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P R IN T E D  IN  H U N G A R Y  

A k ad ém ia i K iadó  és N yom da V á lla la t, B u d ap est



Acta Microbiologica Hungarica 36 (1), pp. 3 —  6 (1989)

PLASMA FIBRONECTIN CONCENTRATION 
IN GERMFREE AND CONVENTIONAL 

MICE OF VARIOUS AGE

K . C s e h , P i r o s k a  A n d e r l i k , I l o n a  S z e r i ,

Z s u z s a n n a  B á n o s , L. J a k a b  and  L. K a l a b a y

T h ird  D epartm ent o f  M ed ic in e , and Institu te  
o f  M icrobiology, Sem m elw eis U niversity  M edical School,

B udapest

(R eceived S ep tem b er 15, 1987)

L ow er p lasm a fib ro n ec tin  (FN ) levels w ere de tected  in  C 3H  germ free  (Gf) m ice as 
co m p ared  to  conventional (Cv) ones. FN  levels in creased  w ith  aging b o th  in  G f a n d  Cv m ice. 
S tim u la tio n  of th e  im m u n e  sy s tem  w ith  live  N ew castle  disease v iru s (N D V ) vacc ine  increased  
th e  F N  levels in young germ free  mice, b u t  h a d  no effect in  conven tionals.

F ib ro n ec tin  (FN ) is a high m o lecu la r m ass ad h esiv e  g lycopro te in  (MY 
440 000 d) produced  b y  severa l cell ty p e s . I t  is found in  an  inso luble  form  on 
th e  surfaces of vario u s ty p e s  of cells, associa ted  w ith  b a sem en t m em branes 
an d  connective  tissu e , an d  i t  is p re sen t in  a soluble form  in  p lasm a an d  in  o ther 
b o d y  flu id s [1-7].

One of th e  m ost im p o r ta n t effect o f soluble p la sm a  F N  is its  opsonic 
a c tiv ity . The effective o p era tio n  of th e  m ononuclear-p h ag o cy te  system  (M PS) 
dep en d s on th e  co n cen tra tio n  of p la sm a  F N  [1, 2]. T he p h ag o cy tic  a c tiv ity  
of M PS is im p aired  w hen  p lasm a F N  co n cen tra tio n  is red u ced  an d  im proves 
on re s to ra tio n  of i t  [5 -8 ]. P h ag o cy tic  cells express cell surface recep to rs  for 
F N , an d  ingest tissu e  debris , v a rio u s b lood-borne p a rtic le s , b a c te r ia  and  b a c 
te r ia l  p ro te in s opsonized b y  F N . F N  p lay s a role in  th e  co n tro l o f th e  m o tility  
an d  soluble m ed ia to r p ro d u c tio n  o f ph ag o cy tic  cells [5, 6, 9, 10].

A p ro te in  analogous to  h u m an  F N  seem s to  be p re se n t in  o th e r  v e r te b ra te  
species. In  m ice, p lasm a  an d  c e r ta in  cell surface have  rev ea led  a p ro te in  w ith  
b io logical and physicochem ical ch a ra c te ris tic s  v e ry  sim ilar to  th a t  o f th e  hum an  
F N  [11]. I t  has been  p roved  th a t  th e  phagocytic  a c t iv i ty  of germ free (Gf) 
m ice is decreased com pared  w ith  t h a t  o f  conven tional (Cv) m ice [12].
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4 CSEH et al.

D ata  concern ing  th e  p lasm a F N  level o f G f m ice, how ever, are no t know n . 
T h e  presen t s tu d y  is concerned  w ith  th e  p lasm a F N  level o f  in ta c t G f an d  Cv 
m ice w ith  d ifferen t age an d  th e  effect o f t re a tm e n t w ith  live  N ew castle disease 
v iru s  (NDY) c o n ta in in g  a t te n u a te d  NDY vaccine  on  th e  p lasm a FN  level in  
y o ung  mice.

M aterials and m ethods

Experim ental a n im a ls. G erm free an d  co n v en tional C3H m ice (L A T I, Gödöllő, H u n g a ry ) 
o f  b o th  sexes and  d iffe re n t age w ere used . T he germ free s ta te  w as m ain ta in ed  as described  
earlie r [12].

P urification o f  F N , standard production. P lasm a  F N  w as se p a ra te d  from  pooled m ouse 
se ra  (30 ml) as described  ea rlie r [10], th e  hom ogeneity  o f iso la ted  F N  w as g rea ter th a n  9 9 % .

Preparation o f  a n ti-F  N -antibodies ( a F N ) .  R a b b its  w ere im m u n ized  w ith  th e  p u rif ied  
m ouse  FN . The m o n o sp ecifity  o f a F N  was checked by  crossed im m unoelectrophoresis ag a in s t 
n o rm a l mouse p lasm a, m ouse  p lasm a  dep le ted  for FN  an d  p u rified  m ouse FN , sim ilarly  as i t  
w as described for a F N  to  h u m a n  F N  [10].

D etermination o f  m ouse p lasm a  F N  level. B lood w as collected  fro m  th e  oph thalm ic  p lexus 
o f m ice using sodium  c itra te  as an  a n tico ag u lan t. P lasm a FN  c o n ce n tra tio n s  were d e te rm in ed  
b y  e lectro im m unodiffusion  [13]. P u rified  m ouse F N  w as used  as a s ta n d a rd  for FN  m easu re 
m en ts .

D etermination o f  p ro te in  concentration  was perfo rm ed  as described  b y  Low ry e t al. [14].
Vaccine. The a tte n u a te d  m ezogene v a r ie ty  (II  s tra in )  o f th e  fowl p lague v irus (N D V ) 

p ro p a g a te d  in  em b ry o n a te d  ch icken  egg w as used  (P h y lax ia , B u d a p es t) . F ive  weeks old G f 
a n d  Cv mice were tre a te d  in tra p e rito n e a lly  w ith  0.2 ml o f N D V  vaccine. F N  level was d e te r 
m in ed  seven days a f te r  th e  tre a tm e n t.

Statistical analysis. T h e  S tu d e n t “ i”  te s t  was used  fo r s ta tis t ic a l  analysis of d a ta . T he 
a cc ep te d  level of sign ificance w as p =  0.05.

R esu lts

P lasm a F N  an d  to ta l  p ro te in  co n cen tra tio n s of Cv a n d  Gf m ice w ith  
v a r io u s  age are show n in  T ab le  I . T he p lasm a F N  co n cen tra tio n s  v a ried  w ith  age 
b o th  in  Gf and Cv m ice. T h e  values w ere s ig n ifican tly  h ig h er in  th e  12 m on ths 
o ld  m ice th a n  in  th e  6 w eeks old ones. H ow ever, in  th e  G f m ice values w ere

Table I

Plasma F N  and total protein  concentrations o f  Cv and G f mice o f  various age

G ro u p s Age N u m b er
C o n cen tra tio n  o f

to ta l  p ro te in p lasm a  F N P lasm a F N /to ta l
//g /m l X 104 /ig /m l p ro te in  X ± S E %

o f m ice X ± S E X ± S E

G f 6 weeks 15 n .t. 4 1 7 ± 7 8 n.t.

12 m on ths 16 5 .4 9 ± 0 .1 0 6 0 0 ±  8 1.1 ± 0.02

Cv 6 weeks 13 3 .52± 0 .18 556 ± 4 2 1.58±0.08

12 m on ths 16 Kf*
.

VO О 14
-

p о 6 8 3 ± 1 4 1 .39±0.05

n .t.  =  no t tested
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sig n ifican tly  low er th a n  th o se  w ere found  in  Cv m ice of sam e age. T he p lasm a 
F N  level o f 12 m onths old G f m ice co rresponded  to  th e  v a lu e  o f th e  6 weeks 
old Cv m ice. The to ta l  p ro te in  co n ten t in  12 m on ths old G f m ice w as sign ifi
c a n tly  h ig h er th a n  of th e  conven tionale  o f sam e age, how ever, th e  ra tio  of 
F N /to ta l  p ro te in  co n ten t w as low er in  G f m ice th a n  in  conven tionale .

F ig. 1. E ffec t o f a tte n e u a te d  N D Y  vaccine on th e  p lasm a FN  level in  y o u n g  m ice. Open co
lum ns, u n tre a te d  m ice; shaded  colum ns, N D V -trea ted  m ice

T he effect of a t te n u a te d  N D Y  vaccine  on th e  p lasm a F N  level w as inves
t ig a te d  in  young m ice. P lasm a F N  co n cen tra tio n s de te rm in ed  seven  day s after 
th e  t r e a tm e n t  are show n in  Fig. 1. In  th e  case of Cv m ice th e  p la sm a  F N  level 
d id  n o t differ s ig n ifican tly  in  v acc in a ted  and  u n tre a te d  groups. H ow ever, in  
G f m ice, th e  p lasm a F N  level of v acc in a ted  anim als w as s ig n if ican tly  higher 
co m p ared  to  th a t  o f th e  u n tre a te d  ones. T he p lasm a F N  level o f v a c c in a ted  Gf 
m ice w as in  th e  ran g e  o f th e  values of Cv m ice.

W e have found h igher p lasm a F N  levels in all g roups o f C3H mice as 
co m p ared  to  h u m an  p lasm a co n cen tra tio n s (200-400 pg/m l) d e te rm in ed  by  th e  
sam e m ethod . H ow ever, th e  increase o f F N  level w ith  aging of m ice is in  ac 
co rd an ce  w ith  our p rev ious o b se rv a tio n  th a t  th e  h u m a n  p lasm a  F N  level 
ex h ib ited  a sligh t g rad u a l increase from  age 20 to  60 [15]. T he p lasm a FN  
co n cen tra tio n  of G f m ice has n o t so fa r been in v estig a ted . O ur p resen t resid ts  
show ed th a t  th e  p lasm a F N  co n cen tra tio n s  w ere low er in  G f th a n  in  Cv mice 
o f sam e age. This re su lt is in  accordance  w ith  earlier s tud ies w hich  have sug
gested  th a t  m acrophage a c tiv ity  o f G f an im als differs co n sid e rab ly  from  th a t  
o f Cv anim als. A dherence and chem o tac tic  a c tiv ity  of m acrophages are signif
ic a n tly  less in tense , lysosom al enzym e a c tiv ity  an d  phago cy to sis  are also 
sm aller in th e  cells o f G f an im als th a n  those  of conventionale  [3, 16-20].

1  700
c — — cn О a.
<b .

D iscussion
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I t  is also k n o w n  th a t  th e  func tion  of th e  m on o n u clear phagocy te  system  
g rea tly  depends on  th e  c o n cen tra tio n  of p lasm a F N : in  case of decreasing F N  
co n cen tra tio n  th e  p h ag o c y te  fu n c tio n  is im p a ired  [1, 2, 5 -7 , 21]. I t  m a y  he 
assum ed th a t  th e  a lte re d  ph ag o cy tic  a c tiv ity  is in  con n ec tio n  w ith  th e  low er 
level of p lasm a F N  fo u n d  in  G f m ice. The reaso n  fo r th is  could be a decreased  
F N  p roduction  b ecau se  o f th e  lack  of n o rm al m ic ro b ia l flo ra , w hich m ay  be 
also responsible fo r an  u n sa tis fa c to ry  specific im m u n e  response and  n o n -sp e
c ific  resistance in  G f m ice [22-24]. O ur re su lts  show  th a t  th e  lower p lasm a F N  
level of Gf m ice could  p la y  a ro le in  th e  fa ilu re  o f  non-specific  resistance of Gf 
m ice.

I t  has been  fo u n d  th a t  th e  p lasm a F N  c o n c e n tra tio n  of G f m ice w as 
increased  to  th e  level o f Cv m ice of th e  sam e age b y  a tte n u a te d  th e  N D V  
v accine , how ever, th e  F N  level of Cv mice w as n o t in fluenced . This re su lt su p 
p o r ts  th e  a ssu m p tio n  th a t  th e  reaso n  for th e  low  level o f F N  in Gf m ice could 
be  th e  lack of s t im u la n t effect o f th e  no rm al m icrob ia l f lo ra  on F N  p rod u c tio n .
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RISK INVOLVEMENT WITH STAPHYLOCOCCUS 
AUREUS  EXOTOXINS AMONG PYOGENIC SKIN 

INFECTIONS WITH SPECIAL REFERENCE 
TO TOXIC SHOCK SYNDROME

S m i t a  N a i d u , K. R a j y a l a k s h m i  an d  A. S . N a i d u

Institute o f  Preventive M edicine,
P ublic  Health Laboratories and  Food ( Health)  A u th o r ity ,

A . P ., H yderabad, In d ia

(R eceived F e b ru a ry  19, 1988)

T he sera o f th re e  p a tie n ts  invo lved  in  a n o n -m en s tru a l to x ic  shock syndrom e o u tb rea k  
show ed TSST-1 a t  a  c o n cen tra tio n  above 40 n g /m l a n d  no an tib o d ies o f IgG  class ag a in st th e  
to x in . A Staphylococcus aureus s tra in  p ro d u c in g  TSST-1 was iso la ted  from  one of th e  p a tie n ts . 
S. aureus s tra in s  show ing  sim ilar phage ty p e  a n d  b io ty p e  p a tte rn s  w ere iso lated  from  473 o u t 
of 876 close c o n tac ts  w ith  th e  p a tien ts  in v o lv ed  in  th is  o u tb reak . T his carriage  and  sp read  w as 
trac ed  to  pyogenic  sk in  infections (m ain ly  “ fo llicu litis” ) am ong th is  popu la tio n . Serological 
s tu d ies in d ica ted  th a t  d u rin g  the  early  p h ase  o f th e  o u tb rea k  a n ti TSST-1 titre s  w ere low  th e n  
rose g rad u ally . I n  a  fu r th e r  re la ted  s tu d y  th e  freq u en cy  of e n te ro to x in  p ro d u c tio n  w as fo u n d  
48 .5%  am ong s tap h y lo co cc i isolated fro m  pyo g en ic  sk in  in fections. O ur d a ta  in d ica ted  th a t  
pyogenic sk in  in fec tio n s a re  p o ten tia l source fo r to x ic  shock syndrom e.

Staphylococcus aureus cause m a n y  infections in  hu m an s am ong w hich  
p y o d erm a  is one o f  th e  m ost com m on an d  im p o rta n t afflic tions of th e  sk in . 
I t  has been  in d ic a te d  th a t  5 to  9 %  o f in d iv idua ls suffer each year from  sk in  
in fections due to  staphylococci o f  low invasiveness [1].

S. aureus p ro d u ce  a v a r ie ty  o f ex trace llu la r p ro te in  to x in s  in im ica l to  
th e  tissu es  o f m an  and  anim als. D esp ite  ex tensive  re sea rch  on th e  role of to x in s  
in  stap h y lo co cca l illnesses, it w as on ly  in  to x ic  shock syndrom e (TSS), scalded  
sk in  syndrom e a n d  staphylococcal food  poisoning th a t  th e  role of to x in s  has 
been  f irm ly  es tab lish ed  [2, 3].

S tap h y lo co cca l food poisoning episodes due to  food hand lers suffering  from  
pyogenic  sk in  in fec tio n s and h e a lth y  carriag e  is w idely  know n [4]. N osocom ial 
tran sm iss io n  o f S . aureus th ro u g h  h o sp ita l personnel has been d o cu m en ted  in  
over 200 p o s to p e ra tiv e  TSS cases [5]. F u rth e rm o re , we have  recen tly  re p o rte d  
th a t  to x ic  shock  syndrom e tox in -1  (TSST-1) p roducing  S. aureus s tra in s  cause
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fa ta l  o u tb reaks o f n o n -m en stru a l to x ic  shock syndrom e am ong p o p u la tio n  
th ro u g h  pyogenic sk in  in fections [6].

In  th is  s tu d y  w e have in v es tig a ted  th e  TSST-1 serology during  a non- 
m e n s tru a l TSS o u tb re a k . W e have  also screened  for th e  incidence of s ta p h y lo 
coccal en te ro to x in  (SE ) and  TSST-1 p ro d u c tio n  am ong pyogenic sk in  in fec
tio n s .

M aterials and m ethods

Bacterial strains. S . aureus s tra in s  w ere iso la ted  from  TSS p a tie n ts  an d  h e a lth y  persons 
in v o lv ed  in  an o u tb rea k  o f n o n -m en stru a l TSS in  a new ly  ra ised  police b a tta lio n  in  H y d e rab ad , 
In d ia . F u rth e r, a to ta l  o f 68 . S. aureus s tra in s  iso la ted  from  p a tie n ts  suffering  from  pyogenic  
sk in  in fections a t  th e  D erm ato lo g y  Clinic, O sm an ia  G eneral H o sp ita l, H y d e rab ad , In d ia  w ere 
te s te d . These stra in s  w ere iso la ted  from  vario u s clinical ty p es  of p y o d e rm a  as lis ted  in T ab le  I.

Sera. A to ta l  o f 847 serum  sam ples co llected  du ring  a n o n -m en s tru a l TSS o u tb rea k  
w ere tes ted . These sam ples included  acu te  p h ase  sera  of 3 TSS p a tie n ts , 29 sera from  close 
c o n ta c ts  of TSS p a tie n ts , 19 sera from  th e  m em bers o f th e  m edical s ta ff, an d  799 sera from  th e  
re m a in in g  m em bers of th e  b a tta lio n . Serum  sam ples w ere sto red  a t  —20 °C u n til  tes ted .

Chemicals. P u re  SE A , SE B , SEC, S E D , T SS T -I and  corresponding  an tise ra  were k in d ly  
su p p lied  by  Professor M. S. B ergdoll, Food R esearch  In s t i tu te ,  M adison, W isconsin, USA. A n ti
bod ies (goat) for p r im a ry  co atin g  an d  h o rse rad ish  perox idase  co n ju g a ted  an tibod ies a g a in s t 
S E A , S E B , SEC, S E D  a n d  TSST-1 were k in d  g ifts from  Professor S. H . W . N o te rm an s, N a 
tio n a l Public  H e a lth  L ab o ra to rie s , B ilthoven , N e th erlan d s . O rtho -pheny lened iam ine  su b s tra te  
a n d  b ov ine  serum  a lb u m in  w ere pu rch ased  from  S igm a Chemicals Co., Mo., USA. C rysta l 
v io le t s ta in  was from  E . M erck, D a rm stad t, F R G . B lood agar base No. 2, DNAse ag ar a n d  
b ra in  h e a r t  infusion  b ro th  w ere pu rchased  fro m  H i-M edia, B om bay , In d ia . U nless o therw ise  
s ta te d  all th e  chem icals u sed  in th e  p re p a ra tio n  of buffers and  so lu tions w ere of an a ly tica l 
g rade.

T S S T -1  and anti T S S T -1  assay. S . aureus iso la tes were cu ltiv a ted  accord ing  to  th e  d ia ly 
sis-sac  cu ltu re  tech n iq u e  described  by  D onnelly  e t al. [7]. T he presence o f TSST-1 in th e  cu ltu re  
s u p e rn a ta n ts  and th e  a n ti  TSST-1 titre s  in  serum  sam ples were d e tec ted  by  an  o p tim al sensi
t iv i ty  p la te  m ethod  [8], a n d  also by  E L IS A  [9].

Staphylococcal enterotoxin ( S E )  assay. S . aureus s tra in s  iso lated  from  pyoderm a w ere 
g ro w n  according to  th e  d ialysis-sac  cu ltu re  tech n iq u e  an d  th e  cu ltu re  su p e rn a ta n ts  were te s ted  
b y  enzym e linked im m u n o so rb en t assay  (E L IS A ) developed  and  described b y  N o te rm an s e t

a l- [9J- Subspecies typ ing . S . aureus iso lated  w ere d iffe ren tia ted  in to  subspecies based  on th e ir  
h u m a n , bovine and  can ine h o s t origin according to  th e  ty p in g  procedure  described  by  M eyer [10]

Phage typing. T y p in g  o f th e  S. aureus iso la tes w ith  In te rn a tio n a l basic  se t o f phages was 
done  a t  th e  IC M R -S taphy lococca l P hage T y p in g  C enter, M aulana A zad M edical College, N ew  
D elh i, In d ia .

R esu lts

N on-m enstrual T S S  outbreak. T he clin ical h is to ry  of th e  n o n -m en stru a l 
TSS o u tb re a k  was p re sen ted  elsew here [6]. D u rin g  th is  in v es tig a tio n , th e  th re e  
TSS p a tie n ts  succum bed to  illness show ed sy m p to m s of h igh fever, h y p o te n 
sion, v o m itin g  an d /o r d ia rrh o ea . N ecropsy  d em o n stra ted  a w idesp read  conges
tio n  o f  in te rn a l o rgans w ith  haem orrhage an d  necrosis. T he sera  of th e  th re e  
p a tie n ts  show ed th e  presence  of TSST-1 (^>40 ng/m l) b u t no d e tec tab le  t i tre s  of 
TSST-1 an tibodies o f IgG  class. F rom  one of th e  th ree  p a tie n ts , a S. aureus 
s tra in  w as iso lated  th a t  p roduced  TSST-1 b u t  n o t an y  of th e  SE . I t  belonged
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Table I

Enterotoxin production among S. aureus isolated fro m  various clinical 
types o f  pyoderma

N o.
te s te d

N o . S tap h y lo co ccal e n te ro to x in  ty p e
po sitiv e

A В C D E A&C B&C DAC

Folliculitis 19 1 0 0 2 5 0 0 2 1 0

Furunculosis 1 0 5 0 0 4 0 0 1 0 0

Im petigo 15 8 2 0 4 1 0 1 0 0

Abscess 3 1 0 0 1 0 0 0 0 0

Sec. infection 19 7 2 1 2 0 0 1 0 1
I.E .D .* 2 2 0 1 0 0 0 1 0 0

T otal 6 8 33 4 4 16 l 0 6 l 1

* Infectious eczem atoid derm atitis

to  S. aureus b iovar. hom inis  accord ing  to  th e  M eyer c lassifica tion  and  show ed 
su scep tib ility  to  phage ty p e  75 of group  I I I .

A to ta l  of 876 in d iv id u a ls  of th e  b a tta lio n  w ere s tu d ie d  for th e  sk in  c a r 
riage of TSST-1 p o sitive  S . aureus an d  w ere sero logically  ev a lu a ted  fo r th e  
presence of TSST-1 and  a n ti  TSST-1. A m ong th is  g roup  473 (54% ) in d iv id u a ls  
h a rb o u red  TSST-1 p o sitiv e  S . aureus s tra in s  belong ing  to  a sim ilar b io v ar an d  
phage ty p e  described  w ith  th e  p a tien ts . F o llicu litis  w as found  to  he com m on 
and  w idespread  am ong th e  b a tta lio n . Serological s tu d ies  w ith  th is  selected  
p o p u la tio n  revealed  th a t  d u ring  th e  early  p h ase  of th e  o u tb reak  th e  a n ti 
TSST-1 p revalence w as low  and  rose rap id ly  b y  th e  f if th  w eek (i.e. f i f th  w eek 
a fte r th e  f irs t  d iagnosed case of TSS). TSST-1 ( <  10 ng /m l o f sera) and  TSST-1

Fig. 1. Serological s ta tu s  o f th e  p o p u la tio n  for TSST-1 a n d  a n ti  TSST-1 du ring  th e  non- 
m en stru a l to x ic  shock  syndrom e o u tb reak . О =  T SST -1; •  =  TSST-1 +  a n ti  T SST-1;

▼ =  a n ti TSST-1
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an d  an ti TSST-1 levels w ere h igh  d u rin g  th e  second w eek an d  th e  frequency  
g rad u a lly  subsided  b y  th e  f if th  w eek (F ig . 1).

Incidence o f  tox in  production by S . aureus isolates fro m  pyoderm a. O u t of 
68 S. aureus s tra in s  iso la ted  from  p y o d e rm a  p a tien ts , 4 8 .5%  p ro d u ced  entero- 
to x in s  and none p ro d u ced  TSST-1. D iffe ren t SE typ es p ro d u ced  b y  S . aureus 
o rig in a tin g  from  v a rio u s  clin ical ty p e s  o f pyogenic sk in  in fec tions is show n in  
T ab le  I. Iso lates from  IE D , im petigo  an d  folliculitis cases show ed h igh  degree 
o f  en te ro tox igen ic ity . SEC was com m only  produced. M ixed com b in a tio n s w ith  
o th e r  en tero tox ins w ere  expressed  on ly  w ith  SEC.

M ajority  of th e  SE  positive s tra in s  w ere, in m a jo r ity , u n ty p a b le  by  
phages (60.6% ). E n te ro to x in  p ro d u c tio n  am ong th e  p y o d e rm a  s tra in s  was 
fo u n d  in  I I I ,  IV  an d  m ixed  phage groups.

A ccording to  th e  subspecies ty p in g , pyoderm a iso la tes w ere classified  
as S . aureus b iovar. hom inis  (72 .1% ), S . aureus b iovar. bovis (25 .0% ) an d  S. 
aureus  b iovar. canis (2 .9% ). S. aureus b io v ar. hom inis (32 .3% ) and  b io v ar. bovis 
(14 .7% ) were p o te n t e n te ro to x in  p roducers.

D iscussion

In  studies w here docum ented  illnesses have been associa ted  w ith  specific 
e n te ro to x in  or TSST-1 p ro duc ing  s tra in s  o f S. aureus, p a tie n ts  w 'ith w ound 
in fec tions and  pyogenic sk in  in fections h av e  show n th e  la rg est a n tib o d y  re 
sponse  [11]. These in fec tions w ere also im p lica ted  for TSS w hen  colonized w ith  
a  p o te n t TSST-1 p ro d u c in g  S. aureus [6, 12].

D uring  th is  o u tb re a k  we h av e  o bserved  th a t  th e  p o p u la tio n  rap id ly  
developed  an tibodies to  TSST-1. This im m u n ity  was m ain ly  due to  th e  high 
deg ree  transm ission  o f th e  TSS s tra in  in  th e  p o pu la tion  th ro u g h  sk in  carriage 
a n d  pyoderm a. I t  has been  rep o rted  th a t  S. aureus clinical iso la tes possess 
h ig h  cell surface h y d ro p h o b ic ity  [13, 14] an d  b in d  to  se rum /connec tive  tissue 
p ro te in s  such as fib rin o g en , IgG , f ib ro n e c tin , v itro n ec tin , lam in in  an d  collagen 
[15]. Such in te rac tio n s p ro b a b ly  c o n tr ib u te  to  th e  tran sm issio n  an d  coloniza
tio n  p roperties of staphy lococci.

T he possible risks in v o lved  in pred isposing  TSS and  s tap h y lo -en te ro to x ico - 
sis w ere evaluated  by  screening  for SE an d  TSST-1 p roducing  s tra in s  am ong 
pyogen ic  skin infections. T he frequency  o f SE p o sitiv ity  was h igh  am ong s tra in s  
iso la te d  from  pyoderm a an d  w ith  no TSST-1 production . H ow ever, none of 
th e se  p a tie n ts  were co m plica ted  any  fu r th e r  w ith  en tero tox icosis d u ring  th e  
cou rse  o f th is  investiga tion . I t  was re p o rte d  th a t  th e  popu la tions from  develop
in g  cou n tries  have h igher a n tib o d y  ti t re s  to  a t  least one e n te ro to x in , S E B , 
b ecau se  of th e  w idespread  exposure  of th ese  people to  staphy lococcal in fections 
[1 1 ,1 6 ].
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T h e iso la tio n  ra te  of th e  TSS stra in s  w as h igh  (54% ) am ong  th e  persons 
invo lved  in  th e  TSS o u tb reak , how ever, only  tho se  lacking anti-T SST -1 ti t re s  
developed  TSS. This fin d in g  fu r th e r  su p p o rts  th a t  TSS occurs only  in  a n ti  
TSST-1 d e fic ien t persons. P yogen ic  sk in  in fections due to  to x in  p roducing  S. 
aureus s tra in s  (w ithou t an y  a p p a re n t clinical toxicosis) p ro b a b ly  p rov ide  a 
n a tu ra l acqu ired  im m u n ity  in  exposed p o p u la tio n . On th e  o th e r  h an d , pyogenic 
sk in  in fec tions m ay pose risks in  persons lack ing  p ro tec tiv e  an tib o d ies  ag a in st 
SE  and  T SST-1. The orig inal re p o r t  by  T odd e t al. [17] th a t  TSS as a p aed ia tric  
illness and  th e  com m on occurrence  of m en stru a l TSS am ong  young w om en 
[18] in d ica te s  an  age-associated  risk  invo lvem en t in  TSS. A ge-specific p re v a 
lence o f an tib o d ies  against TSS to x in  was observed  in a US b ased  sero-surveil- 
lance an d  i t  w as found th a t  a n tib o d y  t i t r e s  rising w ith  th e  increasing  age 
reached  a p la te a u  w ith  th e  p o p u la tio n  reach ing  th e  age of 40 years  [19].

E n te ro to x ig en ic  S. aureus  s tra in s  of an im al origin cause food poisoning 
episodes [4]. The p revalence o f  zoonosis am ong pyogenic sk in  in fections and 
SE p ro d u c in g  S. aureus b io v a r. bovis causing  hum an  in fections has been re p o r
te d  [20, 21]. O lsvik et al. [22] have recen tly  rep o rted  th a t  m ost o f th e  S. 
aureus s tra in s  iso lated  from  bovine m a s titis  produce T SST-1. In  th is  s tu d y  
we have observed  SE p ro d u c tio n  am ong S. aureus b io v ar. bovis and  b io v ar. 
canis. T ho u g h  none of th e  an im al iso lates from  pyoderm a p roduced  TSST-1, 
th e  possib le role of zoonosis in  TSS can n o t he excluded.

To sum m arize , our fin d in g s in d ica te  th a t  S. aureus causing TSS can 
sp read  ra p id ly  in th e  p o p u la tio n  th ro u g h  superficial pyogenic skin infections 
such as fo llicu litis . In  developing  co u n tries , trop ica l c lim ate , profuse sw eating  
and  poor hygienic p rac tices  are pred isposing  factors fo r pyoderm as [12, 15]. 
Since TSS like m any  o th e r  new ly em erged diseases is u n d erd iag n o sed , th e re  
is an  im m ed ia te  necessity  to  e v a lu a te  such  risk  invo lvem en ts. A recen t rep o rt 
on th e  w idespread  zoonosis am ong p y o g en ic  skin in fections fu r th e r  com plicates 
th is  p rob lem  [15].
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HISTAMINE PRODUCTION BY HAEMOPHILUS

Z s u z s a n n a  C s u k á s  an d  Á g n e s  B a r á t h

Institu te  o f  M icrobiology , Semmelweis U niversity  
M edical School, and Central Research Institu te  

o f  Food In d u stry , Budapest

(R eceived  M arch 2, 1988)

E ig h t H aem ophilus in fluenzae  an d  fo u r H aem ophilus para in fluenzae  s tra in s , all fresh ly  
iso la ted  from  p a tie n ts , w ere ex am ined  fo r h istam in e  p ro d u c tio n . H istam in e  was p ro d u ced  by 
all th e  I I . in fluenzae  (0.06 fig -  2.6 /ig/100 m l) and  b y  tw o o f th e  H . para in fluenzae  s tra in s  
(46.5 — 47.9 jUg/100 m l). I t  is concluded t h a t  h istam ine  w hich  p lay s an  im p o r ta n t  ro le in  th e  
pathogenesis o f chronic aspecific  re sp ira to ry  diseases, m ay  derive  n o t on ly  from  d eg ran u la 
tio n  of m ast cells, b u t  also p ro d u ced  b y  Haem ophilus.

Low er re sp ira to ry  t r a c t  secretions ta k e n  b y  tra n s tra c h e a l needle biopsy 
or f ib re  bronchoscopy  during  acu te  ex acerbation  o f chronic aspecific  re sp ira 
to ry  disease (CA RD ) are a b u n d a n t in  bac te ria . In  low er n u m bers, b ac te ria  can 
also be iso la ted  from  sam ples ta k e n  in  th e  a sy m p to m a tic  period  [1—3]. Staphy
lococcus aureus, H aem ophilus in fluenzae, H aem ophilus para in fluenzae  and  
Streptococcus pneum oniae  a re  th e  species iso la ted  m ost com m only  [1, 4, 5]. 
M etabolites and  cellu lar decom position  p ro d u c ts  o f these  b ac te ria  com e in to  
a con tinuous ta c t  w ith  th e  b ronch ia l serosa and  th e  p u lm o n ary  tissues.

We [6, 7] h av e  d em o n stra ted  th e  cell-dam aging effect o f H aem ophilus  
enzym es and  en d o to x in  in  th e  p u lm o n a ry  tissue . In  th e  course o f these  proces
ses, h is tam in e  an d  m ed ia to rs  are  released , w hich m a y  cause clin ical sym ptom s 
an d  histo log ical changes.

A lte rn a tiv e ly , h is tam in e  m a y  be syn thesized  b y  d eca rb o x y la tio n  of 
h is tid ine . H istam in e-p ro d u c in g  s tra in s  are  know n in  ce rta in  groups o f in te s tin a l 
b ac te ria , e.g. Lactobacillus species [8]. S heinm an e t al. [9] w ere th e  f irs t to  re 
p o rt in 1987 on H . influenzae  species exercising a h istid ine-decarboxy lase  a c tiv 
ity .

Since h is tam in e  p lays a decisive role in  th e  p a th o m ech an ism  of CA RD , 
is seem ed to  he o f in te re s t to  exam ine for h is tam in e  p ro d u c tio n  H . in fluenzae  
an d  H . para in fluenzae  s tra in s  fresh ly  iso la ted  b y  us from  p a tie n ts .
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M aterials and m ethods

H aem ophilus stra ins. Six o f th e  12 s tra in s  used  in  th e  ex p erim en ts  h ad  been  iso lated  
fro m  th e  low er re sp ira to ry  t r a c t  o f p a tie n ts  w ith  chronic b ro n ch itis , tw o from  ear secretions of 
ch ild ren  suffering fro m  o titis , tw o from  th e  CFS of ch ild ren  w ith  m en ing itis , one from  haem o- 
cu ltu re  and one from  p ro s ta te  secretion .

T he follow ing c h a ra c te rs  w ere de te rm in ed : g ro w th  fac to r d e te rm in a tio n  by  Sim s’ 
m eth o d , sucrose a n d  xy lo se  decom position , O N PG  te s t,  haem olysin , indo le  a n d  n itra te  p ro 
d u c tio n  [10].

E ig h t of th e  s tra in s  p ro v ed  to  be H . in fluenzae  a n d  fo u r H . para in fluenzae . T he fresh ly  
iso la te d  stra ins w ere m a in ta in e d  on choco late  agar.

Methods. T he s tra in s  w ere su b je c ted  to  th ree  consecu tive  passages in  a b ro th  m edium  
en rich ed  w ith  10 ^ g /m l h a e m a tin  (N B C O , C leveland), 10 ^ug/ml D P N  (R ean a l, B u d ap es t), 1%  
glucose and 2%  L -h istid ine  (R ean a l, B u d a p es t) , and  0 .5%  p y ridox ine-H C l (R ean a l, B udapest), 
p H  6.2. T he basal b ro th  (p H  7.2) co n ta in ed  0 .3%  Difco m ea t e x tra c t,  1%  B acto  p ep tone  
(D ifco), 0 .2%  y eas t e x tr a c t  a n d  0 .5%  N aC l.

T he cu ltu res w ere cen trifuged  a t  6 000 rp m  a f te r  each  passage a n d  th e  deposit was 
in o cu la ted  in to  fresh  m ed iu m . T he b a c te ria  w ere te s te d  fo r h istid ine  decarb o x y lase  ac tiv 
i ty .  T he h istam ine  c o n te n t  o f th e  s u p e rn a ta n ts  was exam ined  by  th in -la y er ch ro m ato g rap h y  
a n d  in  a B iotronik  LC 2000 a u to m a tic  am ino  acid analyzer.

E xam ination  o f  the actual h istid ine  decarboxylase activity o f  cells. P ep to n e  w a te r  enriched 
w ith  g row th  factors w as u se d  as con tro l m ed iu m  [10]. F o r te s tin g  H aem ophilus  s tra in s  for th e  
enzym e, th e  same m ed iu m  w as en riched  w ith  2%  h istid ine . T he s tra in s  w ere in cu b a ted  for 24, 
48, 72 or 96 h; th e  change  in  p H  was in d ic a te d  by  a change of colour of b rom creso l pu rp le  and  
cresol red  [10].

Thin-layer chromatography. Silicagel G lay e r was used  in  m eth an o l: am m onium  h y d ro 
x id e : n -b u tan o l (50 : 30 : 70) m ix tu re . N in h y d rin  reag en t w as used  as developer [11].

Biogenic am ine an a lys is  in  am ino acid analyser. H is tam in e  w as assayed  b y  a cation- 
ex change  ch ro m ato g rap h ic  m eth o d  in  th e  B io tro n ik  LC 2000 analyzer. D ow ex 50 W X /8  resin 
w as used . Po tassium  c itra te  w as th e  e lu en t b u ffer and  n in h y d rin  th e  d e tec tin g  re ag e n t [12].

R esu lts

T he H aem ophilus  s tra in s  p roved  to  be neg a tiv e  for h is tid in e  d eca rb o x y 
lase a c tiv ity  w hen ex am in ed  in  th e  n u tr ie n t m ed ium  an d  rem ain ed  neg a tiv e  
b o th  a f te r  10 serial passages in  th e  presence of th e  su b s tra te  an d  w hen th e  
h is tid in e  co n cen tra tio n  w as ra ised  to  4 % .

Table I

H istam ine  production by H aemophilus strains

Species
D e sig n a tio n  

o f  s tra in
H is tam in e  p ro d u ced

nm ol/100 m l /ig/100 m l

H . influenzae 14 5.2 0.6
24 19.2 2.2
31 1.3 0.2
37 0.4 0.06
38 11.8 1.3
81 23.1 2.6
84 8.5 1.0

T 2 7.3 0.9

H . parainfluenzae 6 — -.
10 — —

32 408.3 46.5
35 420.3 47.9
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T h in -lay e r ch ro m a to g rap h y  of th e  m ed ium  showed no unequ ivocally  
evaluab le  re su lts , th o u g h , in  case of severa l s tra in s  u n c e rta in  spots w ere 
d e tec ted  a t  th e  level o f th e  co n tro l h is tam in e  spo t. These fin d in g s  led us to  
in tro d u ce  a m ore sensitive tech n iq u e  for h is tam in e  detection .

T he resu lts  of th e  biogenic am ine analysis o f th e  H aem ophilus  cu ltu res 
th a t  h a d  undergone th re e  consecutive passages are p resen ted  in  T able I. T he 
basa l n u tr ie n t  m edium  co n ta in ed  2.8 X l0 ~ 9 m ol/100 ml, i.e. 0.3 /tg/100 m l, 
h is tam in e . T his con tro l v a lue  was su b tra c te d  from  th e  re su lt o b ta ined  for 
each s tra in .

D iscussion

H istam in e , being fix ed  in  th e  m ast cells of all tissues a n d  tissue flu id s 
m ay  be released  d u ring  allergic reactions on th e  effect o f endogenous, au to - 
endogenous or heterogeneous allergens [13]. I t  has been p ro v ed  by  sensitive 
m eth o d s, developed in  th e  la s t decade for de tec tio n  of b iogenic  am ines, th a t  
m icroorganism s m ay  c o n trib u te  to  th is  process as heterogeneous an tigens on 
th e  one h a n d , and b y  p roduc ing  h is tam in e  on th e  o ther.

A u to ly tic  processes in  th e  m uscu lar tissue , su p p o rted  b y  b ac te ria l p ro 
teo ly tic  enzym es, p roduce  free h istid ine , w hich  m ay  be d eca rb o x y la ted  b y  b a c 
te r ia l enzym es to  h is tam in e  [8].

O nly  few b ac te ria l species are know n  to  possess h is tid in e -d eca rb o x y lase  
a c tiv ity , an d  th is  a c tiv ity  is n o t c h a ra c te ris tic  o f all s tra in s  w ith in  one species. 
F ood  poisonings called a tte n tio n  to  h is tam in e  p ro d u c tio n  b y  M organella  
m organii [14], Klebsiella pneum oniae  [15] an d  H afn ia  alvei [16]. These b a c 
te ria , p ro life ra tin g  in  tin n e d  fish , or in  cheese p roduc ts e la b o ra te d  tox ic  am o u n ts  
of h is tam in e . B ehling an d  T ay lo r [17], com paring  th e  h is tam in e  p ro d u c tio n  
b y  th e se  species, d isting u ish ed  tw o g roups, viz. M . m organii, K . pneum oniae  
an d  Enterobacter aerogenes p roduced  large ( >  lOOmg/lOO m l) w hereas H . a lvei, 
Citrobacter freu n d ii  and  Escherichia coli p roduced  li ttle  (<7 25 m g/100 ml) 
am o u n ts  of h istam ine . H istam in e-p ro d u c in g  Clostridium perfringens  s tra in s , 
to o , h av e  been iso la ted  from  tin n ed  f ish  [18]. E d w ard s an d  Sandine [19] 
Streptococcus faecium , Streptococcus m itis  an d  Lactobacillus p lan tarum  s tra in s  
th a t  syn thesized  little  am o u n ts  o f h is tam in e . Lactobacillus buchneri w as iso 
la te d  from  a cheese causing  food poisoning [20]. S trains show ing  decarboxy lase 
a c t iv i ty  occur in  th e  species Lactobacillus delbruckei [20]. R y se r et al. [21] e s ti
m a te d  th e  h is tam in e  p ro d u c tio n  of v a rio u s Pseudomonas species be tw een  3.2 
an d  50 m g/100 ml.

H istam in e  p ro d u c tio n  b y  H aem ophilus  stra ins is a little -ex am in ed  fu n c 
tio n  o f th is  genus, th o u g h  its  ex istence h a d  a lread y  been  p roposed  b y  clin icians 
[22, 23]. Sheinm an et al. [9] were th e  f ir s t  to  d em o n stra te  h istam ine  p roduc-
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tio n  by  H aem ophilus  s tra in s  in  v itro . T h e y  found 7 o f  10 H . in fluenzae  s tra in s  
to  produce h is ta m in e .

Our ow n in v es tig a tio n s  h av e  con firm ed  th e  h is tam in e  sy n th esis  by  
H aem ophilus  s tra in s . A ll th e  eigh t H . in fluenzae  s tra in s  an d  even tw o o f th e  
fo u r H . para in fluenzae  s tra in s  p roved  to  be positive.

D etec tion  o f h is ta m in e  p ro d u c tio n  dem ands a sensitive  te ch n iq u e . We 
failed  to  detec t h is ta m in e  b y  th e  b iochem ical m ethod , ev en  th in -lay e r c h ro m a
to g ra p h y  gave u n a p p re c ia b le  re su lts . O ur failure is ex p la inab le  b y  th e  v e ry  
low  h istam ine level (0 .06 -2 .6  pg/100 m l) th a t  was d e m o n s tra te d  in  th e  am ino 
ac id  analyzer in  H . in fluenzae  cu ltu res. S trik in g ly  h ig h er h istam ine  c o n c e n tra 
tio n s  (46.5-47.9 pg /100  ml) w ere found  in  tw o  of th e  H . para in fluenzae  cu ltu res  
w hile  th e  o th e r tw o  p ro v ed  to  be n eg a tiv e . I t  should  be  n o ted  th a t  even  th e  
h ig h es t co n cen tra tio n s  w ere as low as a b o u t 1/1000 of th e  con cen tra tio n s found  
in  cu ltures o f h is tam in e-sy n th esiz in g  in te s tin a l b ac te ria .

H istid ine d eca rb o x y lase  is an  a d a p tiv e  enzym e. W e m easured  its  a c tiv ity  
a f te r  th ree  consecu tive  passages in a n u tr ie n t  m edium  co n ta in in g  th e  su b s tra te . 
T h e  negative re su lt d id  n o t tu rn  in to  po sitiv e  after fu r th e r  passages or w hen 
th e  su b stra te  c o n c e n tra tio n  was ra ised . T herefo re, p resence  or absence o f th e  
enzym e m ay be re g a rd e d  as a stra in -specific  m arker.

W e found no ap p rec iab le  re la tio n sh ip  betw een  th e  disease th e  s tra in  was 
iso la te d  from  and  th e  h is tam in e  p ro d u c tio n  b y  th e  s tra in . A ll th e  stra in s iso la t
ed  from  chronic b ro n c h itis  proved  to  be  positive . T he tw o  H . parain fluenzae  
s tra in s  th a t  sy n th esized  th e  largest a m o u n t of h is tam in e , derived from  blood 
a n d  from  sperm  sam ples.

T urnbu ll e t al. [22] found  an  increased  h istam ine  level and  H . in fluenzae  
a n tig en s  in  in trin sic  a s th m a tic  clinical p ic tu re s  in  w hich no allergic aetio log ical 
f a c to r  could be d e te c te d  an d  th e  serum  Ig E  level w as low . Sheinm an e t al. 
[9] d em o n stra tin g  h is ta m in e  p ro d u c tio n  b y  som e of th e ir  H . influenzae  s tra in s , 
a t t r ib u te d  an im p o r ta n c e  to  H aem ophilus  s tra in s  in  th e  developm ent an d  
w o rsen ing  of CARD cases.

F u rth e r  e x p e rim e n ts  should  be m ad e  to  show w h e th e r th e  little  a m o u n t 
o f h is ta m in e  p roduced  b y  th e  H aem ophilus  s tra in s  is enough  to  induce c o n tra c 
t io n  o f  vascular an d  b ro n c h ia l sm ooth  m uscles. I t  should be  considered in  th is  
re sp e c t th a t  H aem ophilus  m ay  persist on b ro n ch ia l an d  a lv eo la r serous m em 
b ra n e s  for years.
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TOXIC SHOCK SYNDROME TOXIN-1 (TSST-1) 
PRODUCTION IN STAPHYLOCOCCAL INFECTIONS 

AND SEROLOGICAL IMPLICATIONS WITH 
PATIENTS AND HEALTHY CONTROLS

A. S. N a i d u , S. V ö r ö s , G. L ő c z i , Z s . K i e n l e ,

B .  B r a s c h  an d  L .  E m ő d y

D epartm ent o f  M edical M icrobiology , U niversity  o f  L u n d ,
L u n d , Sweden , Institu te  o f  M icrobiology , U niversity  

M edical School, Pécs, H ungary , and Public H ealth S ta tion ,
Pécs, H ungary

(R eceived  A pril 12, 1988)

TSST-1 p ro d u c tio n  occurred  in  4 .6%  am ong Staphylococcus aureus s tra in s  iso la ted  from  
d iv erg en t clinical sources in  S o u th -W est H u n g a ry . P a tie n ts  suffering  from  staphy lococca l 
in fec tions, w h e th er o r n o t h a rb ouring  TSST-1 po sitiv e  s tra in s , ex h ib ited  low a n ti  TSST-1 titre s  
in  th e ir  acu te  p h ase  sera  com pared  to  th e  h e a lth y  co n tro l p o p u la tio n . A S . aureus s tra in  iso lat- 
te d  from  tox ic  shock  syndrom e (TSS) w as a h igh  collagen b in d er and  a low fib ro n ec tin  a n d  
fib rinogen  b in d er suggesting  th e  ro le o f connective  tissu e  adhesion  in  co lon ization  a n d  low 
in v asiv e  p ro p e rty  o f TSS stra ins.

Toxic shock  syndrom e (TSS) is a  s taphy lococca l illness, recognized  ea rly  
d u rin g  th is  d ecade, affecting  persons o f an y  age an d  o f e ith er sex w ith  an  
estim a ted  case fa ta l i ty  ra te  of 5 .6%  [1 -3 ]. T he freq u en cy  of TSS re p o rte d  in 
th e  U n ited  S ta te s  has s ig n ifican tly  increased  a fte r  th e  CDC has fo rm u la te d  
th e  c rite ria  of TSS case d e fin ition  in  1980 [4], b u t  in  E u ro p e  th is  illness is less 
fre q u e n tly  re p o r te d  p ro b ab ly  due to  u n d erd iag n o sis  [5].

In  Sw eden, S w itzerland , N e th e rlan d s , F ran ce , F ed era l R epublic  o f G er
m an y  and  U n ite d  K ingdom , TSS is fo u n d  sp o rad ica lly  [5-11] and  u sua lly  th e  
diagnosis is lin k ed  w ith  lab o ra to ries  perfo rm ing  TSS research . These la b o ra to rie s  
have  re p o rte d  a h igh frequency  o f to x ic  shock syndrom e tox in -1  (TSST-1) p ro 
ducing Staphylococcus aureus in  vario u s clinical illnesses w ith o u t an y  a p p a re n t 
sym ptom s o f TSS. H ow ever, th e  ep idem iological s itu a tio n  of th is  d isease in  
th e  E u ro p ean  co n tin en t is y e t u n k now n . S tud ies ev a lu a tin g  th e  r isk  fac to rs ,
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h a v e  ind icated  t h a t  m a jo rity  o f th e  p o p u la tio n  acqu ire  an tib o d ies  to  TSST-1 
a n d  th e  im m u n o d efic ien t persons c o n tra c t th e  illness [11—13].

In  th is  s tu d y  b ased  in  H u n g a ry , we h av e  in v es tig a ted  th e  incidence of 
TSST-1 p roducers, e s tim a te d  th e  a n ti  TSST-1 levels in  s taphy lococca l in fec
tio n s  and  th e  T SST -1 se ro -s ta tu s  in  a se lec ted  group of h e a lth y  po p u la tio n . 
W e have  also s tu d ie d  th e  b in d ing  p ro p e rtie s  o f TSST-1 p ro duc ing  S . aureus to  
se ru m  and  co n n ec tiv e  tissue  p ro te in s .

M aterials and m ethods

Bacterial stra ins. A  to ta l  of 65 S. aureus s tra in s  iso la ted  from  vario u s clinical specim ens, 
a t  th e  rou tine  d iagnostic  d iv ision  of th e  I n s t i tu te  o f M icrobiology, U n iv ersity  M edical School, 
P écs, w ere in v estig a ted  fo r  th e  p ro d u c tio n  of TSST-1.

Sera. Sera o f p a t ie n ts  suffering  from  stap h y lo co cca l illnesses were o b ta in ed  from  the  
D e p a rtm e n t of G y naeco logy  and D erm ato logy , U n iv e rs ity  M edical School, Pécs. A to ta l  of 
33 p a tie n ts  suffered fro m  a cu te  staphy lococca l in fec tio n s an d  one convalescen t p a tie n t  from  
T SS. T he “ acute p h ase  se ru m  specim ens”  w ere o b ta in e d  w ith in  a w eek a fte r  th e  onse t of 
illness.

F u rth e rm o re , 100 se ru m  sam ples from  h e a lth y  in d iv iduals ran d o m ly  selected from  
e ith e r  sex were collected  fro m  th e  C ounty  B lood T ran sfu s io n  C entre, Pécs.

Chemicals. IgG  a n t i  TSST-1 co at an d  th e  a n ti  TSST-1 H R P O  co n ju g a te  were k in d ly  
p ro v id ed  by S. H. W. N o te rm a n s , N a tio n a l P u b lic  H e a lth  L ab o ra to ries, B ilth o v en , N eth erlan d s . 
P u re  TSST-1 was a g ift fro m  M. S. B ergdoll, Fo o d  R esearch  In s t i tu te ,  W isconsin, USA. P ro te in -A  
w as pu rch ased  from  P h a rm a c ia  F ine Chem icals, U p p sa la , Sw eden. O rth o pheny lene  d iam ine 
(N o. P-1526, Lot. No. 54F-5003) was p u rch ased  from  S igm a Chem icals Co., S t. Louis, MO, USA. 
H ig h ly  purified  f ib ro n ec tin  fro m  porcine p lasm a  w as a g ift from  B io in v e n t In te rn a tio n a l AB, 
L u n d , Sweden. F ib rin o g en  p u rif ied  from  h u m an  p lasm a  (B a tch  61857) an d  h u m an  im m u n o 
g lo b u lin  G were p u rch ased  fro m  K abi, S tockho lm , Sw eden. Y itrogen  100™  collagen (con ta ins 
9 5 %  ty p e  I and 5%  ty p e  I I I  collagens, L o t. N o. 87H 18. 3) was p u rch ased  from  Collagen 
C o rp o ra tio n , California, U SA . All chem icals used  fo r th e  p re p a ra tio n  of b u ffer so lu tions were 
of a n a ly tic a l grade.

T S S T -1  production a n d  assay. T est cu ltu res  w ere grow n and TSST-1 w as p ro d u ced  ac
co rd in g  to  the  dialysis sac  c u ltu re  m ethod  [14] an d  th e  cell-free cu ltu re  su p e rn a ta n t was o b 
ta in e d  as described earlie r [15]. C ulture s u p e rn a ta n ts  w ere te s ted  for th e  p resence of TSST-1 
b y  a d irec t (sandw ich) en zy m e  linked im m u n o so rb a n t assay  (E L IS A ) as described by  N o te r
m ans e t  al. [12], w ith  m o d ifica tio n s . The se n sitiv ity  o f th e  E L IS A  is e s tim a ted  to  2 ng  TSST- 
-1 /m l. F a lse  positive re a c tio n s  due to  th e  in te rferen ce  of p ro te in  A, du ring  staphy lococca l to x in  
assays h a v e  been described  [16]. H ow ever, in  o u r a ssay  p ro te in  A did n o t in te rfere .

Detection o f IgG antibodies to T S S T -1 .  T he a n ti  TSST-1 titre s  w ere e s tim a ted  b y  an  
enzym e linked  im m u n o so rb a n t assay. In  b rief, 0.1 m l o f p u re  TSST-1 (0.2 ^g /m l) in  0.02 м 
P B S , p H  7.2, was ad ded  to  e ach  well and  th e  m ic ro tite r  p la te  (N unc) was in cu b a ted  a t  37 °C 
for 1 h  a n d  th en  a t 4 °C o v e rn ig h t. The p la te s  w ere w ashed  th rice  w ith  PB S  co n ta in ing  0 .05%  
T w een-20. The uncoated  h y d ro p h o b ic  sites o f th e  p o ly s ty ren e  surface w ere b locked w ith  0.2 ml 
o f 1%  (w /v ) bovine se ru m  a lb u m in  in PB S. P la te s  w ere in cu b a ted  a t  37 °C for 1 h  an d  th en  
a t  4 °C overn igh t. W ashing  w as rep ea ted . A serum  d ilu tio n  of 1 : 100 in  PB S-Tw een con ta in ing
0 .02%  sod ium  azide a n d  0 .0 2 %  h u m an  serum  a lb u m in  w as p repared . T est sera (0.1 ml) were 
ad d ed  a n d  in cubated  a t  37 °C for 1 h. A fter w ash ing , 0.1 m l o f an tih u m an  IgG  perox idase  
c o n ju g a te  (d ilu ted  to  1 : 100 in  PB S-Tw een) w as ad d ed  a n d  in cu b a ted  a t  37 °C for 30 m in. O rtho- 
phen y len ed iam in e  (O PD ) s u b s tra te  (0.1 ml) p re p a re d  in  34 т м  c itra te  buffer, p H  5.4 w ith  
0 .005%  hydrogen  perox ide w as ad d ed  and  in cu b a ted  a t  30 °C fo r 10 m in. T he enzym e reac tio n  
was te rm in a te d  w ith 0.02 m l 4 N  su lphuric  acid . T h e  colour developm en t was m easu red  by  
ligh t a d so p rtio n  a t  450 nm  (T ite rtek -M u ltiscan ).

B in d in g  o f 1251 labeled serum  and connective tissue pro te ins to T S S T -1  producing S . aureus. 
F ib rin o g en , fib ronection , Ig G  a n d  collagen ty p e  1 w ere labe led  w ith  125I by  th e  ch loram ine T 
m eth o d  [17]. For b ind ing  e x p e rim e n t S. aureus s tra in s  w ere grow n in  ty p tic a se  soy b ro th  
(TSB) a t  37 °C for 18 h. Cells were w ashed once a n d  su spended  in  PB S , to  a d en sity  of
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1010 cells/m l. T he m eth o d  used  fo r q u a n tita tin g  th e  b in d in g  of lab e led  p ro te ins to  b a c te ria  
was according to  F rô m an  e t al. [18].

Phage typ ing . S en sitiv ity  o f S. aureus to  b ac te rio p h ag es w as in v es tig a ted  w ith  th e  
In te rn a tio n a l B asic se t of phages. P hage ly tic  a c tiv ity  w as checked a t  1 R T D  and a t  100 R T D .

Biovar typ ing . C ry ta l v io le t (CV) te s t is th e  b ase  for th is c lass ifica tio n  scheme an d  th e  
ty p in g  w as done accord ing  to  M eyer [19].

R esu lts

T hree  (4 .6% ) o f th e  65 S. aureus c lin ical iso lates o r ig in a tin g  from  pyogen ic  
in fections p roduced  TSST-1. E ig h ty  n ine p e r cen t o f th e  s tra in s  w ere S. aureus  
v a r . hom inis  ex h ib itin g  CY -type C/D a n d  th e  re s t 11%  com prised  S. aureus  
v a r . canis ex h ib itin g  C V -type E . N one o f th e  s tra in s  be longed  to  S. aureus v a r . 
bovis.

T he m a jo rity  o f th e  S. aureus iso la tes  w ere lyzed  b y  phage sets o f th e  
m ixed g roup  (37 .7% ), g roup  I I  (20.8% ) a n d  group I I I  (20 .8% ). O nly 5 .7 %  
w ere associa ted  w ith  g roup  I  and  11.3%  w ere  n o n -ty p ab le .

T he IgG  a n tib o d y  levels to  TSST-1 an tig en  w ere exam ined  a t 1 : 100 
serum  d ilu tions. T he m ed ian  ex tin c tio n  v a lu e  for th e  p a t ie n t  group w as 0.275, 
w hereas th e  h e a lth y  co n tro l group show ed a sig n ifican tly  h igher m ed ian  v a lu e  
o f 0.475 (F ig. 1).

1.0

E 18c

0,  0 .6 -
Э
a>
cо
u  0 . A  - c
X

Оto
ш 0.2 -

t.
•i*

I.

T

I
I*
и

Patients Healthy con tro ls

Fig. 1. TSST-1 an tib o d y  t i t r e s  in  th e  sera (1 : 100 d ilu tion ) o f p a tie n ts  w ith  stap h y lo co cca l in 
fections an d  h e a lth y  co n tro l popu lation . T h e  b isectin g  line is th e  m edian  e x tin c tio n  v a lue . 
T he open circles in  th e  p a tie n ts  colum n re p re se n t th e  acu te  (b o tto m ) and  co n v alescen t (top) 

p h ase  sera of th e  to x ic  sh o ck  syndrom e p a tie n t
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Table I

B in d in g  o f 1251 labeled serum and connective tissue pro te ins by 
T S S T -1  producing S . aureus isolates*

S . aureus s t ra in

P O T E -4 9 P O TE-52 P O T E -6 4

Fibrinogen 70.6 150.8 107.7
F ib ro n ectin 29.7 97.2 48.7
Im m unoglobulin-G 94.5 107.5 98.6
C ollagen type 1 245.5 32.9 33.3

TSST-1 production 4.2 jUg/ml 1.2 f i g / m l 3.1 /ig/m l
P h ag e  type U n ty p ab le 1/29 1/29
B io v ar hom inis hom inis hom inis

CV-type C/D CV-type C/D CV-type C/D
Source Pus/skin Vagina W ound/sk in
C linical diagnosis TSS Sec.infection Pyoderm a

* Values are re la tiv e  percen tage  to serum  p ro te in  binding by  S . aureus s tra in  Cowan 1

One of th e  p a tie n ts  suffering  from  infectious eczem ato id  d e rm a titis  
deve loped  ty p ica l signs an d  sy m p to m s re la te d  to  TSS accord ing  to  CDC c rite r ia
[2]. T his p a tie n t h a rb o u re d  a TSST-1 p ro d u c in g  S. aureus s tr a in  (PO T E -49).

T he serum  an d  co nnective  tis su e  p ro te in  b ind ing  a b il i ty  of th e  th re e  
T SST -1 positive s tra in s  was s tu d ied . S. aureus  s tra in  P O T E -49 , th e  iso la te  from  
th e  TSS case show ed s ig n ifican tly  h igher b in d in g  to  collagen ty p e  1 th a n  non- 
T SS  clinical iso la tes a n d  p ro d u ced  a re la tiv e ly  h igh level o f  to x in . O n th e  
o th e r  h an d , fib rinogen  an d  f ib ro n e c tin  b in d in g  o f th e  TSS iso la te  was r e m a rk 
a b ly  low  com pared  to  th e  non-TSS iso la tes (T able  I).

D iscu ssion

A  high incidence o f  TSST-1 p ro d u c in g  S . aureus s tra in s  from  clin ica l 
so u rces , devoid of a p p a re n t clin ical sy m p to m s o f  TSS, has b een  re p o rte d  [6 -1 0 ]. 
S ince  staphy lococcal in fec tions are  com m on, i t  was also in d ic a te d  th a t  th e  
p o p u la tio n  generally  acqu ires an tib o d ies  a g a in s t TSST-1 w ith  th e  increase  in  
age a n d  th a t  th e  im m u n o d efic ien t persons c o n tra c t  th e  TSS illness [10].

P hage group I  ty p e  29/52 com plex  an d  n o n -ty p ab le  s tra in s  w ere im p lica ted  
w ith  T SS , how ever, s tro n g  associa tion  has also been in d ic a te d  w ith  s tra in s  
from  phage group I I I  [1, 17]. In  our s tu d y  th e  low  freq u en cy  o f  these  ph ag e  
g ro u p s  m igh t exp la in  th e  low incidence  o f TSST-1 p o sitiv ity  (4 .6% ), as com 
p a re d  to  th e  o ther re p o r ts  [5 -7 ]. O ur th re e  S . aureus iso lates p ro d u ced  h ig h  
a m o u n ts  of TSST-1 s im ila r to  th e  in te rn a tio n a l reference s tra in s .
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T here  w as a s trik in g  re la tio n  b e tw een  th e  c ry s ta l v io let b in d in g  p a tte rn  
an  tox igen ic  s taphy lococci. All th e  th re e  TSST-1 iso lates w ere subclassified  as 
S . aureus v a r. hom inis  w ith  C Y -type C/D. In  a recen t s tu d y , TSST-1 p ro d u c tio n  
w as found  assoc ia ted  w ith  CY -type C/D an d  th is  p ro p e rty  was m ore p ronounced  
th a n  th e  assoc ia tion  w ith  phage ty p e s  [5].

O ur serological d a ta  in d ica ted  th a t  th e  p a tie n ts , w h e th e r or n o t h a r 
b o u rin g  TSST-1 p ro duc ing  S. aureus s tra in s , ex h ib ited  low a n tito x in  levels in  
th e ir  acu te  p h ase  sera. C onversely, th e  h e a lth y  con tro l p o p u la tio n  possessed 
s ig n ifican tly  e lev a ted  m ean  level o f a n ti TSST-1. In  a US b ased  p o p u la tio n  
surveillance , i t  w as show n th a t  a n ti  TSST-1 an tibod ies h ad  been  acqu ired  
ra p id ly  b y  20 years of age, 84%  o f th e  p o p u la tio n  hav ing  an  anti-T SST -1 
t i t r e  of />  1 : 100. B y age 40, th e  p revalence  h a d  reached  a p la te a u  o f 97%
[13]. S im ilar s tud ies in  B rita in  show ed th a t  h e a lth y  in d iv idua ls (82% ) aged 
14 to  56 years  h ad  e leva ted  a n tib o d y  ti t re s  w hen  com pared  to  on ly  18%  in 
th e  acu te  p h ase  sera  o f TSS p a tie n ts  [9]. In  accordance w ith  th e se  d a ta , our 
fin d in g  e x trap o la te s  th a t  th e  m a jo rity  o f th e  p o p u la tio n  genera lly  acquires 
im m u n ity  ag a in s t TSST-1, th ro u g h  s taphy lococcal in fections, an d  th a t  th e  
p resence of a TSST-1 s tra in  does n o t necessarily  lead  to  TSS, if  th e  p a tie n t is 
im m unolog ica lly  p ro tec ted . On th e  o th e r h an d , serological s tu d ies  h av e  in d i
ca ted  th a t  th e  acu te  phase sera  from  p a tie n ts  w ith  TSS lack  a n tib o d y  to  
TSST-1 [9, 20, 21]. D uring  our s tu d y , th e  p a tie n t w ith  a p p a re n t sy m p to m s of 
TSS, h ad  low  a n ti  TSST-1 t i t r e  in  his acu te  phase , b u t s ig n ifican tly  e lev a ted  
t i t r e  was d e tec ted  a fte r  tw o m on th s convalescence.

I t  is know n  th a t  S . aureus colonize tra u m a tiz e d  connective  tissu es  an d  
b lood  clots in  w ounded  tissues b y  b ind ing  to  fib rinogen , f ib r in , f ib ro n ec tin  
an d  v a rio u s tissu e  collagens [22, 23]. B ind ing  o f S. aureus to  serum  sp read ing  
fac to r  has also been  recen tly  described  [24]. O ur p re lim in ary  s tu d ies  h av e  
in d ica ted  th a t  TSST-1 p roducing  staphy lococci also b ind  to  v itro n e c tin  know n 
as S -p ro te in  or serum  sp read ing  fac to r  (P au lsson , N aidu , D ah lb äck , W ad strö m , 
u n p u b lish ed  d a ta ) . O ur fin d in g  th a t  th e  TSS s tra in  is a h igh  collagen b in d er 
and  a low f ib ro n e c tin  an d  fib rinogen  b in d e r as com pared  to  TSST-1 p roduc ing  
non  TSS s tra in s  m ay  in d ica te  th a t  connective  tissu e  p ro te in  i.e ., collagen 
adhesion  is an  im p o r ta n t s tep  in  its  co lonization .
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COMPARISON OF THE EFFECTS OF PERITONEAL 
AND SPLEEN CELLS OF SYNGENEIC OR 

ALLOGENEIC ORIGIN ON THE TAKE 
OF TRANSPLANTABLE MURINE TUMOURS

E r i k a  K a r c z a g , J .  M i n á r o v i t s  and I . F ö l d e s

M icrobiological Research Group  
o f  the N ational In stitu te  o f  H yg iene , B udapest

(R eceived A pril 19, 1988)

W e com pared th e  e ffects of v arious p o ten tia l e ffec to r cells o f syngeneic or allogeneic 
origin on th e  tak e  of a sp o n tan eo u s ad en o carc inom a (SP 4) an d  Lewis lung  (L L) carcinom a. 
As rep o rted  earlier, syngeneic  resid en t (n o n -ac tiv a ted ) p e rito n ea l cells (PC ) did n o t in h ib it 
th e  tak e  of these  tu m o u rs . O n th e  c o n tra ry , tra n s fe r  o f re s id en t PC from  allogeneic donors 
suppressed  th e  tu m o u r ta k e . Syngeneic a n d  allogeneic PC a c tiv a te d  b y  po ly  I : C or by  a com 
b in a tio n  of in d o m e th ac in , poly I : C and  S y n cu m ar (“ com bined  t re a tm e n t” ) in h ib ited  th e  
tu m o u r tak e  to  a sim ilar ex te n t. Syngeneic spleen cells (from  u n tre a te d  m ice or from  donors 
u n d e rw en t “ com bined t r e a tm e n t” ) did n o t  in h ib it  th e  ta k e  of Lewis lung  tu m o u r. T ran sfe r 
of ac tiv a ted  allogeneic sp leen  cells re su lted  in  a  s tro n g er in h ib itio n  of tu m o u r tak e  th a n  th e  
tran sfe r o f resid en t allogeneic spleen cells.

W e d e m o n s tra te d  earlier t h a t  syngeneic m urine  p e rito n ea l cells (PC) 
ac tiv a ted  by  po ly  I  : C (a sy n th e tic  in te rfe ro n  inducer) o r b y  a com bination  
of indom ethac in , p o ly  I  : C an d  S y n cu m ar (re fe rred  to  as “ com bined t r e a t 
m e n t” ) are capab le  to  in h ib it th e  ta k e  o f c e r ta in  tra n sp la n ta b le  m urine  t u 
m ours in  ad o p tiv e  tra n s fe r  ex p erim en ts  [1, 2]. As allogeneic cells a re  capab le  
to  stim id a te  p o te n tia l a n titu m o u ra l effector cells of th e  h o st w ith o u t an y  
ac tiv a tio n  [3], we h a v e  te s ted  w h e th e r p e rito n ea l cells from  allogeneic m ice 
tre a te d  w ith  po ly  I  : C or u n d e rw en t “ com bined  t r e a tm e n t”  h av e  an  increased  
tu m o u r in h ib ito ry  c a p ac ity  th a n  syngeneic PC a c tiv a te d  th e  sam e w ay. W e 
have found th a t  a c tiv a te d  syngeneic an d  allogeneic PC in h ib ite d  th e  ta k e  of 
SP4 an d  Lewis lu n g  (LL) tu m o u r to  a sim ilar e x te n t.

The spleen also contains p o te n tia l a n titu m o u ra l effector cell popu la tio n s 
such as n a tu ra l k ille r (N K ) cells an d  n a tu ra l  cy to to x ic  (NC) cells an d  p o ly  
I  : C is know n to  enhance th e  tu m o u ric id a l p o te n tia l o f splenic n a tu ra l k ille r 
cells [4-6]. W e co m p ared , th e re fo re , th e  se n s itiv ity  o f L L  carcinom a to  sy n g e
neic PC an d  sp leen  cells. S urp rising ly , syngeneic  spleen cells (resident or from  
m ice u n d erw en t “ com bined  t r e a tm e n t” ) d id  n o t in h ib it th e  ta k e  of LL  tu m o u r, 
th ough  LL  tu m o u r  cells are  k n o w n  to  he  sensitive  to  N K  cells in  v itro  [4].
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T his ind ica tes th a t  a c tiv a te d  PC are  d iffe ren t from  N K  an d  NC cells. On th e  con
t r a ry ,  tra n sfe r  of allogeneic spleen cells (resident or ac tiv a ted ) suppressed  th e  
ta k e  of L L  tu m o u r. A c tiv a tio n  o f h o s t effector cells as well as allogeneic ly m 
p h o cy te  cy to to x ic ity  could  c o n tr ib u te  to  th is  effect [3, 7 -10].

M aterials and m ethods

A n im a ls . Seven to  e ig h t w eeks old B a lb /c  an d  C 57Black/6 in b red  m ice (L A T I, Gödöllő, 
H u n g a ry ) were used.

Tum ours. A  sp o n tan eo u s ad en o carc inom a (SP4) of a fem ale B a lb /c  m ouse orig in  was 
estab lish ed  as a tra n s p la n ta b le  tu m o u r in  o u r lab o ra to ry . I t  w as m a in ta in ed  in  syngeneic 
fem ale  mice by  serial t r a n s p la n ta t io n  in jec tin g  2 x  105 cells in tram u scu la rly . Lewis lu n g  carci
n o m a  (LL) was m ain ta in ed  in  syngeneic fem ale  m ice by  in jec ting  2 X 105 cells in tram u scu la rly .

Chemicals. Po ly  I : C sodium  sa lt A g rad e  L o t 702045 (C albiochem , L a Jo lla , Ca, USA) 
w as d issolved in  saline an d  k e p t a t  4 °C o v e rn ig h t before use. In d o m eth ac in  (C hinoin, B u d a 
p e s t)  was dissolved in 96%  e th an o l to  a c o n ce n tra tio n  of 10 m g/m l an d  fu r th e r  d ilu ted  in  saline 
to  th e  a p p ro p ria te  final co n ce n tra tio n  im m ed ia te ly  before a d m in is tra tio n . I t  was th e n  in jec ted  
in  a fine  suspension form . S y n cu m ar, 3 -(a)4 -n itropheny l(-|$ace ty le thy l)-4 -hydroxy-coum arin , 
a  g ift o f A lkalo ida (T iszavasvári, H u n g a ry ) w as dissolved in ste rile  saline c o n ta in in g  0.1 N  

N a O H  and  n eu tra lized  w ith  0.1 N  HC1. S y n cu m ar so lu tions were p rep ared  fresh ly  before  a d 
m in is tra tio n .

Treatment o f an im als. Mice were in je c te d  w ith  100 fig  po ly  I : C in tra p e rito n ea lly  18 h  
befo re  cell collecting. A lte rn a tiv e ly , th ey  w ere in jec ted  w ith  100 fig  in d o m e th ac in , 100 fig  poly 
I : C a n d  100 fig Sy n cu m ar in tra j^e rito n ea lly , 42, 18 an d  3 h  before cell collecting, resp ec tiv e ly  
(“ com bined  tre a tm e n t” , as described p rev io u sly  [2]).

Peritoneal cells (P C ) .  Cells w ere o b ta in e d  b y  peritonea l lavage  using  2.0 m l of m edium  
199 co n ta in ing  10 т м  H E P E S . T he collected  PC w ere w ashed tw o tim es w ith  th e  sam e m edium  
a t  4 °C and  th en  coun ted . W ashed  PC w ere resu sp en d ed  in sterile  saline before tran sfe r.

Spleen cells. P re p a ra tio n  of spleen cell suspensions and lysis o f red  blood cells w as p e r
fo rm ed  as described by  M ishell e t al. [11]. T h e  cells were w ashed tw ice in m edium  199 c o n ta i
n in g  10 т м  H E P E S  and  resu sp en d ed  in  ste rile  saline before transfer.

Separation o f adherent and non-adherent cells. A d h eren t and  n o n -ad h eren t cells w ere sepa
ra te d  by  p las tic  adherence. B riefly , PC or sp leen  cells were m ain ta in ed  fo r 2 h  in  p las tic  t is 
sue cu ltu re  dishes in  m edium  199 co n ta in ing  10 т м  H E P E S  and  10%  fe ta l calf serum  a t  37 °C 
in  a  5 %  CO., a tm osphere. N o n -a d h ere n t cells d e tach ed  were rem oved  by  carefu l rep ea ted  
w ash ings w ith  w arm  cu ltu re  m edium , a n d  tre a te d  w ith  carbony l iro n  -f- m ag n e t [12] to 
rem o v e  th e  rem ain ing  p h ag o cy tic  cells. A fte r  w ash ing  tw o tim es w ith  m edium  199 a t  4 °C, 
n o n a d h e re n t cells were resu sp en d ed  in  sterile  saline.

E xperim ental procedure. T he effect o f PC  a n d  spleen cells on tu m o u r ta k e  w as te s te d  
b y  m eans of th e  W inn’s assay  [13]. PC or spleen cells and cell suspensions o f th e  tu m o u r cells 
w ere p rep ared  in  co n cen tra tio n s in d ica ted  a n d  m ixed  im m edia te ly  before in tra m u sc u la r  in je c 
tio n  in to  th e  r ig h t th ig h  of th e  recip ien t m ice. T h ey  were m onito red  tw o  tim es w eekly  for 
tu m o u r  ap p earance  and  g row th . T um ours could be de tected  by  p a lp a tio n  w hen th e y  w ere a p 
p ro x im a te ly  3 m m  in d iam ete r. T he tw o d im ension  d iam eters of grow ing tu m o u rs  w ere m ea
su red  su b sequen tly . G roups of rec ip ien t m ice consisted  of a t  least ten  anim als.

R esu lts

R esiden t syngeneic PC , as re p o rte d  earlier [1], s tim u la ted  th e  ta k e  of 
S P4 adenocarcinom a; on th e  co n tra ry , re s id en t PC from  allogeneic m ice in h ib 
ite d  th e  ta k e  of th e  tu m o u r (F ig. 1).

PC from  poly  I : C s tim u la ted  syngeneic  and  allogeneic m ice in h ib ite d  
th e  ta k e  of SP4 tu m o u r (F ig . 2).
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Fig. 1. E ffec t o f re s id en t PC on  th e  ta k e  of SP4 adenocarc inom a. R e c ip ien t m ice w ere in o cu la t
ed w ith  2 x lO ä SP4 cells (----------) an d  w ith  2 x l 0 5 SP4 cells m ix ed  w ith  re sid en t PC from
syngeneic B alb /c  m ice ( — . —) o r from  allogeneic C 57B1/6 m ice ( — . . —). PC : tu m o u r

cell ra tio , 10 : 1

100

50

Fig. 2. E ffec t of p o ly  I  : C a c tiv a te d  PC on th e  ta k e  of SP4 ad en o carc inom a. R ecip ien t m ice
were in ocu la ted  w ith  2 X 105 SP4 cells (----------), w ith  2 X 105 SP4 cells m ixed w ith  po ly  I  : C
ac tiv a ted  PC from  syngeneic  B a lb /c  m ice ( д  — д )  o r from  allogeneic C57B1 6 mice ( ---------------).

PC : tu m o u r cell ra tio , 25 : 1

B oth  re s id e n t allogeneic PC an d  PC from  allogeneic donors u n d e rw en t 
“ com bined t r e a tm e n t”  suppressed  th e  ta k e  o f L L  carc inom a; tra n sfe rr in g  o f 
ac tiv a ted  PC, how ever, re su lted  in  a m ore m ark ed  in h ib itio n  o f tu m o u r ta k e  
(Fig. 3).

N o n -ad h eren t PC from  syngeneic an d  allogeneic m ice und erw en t “ co m 
bined t r e a tm e n t”  in h ib ite d  th e  ta k e  of LL  tu m o u r to  a sim ilar e x te n t (F ig . 4).
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Fig. 3. E ffec t of allogeneic P C  on th e  ta k e  o f Lew is lung  (L L) carcinom a. R ecip ien t m ice w ere
in o cu la te d  w ith  105 LL  cells (---------- ), w ith  105 L L  cells m ixed w ith  PC from  u n tre a te d  B alb /c
m ice or from  B a lb /c  m ice u n d e rw en t “ com bined tr e a tm e n t”  (□  — □). PC : tu m o u r

cell ra tio , 50 : 1
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F ig . 4. E ffec t of a c tiv a ted  p la s tic  n o n -ad h eren t PC  on th e  ta k e  of Lewis lung  (L L ) carcinom a.
R ec ip ien t m ice were in o cu la ted  w ith  10° LL  cells (---------), w ith  10° L L  cells m ixed  w ith
p las tic  n o n -ad h eren t PC fro m  syngeneic C 57B1/6 m ice u n d erw en t “ com bined  t re a tm e n t” 
( — — — —) or from  allogeneic B alb /c  m ice u n d e rw en t “ com bined t r e a tm e n t” (□  — □).

PC : tu m o u r cell ra tio , 50 : 1

Syngeitcie res id en t sp leen  cells or sp leen cells from  syngeneic donors 
u n d e rw e n t “ com bined t r e a tm e n t”  d id  n o t in h ib it th e  ta k e  of L L  tu m o u r
(F ig . 5).

P la s tic  n o n -ad h eren t cells se p a ra te d  fron t spleens of u n tre a te d  syngeneic 
donors or from  spleens o f syngeneic m ice u n d e rw en t “ com bined  t re a tm e n t did 
n o t e ith e r  suppress th e  ta k e  of LL tu m o u r. P lastic  n o n -ad h e ren t re s id en t PC

Acta Microbiologica Hungarica 36, 1989



COMPARISON OF PER IT O N E A L  AND SPLEEN  CELLS 29

from  syngeneic m ice were also ineffec tive, w hile p lastic  n o n -a d h e re n t PC from  
syngeneic m ice u n d erw en t “ com bined  t r e a tm e n t” proved  to  be tu m o u r-in h ib - 
i t° ry j[2 ]  (F ig. 6).
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F ig. 5. E ffec t o f syngeneicTspleen cells and  PC on th e  tak e  of Lew is lung  carcinom a (LL).
R ecip ien t m ice w ere in ocu la ted  w ith  105 LL  cells (------—), w ith  10° L L  cells m ixed  w ith
spleen cells from  u n tre a te d  C57B1/6 m ice ( X — — X ) or from  C57B1/6 m ice u n d e rw en t “ com 
b ined  tr e a tm e n t”  (o  — — o ). One group  of m ice in o cu la ted  w ith  105 L L  cells m ixed w ith  PC 
from  C57B1/6 m ice u n d erw en t “ com bined  tr e a tm e n t”  served as p ositive  co n tro l ( — — — —)
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Fig. 6. E ffec t o f  syngeneic p las tic  n o n -a d h ere n t spleen cells and  PC on th e  ta k e  of Lewis lung  
(L L ) carc inom a. R ecip ien t m ice w ere in o cu la ted  w ith  105 LL cells ( — ), w ith  10° LL
cells m ixed  w ith  p lastic  n o n -a d h e re n t PC from  u n tre a te d  C57B1/6 m ice ( — . —) or from  
C57B1/6 m ice u n d erw en t “ com bined  tr e a tm e n t”  ( — — — —). O th e r g roups o f m ice w ere 
in o cu la ted  w ith  105 LL  cells m ixed  w ith  sp leen  cells from  u n tre a te d  C57B1/6 m ice (x — X) 

or from  C57B1/6 m ice u n d e rw en t “ com bined t re a tm e n t”  ( o  — o )
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F ig. 7. E ffec t o f a llogeneic sp leen  cells on th e  ta k e  of Lewis lung  (L L ) carcinom a. R ecip ien t
m ice w ere ino cu la ted  w ith  105 L L  cells (----------), w ith  105 L L  cells m ixed w ith  spleen cells
fro m  u n tre a te d  B a lb /c  m ice ( x  X — X X ) or fro m B a lb /c m ic e u n d e rw e n t “ com bined tr e a tm e n t”

( o o ------o o )

R esiden t sp leen  cells from  allogeneic donors d e layed  th e  ta k e  o f LL  
tu m o u r, tra n sfe r  o f sp leen  cells from  allogeneic m ice u n d erw en t “ com bine 
tr e a tm e n t” , how ever, re su lted  in  a m ore m ark ed  suppression  of tu m o u r ta k e
(Fig- 7).

D iscussion

In  a prev ious s tu d y  we have show n th a t  PC an d  n o n-adheren t cells 
sep a ra te d  from  PC o f p o ly  I  : C tre a te d  syngeneic m ice m ark ed ly  in h ib ite d  
th e  ta k e  of a chem ically  induced  fib ro sa rco m a and  a spon tan eo u s ad en o carc i
nom a in  W in n -ty p e  ex p erim en ts  [1]. P o ly  I  : C -stin ra la ted  syngeneic PC, 
how ever, failed to  su p p ress  th e  tak e  o f L L  carc inom a an d  P815 m asto cy to m a; 
only  tra n sfe r  of PC o b ta in e d  from  m ice tre a te d  w ith  a co m bina tion  of indo- 
m e th ac in , poly  I  : C an d  S yncum ar in h ib ite d  th e  ta k e  o f L L  carcinom a, an d  
even th ese  cells d id  n o t in fluence  th e  g row th  of th e  P815 m astocy tom a [2].

As tra n sfe rre d  n o n -a c tiv a te d  allogeneic cells per se are  capable to  s tim u 
la te  p o te n tia l a n titu m o u r  al effector cells o f th e  h ost [3] an d  to  suppress tu m o u r  
ta k e  (Figs 1, 3, 7) we h a v e  te s ted  w h e th e r PC from  allogeneic donors in jec ted  
w ith  po ly  I  : C or u n d e rw e n t “ com bined  t r e a tm e n t”  suppress th e  ta k e  of 
SP4 tu m o u r and  L L  carc in o m a m ore effic ien tly  th a n  sim ilar cells of syngeneic 
m ice. W e have found  no m ark ed  differences. W e also co m p ared  th e  effect of 
syngeneic spleen cells a n d  PC on th e  ta k e  o f LL  carc inom a, a tu m o u r suspecti- 
ble to  th e  a tta c k  of sp leen  N K  cells in  v itro  [4]. Syngeneic spleen cells from  
u n tre a te d  mice or from  donors und erw en t “ com bined  tr e a tm e n t” failed to
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in h ib it th e  ta k e  of LL tu m o u r . T hus, th e  effector cells in  th e  PC pop u la tio n  
m ed ia tin g  th e  suppression o f  th e  ta k e  of L L  tu m o u r seem  to  be d iffe ren t from  
splenic effector cells responsib le  for n a tu ra l  cell-m ediated  c y to to x ic ity  [5, 14]. 
C o n tra ry  to  syngeneic sp leen  cells, tra n s fe r  o f allogeneic sp lenocy tes resu lted  
in  in h ib itio n  of th e  ta k e  o f  L L  tu m o u r. T h is effect can  be ex p la in ed  e ither 
b y  ac tiv a tio n  of a n titu m o u ra l effector cells of th e  host [3], or b y  cy to tox ic  
a c tiv ity  o f th e  tran sfe rred  cells [7—10]. A llogeneic spleen cells recognize e ither 
th e  p ro d u c ts  of th e  m a jo r h is to co m p a tib ility  com plex [7] on th e  surface of 
tu m o u r  cells if  p resen t, or o th e r tu m o u r-a sso c ia ted  an tigens [8, 15] and  re 
cogn ition  s tru c tu res  [5].

In  conclusion, our d a ta  show  th a t  a c tiv a te d  PC of syngeneic o r allogeneic 
m ice are  capable to  suppress th e  ta k e  o f  m alig n an t tu m o u rs . T h e ir tu m o u r- 
in h ib ito ry  p o ten tia l is com parab le  to  t h a t  o f ac tiv a ted  allogeneic spleen cells. 
N o n -ad h e ren t ac tiv a ted  PC seem to  be d iffe ren t from  NC an d  N K  cells and  
are p o te n tia l cand ida tes in  im m u n o th e ra p y  of ce rta in  m a lig n an t tu m o u rs .
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CHARACTERIZATION OF ACTIVATED PERITONEAL 
CELLS INHIRITING THE TAKE 

OF TRANSPLANTARLE MURINE TUMOURS

J . M i n á r o v i t s , E r i k a  K a r c z a g  a n d  I .  F ö l d e s

M icrobiological Research Group o f  the N ational 
In stitu te  o f  H ygiene , B udapest

(R eceived April 19, 1988)

W e s tu d ied  th e  p ro p e rtie s  o f  ac tiv a ted  p e rito n ea l cells (PC ) in h ib itin g  th e  tak e  of SP4 
spontaneous adenocarc inom a a n d  Lewis lung carc inom a in  syngeneic mice. T rea tm en t o f th e  
poly I : C a c tiv a te d  PC from  B a lb /c  mice suppressing  th e  tak e  of S P 4  tu m o u r w ith  an ti-as ia lo  
GM1 an tib o d y  a n d  com plem ent before tran sfer did n o t affec t th e ir  tu m o u r-in h ib ito ry  p o ten tia l. 
PC from  B a lb /c  nu d e  mice t r e a te d  w ith  po ly  1 : C also in h ib ited  th e  tak e  of SP4 tu m o u r. 
Spleen cells fro m  u n tre a te d  or p o ly  I : C tre a te d  B a lb /c  and  B a lb /c  nu d e  mice, how ever, did 
no t in h ib it th e  ta k e  of SP4 adenocarc inom a. T re a tm e n t o f p e rito n ea l cells ac tiv a ted  by  a com 
b ination  of po ly  I : C, in d o m e th ac in  and  Sy n cu m ar (referred  to  as “ com bined t r e a tm e n t” ) 
w ith  an ti-asia lo  GM1 a n tib o d y  a n d  com plem ent could  n o t, or cou ld  only p a r tly  abo lish  th e ir  
tu m o u r-in h ib ito ry  p o ten tia l. T h e  cells m edia ting  th e  suppression  of th e  tak e  of Lewis lung  
tu m o u r p ro v ed  to  be T hy-1 ,2±, L y t-1 ~ , L y t 2 ,2 “  cells. W e conclude th a t  th e  a c tiv a te d  p e ri
tonea l cells in h ib itin g  th e  ta k e  o f SP4 adenocarcinom a and  Lew is lung  tu m o u r are d iffe ren t 
from  N K  cells, NC cells a n d  L A K  cells and rep re sen t a d is tin c t a n titu m o u ra l effec to r cell 
p opu lation .

W e re p o rte d  earlie r th a t  peritonea l cells (PC) from  poly I : C tr e a te d  
B alb /c  m ice in h ib it th e  ta k e  of a spon taneous adenocarcinom a (SP4) a n d  a 
b enzpyrene  induced  fib ro sa rco m a (B a F l)  in  syngeneic m ice [1]. The cells re 
sponsible fo r th e  tu m o u r- in h ib ito ry  effect p roved  to  be p lastic  n o n -ad h e ren t 
cells in  case o f SP4 tu m o u r ; bo th  p lastic  ad h e ren t an d  n o n-adheren t cells co n 
tr ib u te d , how ever, to  th e  in h ib itio n  of th e  ta k e  of B a F l  fib rosarcom a [1]. T he 
ta k e  o f Lew is lung carc in o m a (LL) could n o t be in h ib ite d  b y  p erito n ea l cells 
from  poly  I  : C tre a te d  syngeneic m ice; p e rito n ea l cells ac tiv a ted  by  a com 
b in a tio n  o f  in d o m eth ac in , poly  I  : C an d  S yncum ar (“ com bined t r e a tm e n t” ), 
how ever, in h ib ite d  th e  ta k e  of LL  tu m o u r [2]. T he cells m ed ia ting  th is  effect 
also p ro v ed  to  he p lastic  n o n -ad h eren t cells. H ere  we re p o r t  a fu rth e r  c h a ra c te r 
iza tion  o f ac tiv a ted  p e rito n ea l cells m ed ia tin g  th e  in h ib itio n  of th e  ta k e  of 
SP4 and  L L  tu m o u rs .

B ased  on neg a tiv e  selection  ex perim en ts using  various an tib o d ies  plus 
com plem ent and  based  on th e  resistance  o f SP4 an d  LL  tu m o u rs  to  sp leen  
cells (see also our accom pany ing  paper), we conclude th a t  th e  a c tiv a te d  p las tic

J ános M in á r o v it s , E r ik a  K a r c za g , I stv á n  F ö l d e s* 
N a tio n a l I n s t i tu te  o f  H ygiene, M icrobio logical R esearch  G roup 
P ih en ő  ú t  1, H -1529  B u d ap es t, H u n g a ry

* C orrespond ing  a u th o r
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n o n -ad h eren t PC in h ib itin g  th e  ta k e  of th e se  tum ours, a re  d iffe ren t from  n a tu 
r a l  killer, n a tu ra l cy to to x ic  (NC) an d  ly m p h o k in e  ac tiv a te d  k ille r (L A K ) cells 
[3—14] and rep re sen t a d is tin c t a n titu m o u ra l effector cell p o p u la tio n .

M aterials and m ethods

A nim als. Seven to  e ig h t weeks old in b red  B a lb /c  and C57B1/6 m ice (L A T I, Gödöllő, 
H u n g a ry )  were used . S even  w eeks old B a lb /c  n u d e  m ice were p u rch ased  fro m  th e  Biological 
R esea rch  C enter, Szeged, H u n g ary .

Tum ours and chemicals used  w ere th e  sam e as described in th e  acco m p an y in g  a rtic le  [15].
Treatment o f  an im a ls. B a lb /c  fem ale  m ice w ere in jec ted  w ith  100 pg  po ly  I  : C in tra -  

p e rito n ea lly  18 h  before  cell collecting. C 57B1/6 fem ale  mice were in je c te d  w ith  100 p g indo- 
m e th a c in , 100 p g p o ly  I : C and  100 fig  S y n c u m ar in trap erito n ea lly  42, 18 and  3 h  before cell 
co llecting , respec tive ly , as described p rev io u sly  [2].

Peritoneal cells w ere collected  as described  in  th e  accom panied  a rtic le  [15].
Separation o f  p la stic  adherent and non-adherent cells. PC w ere m a in ta in ed  fo r 1 h  in 

p la s tic  tissue cu ltu re  d ishes in m edium  199 c o n ta in in g  10 m M  H E P E S  a n d  10%  fe ta l calf 
s e ru m  a t 37 °C in  a  5 %  C 0 2 a tm osphere . N o n -a d h e re n t cells were rem oved  b y  a careful rep ea ted  
w ash in g  w ith  w arm  c u ltu re  m edium . N o n -a d h e re n t cells were trea te d  w ith  carbony l iro n  -f- 
m a g n e t  [16] to  rem o v e  rem ain in g  ph ag o cy tic  cells a n d  w ashed tw o tim es  w ith  m edium  199 
a t  4 °C before t re a tm e n t  w ith  an tise ra  -f- co m p lem en t, or were passed  o ver a  ny lon  f ib e r co
lu m n  im m ediately  a f te r  rem o v a l from  th e  p las tic  tis su e  cu ltu re  dishes.

Passage o f  p lastic  non-adherent P C  over a nylon  fib e r  column. F o r th e  sep a ra tio n  of cells 
b y  n y lo n  wool ad h eren ce , a  sligh tly  m odified  m e th o d  of Ju liu s e t al. [17] w as used . A 10 m l 
sy rin g e  was filled w ith  0.85 g of sterile  w ashed an d  d ried  nylon wool. T he co lum n w as p re in cu 
b a te d  w ith  m edium  199 co n ta in in g  10 т м  H E P E S  a n d  10%  feta l ca lf se ru m  an d  filled  w ith  
p la s tic  n o n -ad h eren t PC  resu sp en d ed  in th e  sam e c u ltu re  m edium  (5 m l cell suspension pe r 
co lu m n ). T hen th e  co lu m n  w as closed an d  in cu b a te d  a t  37 °C in a 5%  C 0 2 a tm o sp h e re  for 1 h. 
N y lo n  wool n o n -ad h eren t cells w ere collected  b y  w ash ing  slowly th e  co lum n w ith  20 m l p re 
w a rm e d  culture  m edium . T h ey  w ere w ashed tw o tim es in  m edium  199 a t  4 °C before tre a tm e n t 
w i th  an tise ra  plus co m plem en t.

Treatment o f  PC  w ith  antisera p lu s  complement. All trea tm e n ts  w ere pe rfo rm ed  u n d e r 
co n d itio n s  recom m ended  b y  th e  suppliers o f th e  an tib o d ies . P lastic  n o n -a d h e re n t o r p las tic  
a n d  n y lo n  wool n o n -a d h e re n t PC w ere resu sp en d ed  in  m edium  199. M ouse an ti-T hy-1 ,2  m o
n o c lo n a l an tibody , m ouse a n ti-L y t-2 ,2  m onoclonal a n tib o d y  (Cedarlane L ab o ra to rie s , H o rn b y , 
O n ta r io , Canada) or n o rm a l ra b b it  serum  used  as co n tro l was added to th e  cells in  a f in a l con
c e n tra t io n  of 1 : 20 a n d  th e y  w ere in cu b a ted  a t  4 °C fo r 60 m in. T hen  th e  cells w ere c en tri
fu g e d  a n d  resuspended  in  m ed iu m  199 co n ta in in g  gu in ea  pig com plem ent (H u m a n , B u d ap es t)  
in  a  f in a l co ncen tra tion  o f 1 : 20. A fter in cu b a tin g  a t  37 °C for 45 m in in  a 5 %  C 0 2 a tm o sp h ere , 
th e  cells were w ashed in  m ed iu m  199, cen trifu g ed  a n d  resuspended  in sterile  saline.

T rea tm e n t of cells w ith  ra b b it  an ti-as ia lo  GM1 an tib o d y  (W ako Chem icals, N euss, 
F R G )  or w ith  contro l r a b b it  se rum  was perfo rm ed  as follow s: PC were in c u b a te d  in  m edium  
199 co n ta in in g  a 1 : 100 or 1 : 50 d ilu tion  of th e  a n tise ru m  a t room  te m p e ra tu re  for 60 m in, 
c en trifu g e d , and resu sp en d ed  in  m edium  199 c o n ta in in g  guinea pig com p lem en t in a final 
c o n ce n tra tio n  of 1 : 5. A fte r  in cu b a tin g  a t  37 °C fo r 45 m in  in  a 5%  C 0 2 a tm o sp h ere , th e  
cells w ere  washed in m ed iu m  199, cen trifuged  an d  resu sp en d ed  in sterile  sa line . T re a tm e n t o f 
PC  w ith  ra t  an ti-L y t-1  m onoclonal a n tib o d y  (Sera L ab  L td , Crawley D ow n, Sussex, E n g lan d ) 
d i lu te d  1 : 50 and gu inea  p ig  com plem en t d ilu ted  1 : 40 w as perform ed in a single step  a t  37 °C 
fo r 37 m in . A fter w ash ing  in  m ed iu m  199 th e  cells w ere resuspended  in ste rile  saline.

Spleen cells. P re p a ra t io n  of spleen cell suspensions from  spleens o f u n tre a te d  or po ly  
I : C tre a te d  B alb/c an d  B a lb /c  nu d e  m ice and  lysis o f  red  blood cells was pe rfo rm ed  as de
sc rib ed  b y  Mishell e t al. [18]. T he cells were w ashed  tw ice  in  m edium  199 co n ta in in g  10 т м  
H E P E S  and  resuspended  in  s te rile  saline before tran sfe r .

Experim ental procedure  was sim ilar to  th a t  d escribed  in th e  accom pany ing  article .
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F ig. 1. E ffec t o f an ti-asia lo  GM1 a n tib o d y  p lus com plem ent t r e a tm e n t  on th e  tu m o u r-tak e  
in h ib ito ry  action  of p las tic  n o n -a d h ere n t PC  from  poly I : C t r e a te d  m ice. Mice w ere inocu la ted
in tram u scu la rly  w ith  2 X 10s SP4 tu m o u r cells (--------- ) an d  w ith  2 X 105 SP4 cells m ixed w ith
p o ly  I : C a c tiv a ted  p las tic  n o n a d h e re n t PC tre a te d  w ith  e ith e r no rm al ra b b it  serum  plus 
com plem en t (A — a ) or ra b b it  an ti-as ia lo  GM1 a n tib o d y  p lu s com plem en t ( — — — —).

PC : tu m o u r cell ra tio , 1 8 :1

Fig. 2. C om parison of th e  effects of PC an d  spleen cells from  B a lb /c  nude mice and  spleen cells 
from  B alb /c  mice on th e  tak e  of SP4 adenocarcinom a. Mice w ere in o cu la ted  in tram u scu la rly
w ith  2 X 105 SP4 cells (----------) an d  w ith  2 X 105 SP4 cells m ixed  w ith  PC (Л Д  — д д )
or spleen cells ( x  X — X X )  from  p o ly  I  : C trea te d  B a lb /c  n u d e  mice. O th er groups of mice 
w ere in o cu la ted  w ith  2 X 10s SP4 cells m ixed  w ith  spleen cells fro m  u n tre a te d  B a lb /c  n ude  mice 
( O O  —  O O )  a n d  from  u n tre a te d  (□  — □) or poly I : C tre a te d  ( — . .  —) B a lb /c  mice.

E ffec to r cell : tu m o u r cell ra tio , 50 : 1
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R esults

P re tre a tm e n t o f  po ly  I  : C a c tiv a te d  p lastic  n o n -ad h e ren t PC w ith  an ti- 
asia lo  GM1 a n tib o d y  p lus com plem en t d id  n o t in fluence  th e  c a p a c ity  of these 
cells to  suppress th e  ta k e  of SP4 tu m o u r  (F ig. 1). Spleen cells from  u n tre a te d  
a n d  po ly  I  : C t r e a te d  B alb /c  or B alb /c  n u d e  m ice d id  n o t in h ib it th e  ta k e  of 
S P4 adenocarcinom a; PC from  po ly  I  : C tre a te d  B alb/c n u d e  m ice, how ever, 
in h ib ite d  th e  ta k e  o f  S P4 tu m o u r  (F ig . 2).

100 -

0 *
0

- Д  — д — Д —  Д —  Д —  д

д
I4

■ Д — Д — Д -U — — — — — — ■

10 20 30

Days af ter  tumour  inoculat ion

40

100

50

0 : 
0

Days a f t e r  tumour  inoculat ion

40

F ig . 3. E ffec t of an ti-asia lo  GM1 an tib o d y  p lu s com plem en t tre a tm e n t on th e  tu m o u r- ta k e  in 
h ib ito ry  a c tio n  of p lastic  a n d  n y lo n  wool n o n -a d h ere n t PC from  m ice u n d e rw e n t “ com bined 
t r e a tm e n t” . Mice were in o cu la te d  in tra m u sc u la r ly  w ith  105 Lewis lung  (L L ) carc inom a cells
(---------- ) an d  w ith  1 05 L L  cells m ixed  w ith  p las tic  an d  ny lon  wool n o n a d h e re n t a c tiv a te d  PC
tre a te d  w ith  e ither n o rm al r a b b it  se rum  plus com plem en t (д — д) or ra b b it  an ti-asia lo  GM1 
a n tib o d y  plus com plem ent ( — — — —). PC : tu m o u r cell ra tio , 45 : l. D ilu tio n  of sera, 1/50 

(u p p e r  figu re) an d  1/100 (lower figure)
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Fig. 4. E ffec t of an ti-T h y -1 ,2 , an tiL y t-1  o r an ti-L y t-2 ,2  a n tib o d y  p lu s com plem en t tre a tm e n t 
on th e  tu m o u r-ta k e  in h ib ito ry  effect o f p las tic  n o n -ad h eren t PC from  m ice u n d e rw en t “ com 
b ined  tre a tm e n t” . Mice w ere in o cu la ted  in tra m u sc u la rly  w ith  105 Lewis lung  (L L ) carcinom a
cells (---------- ) and  w ith  105 L L  cells m ixed  w ith  ac tiv a ted  PC tre a te d  w ith  n o rm al ra b b it  serum
plus com plem ent (д — a ) ,  an ti-T hy-1 ,2  an tib o d y  p lus co m plem en t ( — . —), an ti-L y t-1  
an tib o d y  p lus com plem en t ( x  — X) or a n ti  L y t-2 ,2  a n tib o d y  p lu s com plem en t (o — o)

T re a tm e n t o f p lastic  and  ny lo n  wool n o n -ad h eren t PC from  C57B1/6 
m ice u n d erw en t “ com bined  t r e a tm e n t” w ith  an ti-asia lo  GM1 a n tib o d y  plus 
com plem ent could n o t, or could on ly  p a rtly , abolish th e ir  cap ac ity  to  in h ib it 
th e  ta k e  of L L  tu m o u r  (Fig. 3). T re a tm e n t of p lastic  n o n -ad h e ren t ac tiv a te d  
PC w ith  an ti-L y t-1  or an ti-L y t-2 ,2  m onoclonal a n tib o d y  plus com plem ent did 
n o t abolish  th e ir  tu m o u r- in h ib ito ry  p o ten tia l, e ith e r; tre a tm e n t w ith  an ti- 
T hy-1 ,2  m onoclonal a n tib o d y  plus com plem ent, how ever, p a rtia lly  ab ro g a ted  
th e  tu m o u r-su p p ressin g  effect o f a c tiv a te d  PC (F ig . 4).

D iscu ssion

In  p rincip le , each  cell ty p e  cap ab le  of selective suppression  o f th e  g row th  
o f neop lastic  cells (w ith o u t th e  d estru c tio n  o f n o rm a l cells) is a p o ten tia l 
can d id a te  for tu m o u r  th e ra p y . Specifically  sensitized  T  cells m ay  be effective 
in  th e  th e ra p y  o f im m unogenic  tu m o u rs  [9, 19]; o th e r  cell ty p e s  (m acrophages, 
N K  cells, NC cells an d  LA K  cells) could be used  for th e  tre a tm e n t of b o th  
im m unogenic  an d  non-im m unogenic  neoplasm s [3-9 , 20-25]. W e d e m o n s tra t
ed earlie r th a t  po ly  I  : C a c tiv a te d  PC co n ta in  m or e th a n  one a n titu m o u ra l 
effector cell p o p u la tio n  [1].

In  th e  p resen t s tu d y  th e  p las tic  n o n -ad h eren t effector cells p resen t in  
po ly  I  : C a c tiv a te d  PC w ere show'n to  be re s is ta n t to  tre a tm e n t w ith  an ti- 
asialo  GM1 a n tib o d y  plus com plem ent. In  ad d itio n , we could n o t d e tec t sim ilar
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cells in  spleens o f  u n tr e a te d  or po ly  I  : C t r e a te d  B alb /c  n u d e  mice. T hus, 
th e  ac tiv a ted  p la s tic  n o n -a d h e re n t PC, in h ib itin g  th e  ta k e  o f SP4 tu m o u r are  
d iffe ren t from  N K  cells, since N K  cells are  asialo GM1 po sitiv e  cells [13] and  
th e y  are  p resen t in  h ig h  levels in  B alb /c  n ude  spleens [3]. T he ac tiv a ted  PC 
a re  m ost p ro b ab ly  d iffe re n t from  NC cells and  th e y  are  n o t in  vivo genera ted  
L A K  cells, e ither, s ince  spleens of n o rm al B alb /c  m ice (a r ich  source of NC cells 
a n d  LA K  p recursors [5, 7]) do n o t co n ta in  effector cells capab le  to  in h ib it th e  
ta k e  o f SP4 tu m o u r  (F ig . 2).

P lastic  n o n -a d lie re n t, n on -phagocy tic  cells m ed ia te  th e  in h ib ito n  of th e  
ta k e  o f LL tu m o u r b y  PC from  m ice u n d erw en t “ com bined  t re a tm e n t”  as 
w ell [2]. Passage o v e r a ny lo n  wool co lum n d id  n o t abo lish  th e ir  tu m o u r
suppressing  effect. S ince being L y t-2 ~  cells, th e y  are m ost p ro b a b ly  n o t in  vivo 
g e n e ra te d  LAK cells (m u rin e  LA K  cells a re  know n to  be L y t-2 + cells [9]). 
T h e y  a re  no t ty p ic a l NC cells, e ith er, since th e ir  tu m o u r- in h ib ito ry  effect was 
p a r t ly  abolished b y  t r e a tm e n t  w ith  an ti-T hy-1 ,2  serum  plus com plem ent (NC 
cells a re  T h y -1 _ cells, [6]). T hey  also do n o t co rrespond  to  ty p ic a l N K  cells, 
as th e ir  tu m o u r- in h ib ito ry  cap ac ity  could  n o t, or could  be on ly  p a rtly , abol
ish ed  b y  tre a tm e n t w ith  an ti-asia lo  BM1 a n tib o d y  plus com plem ent. In  ad d i
t io n , syngeneic sp leen  cells w ere unab le  to  in h ib it th e  ta k e  o f LL  tu m o u r 
[15]. T he partia l s e n s it iv ity  of PC a c tiv a te d  b y  “ com bined  t r e a tm e n t”  to  the  
e ffec t of an ti-T hy-1 ,2  a n tib o d y  (or an ti-asia lo  GM1 an tib o d y ) an d  com plem ent 
cou ld  be  explained b y  a low  d en sity  o f ta rg e t  an tigens on th e  cell surface 
a n d /o r  a re la tive re s is ta n c e  to  co m p lem en t-m ed ia ted  lysis [11]. In  add ition , 
th e  possib ility  has to  b e  considered th a t  th e  tu m o u r- in h ib ito ry  effect o f PC 
a c tiv a te d  by  “ com bined  t r e a tm e n t” is m ed ia ted  b y  an  he te rogenous p o p u la tio n , 
o f  effec to r cells [10 -12 ].

W e conclude t h a t  th e  a c tiv a te d  p e rito n e a l cells in h ib itin g  th e  tak e  of 
S P4 adenocarcinom a a n d  L L  tu m o u r are d iffe ren t from  N K  cells, NC cells 
an d  L A K  cells and  re p re se n t a d is tin c t a n titu m o u ra l effector cell popu la tion , 
a n ove l cand idate  fo r im m u n o th e rap y .
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BIOFILM MODEL EXPERIMENTS IN VITRO 
WITH ESCHERICHIA COLI AND SHIGELLA

STRAINS*

I .  K É T Y I

Institu te  o f  M icrobiology , U niversity  M edical School,
Pécs

(R eceived M ay 9, 1988)

Escherichia coli an d  Shigella w ere c u ltu red  to g e th e r in  a  glucose-free m inim al m ed ium  
com pleted o n ly  b y  hog gastric  m ucin. In  m ixed c u ltu re s  in o cu la ted  sim ultaneously  one m em b er 
of th e  p a ir  m ore  or less overgrew  th e  o ther. T h is organism  rem ain ed  p red o m in an t w hen super- 
in fec ted  w ith  i ts  s tra in  p a ir a fte r 1, 3, 5 or 7 d ay s  in cu b a tio n . O th e r signs of th e  q uasi b iofilm  
ch arac te r o f such  cu ltu res  a re  th e  h igher level o f  free po lysaccharides an d  enhanced  v isco sity  
in  th e  m ed ium  a n d  h igher s trep to m y cin  re sis tan ce  of th e  cu ltu re . A ro u n d  th e  b a c te ria  a cap 
sule-like m a te ria l can  m orphologically  be d em o n s tra ted .

In  a  p rev ious p ap er [1] i t  w as show n  th a t  th e  a b ility  of u tiliz ing  m ucin  
is a general ch a ra c te r  o f th e  en te ric  b a c te r ia , because o f th e ir  alpha-glycosidase- 
perm ease ac tiv itie s . In  these  ex p erim en ts  a m in im al m edium  com pleted  b y  
hog gastric  m ucin  w as used  fu lfilling  th e  c rite ria  o f  th e  so called “ lim ited  
n u tr ie n t co n d itio n ” . A ccording to  C o ste rto n  et al. [2] i t  favours th e  d ev e lo p 
m en t of a b ac te ria l b iofilm . B ac te ria  in  b iofilm s are  a tta c h e d  to  som e su rface , 
p roduce  an  exopo lysaccharide m a tr ix  in  w hich  th e y  a re  re s is tan t aga in st m an y  
e x te rn a l fac to rs .

In  th is  p ap e r we d em o n stra te  th e  quasi b iofilm  ch arac ters  ex e rted  in  a 
v e ry  sim ple cu ltu ra l env ironm en t.

M aterial and m ethods

S tra in s  u sed  are  lis ted  in  T ab le  I.
M edia . A  m in im al m edium  com posed acco rd ing  to  R o th m a n  an d  Corwin [3] w as used 

w ith o u t glucose. As com plete m edia  L u ria ’s b ro th  an d  LB agar, for selective co u n tin g  of L ac + 
and  L a c -  colonies E ndo  agar was applied .

M u cin . A  hog gastric  m ucin  p re p a ra tio n  (G ran u la r M ucin, T ype  1701-W , W ilson L abs., 
Chicago, 111. U SA ) w as used  a t  5%  co n ce n tra tio n , sterilized  a t  100 °C for 1 h.

M ixe d  cultivation. M inim al m edia co m p le ted  m ostly  b y  a f in a l co n cen tra tio n  o f 0 .25%  
m ucin  w ere in o cu la ted  sim ultaneously  w ith  a b o u t 105 germ s o f tw o  stra ins . C ultures ino cu la ted  
se p a ra te ly  served  as contro l. A fte r 24 h  in cu b a tio n  a t 37 °C th e  ra te s  of th e  colony form ing  
u n its  (c .f.u .) w ere calcu la ted  by  p la tin g  on E n d o  agar, one o f th e  s tra in  pa irs being  L a c +, th e  
o th er L a c - .
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In  an o th e r series o f  ex p erim en ts on ly  one m em ber o f th e  s tra in  p a irs  was in o cu la ted  
in to  th e  above m ed iu m  a n d  in cu b a ted  a t  37 °C fo r 1, 3, 5 and  7 days. T h is s tra in  was te rm e d  
“ re s id e n t” . T h ereafte r th e  o th e r  m em ber o f th e  s tra in  p a ir was also in o cu la ted , as a “ su p er- 
in fec tin g ” stra in . T h e  in it ia l  c.f.u. ra tes  were d e te rm in ed  a t  th e  tim e of superin fec tion . A fte r  
24 h  incu b a tio n  th e  r a te  o f  re sid en t an d  su p erin fec tin g  s tra in s  was e s tim a te d  by  p la ting . M ixed 
c u ltu re s  o b ta ined  b y  sim u ltan eo u s inocu la tio n  served  as control.

E xam ina tion  o f  antagonistic factors. F o r th e  d e te rm in a tio n  of a n y  an tag o n istic  fa c to r  
w h ich  m ay  or m ay  n o t be in vo lved  in th e  re su ltin g  g ro w th  ra tes  beside th e  sim ple cross s t r e a k 
in g  te s t,  the  follow ing m eth o d  was app lied : 96 h old m in im al-m ucin  cu ltu res  of th e  te s te d  
s tra in s  were passed  th ro u g h  m em brane  filte rs  (Schleicher-Schüll, BA85, 0.45 nm , D assel, 
F R G ) an d  th e  grow ing ab ilitie s  o f th e  s tra in s  w ere te s te d  in th e  f i ltra te  o f th e ir s tra in  p a ir  
reco m p le ted  by  0 .25%  o f m ucin . A filtra te  o f th e  sam e s tra in  served as con tro l.

Determ ination o f  free  polysaccharide  c o n te n t o f 7 days old cu ltu re  f i ltra te s  was done b y  
th e  phenol-sulfuric  acid  m eth o d  of D ubois e t al. [4]. T he values w ere expressed  in  glucose 
e q u iv a len ts  per 100 p i. T h e  f i l t r a te  of a sterile  m ed iu m  a n d  th a t  of a 24 h  old cu ltu re  served  as 
co n tro l.

E stim ation  o f  viscosity  o f th e  above f i ltra te s  w as perform ed w ith  a rheo m ete r (T ype 
H E V IM E T  40). D a ta  o f  th e  m inim al ve loc ity  g ra d ie n t (1/S) and the  th resh o ld  vo ltage (M PA S) 
w ere  in fo rm ativ e  a b o u t th e  viscosity .

Sensitiv ity  o f  m in im a l-m u c in  cultures against the k illing  effect o f  streptom ycin. T he m in i
m u m  in h ib ito ry  c o n ce n tra tio n  (MIC) of s tre p to m y c in  w as de term ined  fo r b ac teria  being  in  
“ p lan c to n ic ”  phase, i.e. in  L B  cu ltu res . G raded doses o f  s trep to m y cin  w ere ad d ed  to  6 h  old an d  
7 d ay s  old m in im al-m ucin  cu ltu res . T he sim u ltan eo u s p lanc ton ic  con tro l w as th e  6 h  old LB  
c u ltu re . T he m inim al k illing  dose of s trep to m y c in  w as de term ined  by  p la tin g  a fte r  o v e rn ig h t 
in cu b a tio n .

Morphological a p p ea ran c e  of b ac teria  liv ing  in  m in im al-m ucin  cu ltu re  was s tu d ied  in  
a n  In d ia  ink  p re p ara tio n  c o u n te rs ta in ed  w ith  fuchsin .

R esults

E xperim ents w ith  m ixed cultures obtained by sim ultaneous inoculation. 
F iv e  m l a liquo ts of glucose-free m in im al m ed ium  com pleted w ith  m ucin  (0.5,
0.25, an d  0.125% ) w ere in ocu la ted  in  th is  series o f experim en ts w ith  six pa irs  
o f  E . coli and Shigella  s tra in s . The g row th  ra te s  of th e  s tra in  pa irs  w ere e s ti
m a te d  b y  p la ting . S tra in s  cu ltu red  se p a ra te ly  served  as co n tro l. B ecause th e  
g ro w th  ra tes  w ith  d iffe ren t m ucin  co n cen tra tio n s  did no t show  su b s ta n tia l d if
ferences, th e ir  m ean  values w ere com pared  (T able I). The g ro w th  ra te s  o f 
c u ltu re s  inocu la ted  s e p a ra te ly  did no t show  m ark ed  differences, th e  m ax im um

Table I

List o f  strains

D esignation M ark e r used O th e r  d a ta

Escherichia coli 0143, No. 2 L ac+ viru lent
0124, No. 34 L a c -* v iru len t

“ no rm al” , m urine** L ac+ aviru len t
Shigella sonnei, No. 87 L ac -* 1st phase is v iru len t
Shigella fle x n eri  3, No. 20780 L a c - av iru len t

* L ate  lactose fe rm en ta tio n  
** Iso la ted  from  th e  faeces o f a h ealth y  m ouse
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difference being on ly  1 : 3. O n th e  o th e r h an d , in  m ixed  cu ltu res  one of th e  
s tra in s  show ed m ore or less m ark ed  predom inance: if  E . coli 0 1 4 3  was cu ltu red  
to g e th e r w ith  E . coli 01 2 4  or Shigella flexn eri 3, i t  reach ed  a co u n t 5 and  166

Tabic II

Rates o f  groivth o f  some strains o f  E . coli and Shigella in  separated and 
m ixed cultures in  m in im a l medium  completed by granular m ucin

S tra in  p a irs R a te s  o f g ro w th  (c .f.u .), 
N o. 1: N o . 2

N o .l N o . 2
sep ara te ly
cu ltu red c o -cu ltu red

E . coli 0143 -  E . coli 0124 1: 1.2 1: 0.21
E . coli 0143 — S. sonnei 1: 0.89 1: 70.8
E. coli 0143 — S. fle x n eri  3 1: 0.41 1: 0.006
E . coli m urine -  E . coli 0124 1: 0.62 1: 0.006
E . coli m urine — S. sonnei 1: 0.49 1: 0.07
E. coli m urine — S. fle x n eri  3 1: 0.31 1: 0.14

M inim al m edia com pleted b y  g ran u la r m ucin in 0.5, 0.25 an d  0.125%  concentra tions 
were inocu lated  sep ara te ly  and sim ultaneously  w ith  th e  above s tra in  pairs. A fter incubation  a t 
37 °C for 24 h  th e  nu m b er of colony form ing u n its  (c.f.u.) was de te rm in ed  b y  p lating . The ra te s  
o f grow th were calcu la ted  from  th e  m ean values ob tained  for th e  th ree  concentra tions of m ucin

Table III

Rates o f  growth o f  E . coli and S. sonnei as “ resident” and “super infecting” 
strains in  m inim al m edium  completed by 0.25°/o granular m ucin

R e sid en t s tra in  g ro w n  fo r

1 d a y 3 days 5 d ay s 7 days

ra te s  o f c .f .u . (re s id en t: su p erin fec tin g )

In itia l ra tes
Resident strain , 

238:1
E. coli 0143 No. 2 

9.1:1 1.2:1 0.9:1
R ates a fte r m ixed 

cu ltivation  fo r 24 h 180:1 10:1 41:1 35:1

In itia l ra tes
Resident strain 

1:1
, S. sonnei No. 87 

1.7:1 0.8:1 0.7:1
R ates a fte r m ixed 

cu ltiv atio n  for 24 h 20.5:1 29:1 12.5:1 4.2:1

Control: m ixed cultivation after simultaneous inoculation  
In itia l ra te  (E . coli: S. son

nei)  4.1:1
R a te  a fte r m ixed cu ltiv a 

tion  for 24 h  1:55.3

M inimal m edia com pleted by  0.25%  of g ranu lar m ucin were f irs t  inoculated by  one o f th e  
cu ltu res (“ resid en t s tra in ” ). A fte r incubation  for 1, 3, and 7 days th e  residen t cultures were 
superinfected w ith  th e  o th er s tra in . A fter a 24 h  incubation  of th e  m ixed  culture, c.f.u. va lues 
were determ ined. The in itial ra te s  o f th e  residen t and superinfecting  stra in s  were also recorded . 
S im ultaneous inocu lation  of b o th  stra in s  served as contro l
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Table IV

Rates o f  growth o f  E . coli and S .fle x n e r i 3 as “resident” and "  super infecting” 
strains in  m in im a l m edium  completed by 0.25%  granular m ucin

R e sid en t s tra in  g ro w n  fo r

1 d ay 3 days 5 d ay s 7 days

ra te s  o f  c .f.u (res id en t: su p e rin fec tin g )

Resident stra in , E . coli “ normal” , m urine

In itia l  ra tes 1.25:1 0.35:1 1.1:1 5:1
R a te s  a fte r m ixed culti-

v a tio n  for 24 h 200:1 100:1 333:1 333:1

Resident stra in , S .fle x n e r i 3 “20780”

In itia l  ra tes 0.55:1 0.55:1 0.03:1 0.008:1
R a te s  a fte r m ixed culti-

v a tio n  for 24 h 0.15:1 0.08:1 0.04:1 0.03 :1

Control: m ixed cultivation after simultaneous inoculation

In itia l ra te
( E . coli:S. flexn eri)  3.1:1

R a te  a fte r m ixed cu ltiva
tio n  for 24 h  1:0.14

F o r exp lanation  see T ab le  I I I

tim es  h igher, re spec tive ly , th a n  th a t  o f  th e  la tte r . H ow ever, Shigella sonnei 
show ed a 70-fold increase  com pared  to  E . coli 0143 . T he E . coli s tra in  o f m urine 
o rig in  h ad  a m arked  overg row ing  a b ility  over all o f its  p a r tn e rs :  E . coli 0124 , 
S . sonnei, and  S. fle x n e r i  3 (166, 14 a n d  7-fold, respective ly , T ab le  I I ) .

E xperim ents w ith  not sim ultaneously inoculated m ixed  cultures. In  th is  
series o f experim en ts th re e  p a irs  o f s tra in s  w ere chosen an d  th e  m in im al m ucin  
m ed ia  w ere inocu lated  f i r s t  w ith  on ly  one m em ber. The su p erin fec tio n  o f th e ir

C.f. u.i

Ю9- 

I0e:

I07j 

106 - 

105- 

10"  -

0 1 3 5 7 da ys

F ig . 1. Colony form ing u n it v a lu es for s tra in s  E . coli “ m urine” ( •  — — — • )  and  S. fle x n eri  
3 “ 20780” ( •  — — — • )  cu ltu red  se p a ra te ly  fo r 7 days in m inim al m ed ium  com pleted  by

0.25%  g ra n u la r  m ucin
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cu ltu re s  w ith  th e  o th e r  m em ber of th e  p a ir  was done o n ly  a fte r in cu b a tio n s 
fo r 1, 3, 5 or 7 days. A fte r  24 h  of m ixed  in cu b a tio n  th e  c .f.u . ra tes  w ere e s ti
m a te d  b y  p la tings. S im u ltan eo u sly  in o cu la ted  m ixed  cu ltu res served  as 
con tro l.

In  th e  case of s tra in s  E .co li  01 4 3  an d  S .so n n e i (T able  I I I )  th e  p red o m 
in an ce  o f one of th e  p a r tn e rs  depended  on th e  residence: in  1, 3, 5, or 7 days 
old E . coli cu ltures sup erin fec ted  w ith  S . sonnei, th e  fo rm er rem ained  p red o m 
in a n t , a lthough  in  th e  s im u ltan eo u sly  in cu b a ted  m ix ed  cu ltu re  a m assive 
o u tg ro w th  b y  S. sonnei w as observed . T he sam e p h en o m en o n  appears in  th e  
rec ip rocal exp erim en t (T able I I I ) .

The above p a t te rn ,  nam ely  th e  overg row th  o f th e  residen t s tra in  did 
n o t ap p ear for th e  m u rin e  E . coli and  S . fle xn er i  3 p a ir . In  th is  case th e  failu re  
(T able IV) m ay be due  to  a stepw ise a n d  rap id  d ec lin a tio n  o f th e  c .f.u . values 
of th e  “ resid en t”  S. f le x n e r i  cu ltu re  (F ig . 1), losing m o re  th a n  tw o loglO ex 
p o n en ts  a t th e  end of th e  week.

The f irs t p a t te rn  w as d e m o n s tra te d  for th e  th i r d  s tra in  p a ir : m urine  E . 
coli an d  0124. In  c o n tra s t  to  an  o v erg ro w th  of 01 2 4  b y  th e  m urine  s tra in  in 
th e  con tro l (abou t 200-fold), as a re s id en t, 0124  m a in ta in e d  its  p red o m in an cy  
(T able  V). This is su rp ris in g  in  view  o f th e  fac t th a t  th e  cu ltu re  f i l t ra te  of th e  
m u rin e  E . coli m a rk e d ly  suppressed  th e  g row th  of 0 1 2 4  (Table V I). No such 
a f iltra b le  an tag o n is tic  fa c to r  was d e te c te d  in cases o f  th e  o th e r s tra in  pairs.

Table V

Rates o f  growth o f  E . coli murine and 0124 as “ resident” and  “ superinfecling” 
strains in  m in im al medium  completed by 0.25%  granular m ucin

R esid en t s tra in  g ro w n  fo r

1 d a y  3 d ay s  5 d ay s  7 days

ra te s  o f c .f.u . (re s id en t: superin fec ting)

Resident stra in , E . coli murine
In itia l ra tes 1.2:1 2.2:1 5:1 2:1
R a te s  after m ixed cu lti

v a tio n  for 24 h 117:1 173:1 285:1 43. : 1

Resident stra in , E . coli 0124 N o. 34

In itia l ra tes 0.7:1 14:1 0.14:1 0.2:1
R a te s  after m ixed cu lti

v a tio n  for 24 h 7.7:1 6:1 8:1 3.2:1

Control: m ixed cultivation after simultaneous inoculation  

In itia l ra te  (m urine: 0 1 2 4 ) 0.6:1
R a te  after m ixed cu lti

v a tio n  for 24 h  1:0.005

For exp lanation  see Table I I I
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Table VI

E ffect o f  the culture filtra te  on the growth o f  strains used as 
su p  er infecting agents under lim ited nutrient condition

“ P a irs’
, S tra in s  and

th e i r  d esigna tions

R e la tiv e  grow ing a b il i ty  in  
c u ltu re  f il tra te  o f  th e

coresponding
s tra in

o th e r
s tr a in

l S. sonnei No. 87 l l
E . coli 0 1 4 3  No. 2 1.7 l

2 E . coli m urine 1 l
S . f le x n e r i  3 No. 20780 1 1.5

3 E . coli m urine 1 1.1
E . coli 0 1 2 4  No. 34 1 0.05

F o u r days old cu ltu res  of the  above stra in s  in m inim al m edium  com ple ted  b y  0.25%  
g ra n u la r  m ucin were filte red . F ive  m l a liquo ts o f each f iltra te  were recom ple ted  b y  0.25%  m u 
cin. T h e  strains were in o cu la ted  in to  th e  f i ltra te  o f th e ir own culture (con tro l) and  into th a t  of 
th e  o th e r  mem ber of th e  p a ir . A fter incu b a tio n  of 37 °C for 24 h, the  c.f.u. va lues were determ ined 
a n d  in h ib ition  of grow th  w as estim a ted  by  com paring g row th  in the  two k inds o f  filtra te

Table VII

Changes in  the polysaccharide content and viscosity in  the supernatants 
o f  the m in im a l m ucin cultures o f  the m urine E . coli strain

Age o f th e  c u ltu re s  a n d  
co nd itions

P S  c o n ten t 
(1 0 0 //1) 

glc eq u iv a len t m in. v e lo c ity  
g rad ie n t (1/S)

V isco sity

th resho ld  
v o ltage  (M PAS)

C ontro l: sterile m edium , 7 d ay s a t  37 °C 11.4 /ig 158.82 0.69
24 h  o ld  culture* 1 1 .5  / r g 161.19 0.71

7 d a y s  old culture 12.7 m 168.23 0.75

* Before inoculation , th e  sterile m edium  was k ep t a t  37 °C for 7 days

Other signs o f  b io film , or bio film -like character o f  the m in im a l m ucin cul
tures. F irs t the  free po ly sacch arid e  co n ten t an d  viscosity  of th e  c u ltu re  f iltra te  
o f a  7 days old m urine  E . coli cu ltu re  w as in v es tig a ted . Controls in c lu d ed  a 24 h  
c u ltu re  in  m inim al m u c in  m edium  p re in cu b a ted  for six d ay s, an d  a sterile  
m ed iu m  incubated  fo r 7 days. These w ere done to  exclude e rro rs  due to  th e  
re lease  o f po lysaccharides from  th e  m ucin  d u ring  th e  long in c u b a tio n . D a ta  
p re se n te d  in  Table V I I  show  an  e lev a ted  co n cen tra tio n  of free po lysaccharides 
an d  a n  enhanced v isco s ity  in  th e  f i l t ra te  o f th e  7 days old c u ltu re .

I t  is know n th a t  b a c te ria  liv ing  in  th e  exopolysaccharide m a tr ix  of a 
b io film  exh ib it an e le v a te d  resistance  ag a in st an tib io tics. A fte r th e  p re lim i
n a ry  de te rm in a tio n  o f M IC values using LB cu ltu res, 1, 2.5, 5.0 an d  7.5 MIC
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doses of s tre p to m y c in  w ere ad d ed  to  th e  24 h and  7 days old m in im al m ucin  
cu ltu res . T h e  re su lts  are su m m arized  in  T ab le  V III . These d a ta  suggest th a t  
a lre a d y  in  th e  24 h  old cu ltu res  in  m in im al m ucin  m ed ium  all s tra in s , excep t 
S .fle x n e r i  3 show ed an  enh an ced  resis tan ce  ag a in st s trep to m y c in . A m ore de
ta ile d  s tu d y  w as carried  o u t w ith  th e  m u rin e  E . coli s tra in  show ing th e  m ost 
d e fin ite  en h an ced  resistance . T he con tro ls w ere m odified  so th a t  th e  m in im al 
are  was rep re sen ted  b y  a 6 h  old cu ltu re  in  m in im al m ucin  an d  th e  p lan c to n ic  
co n tro l w as a 6 h old LB  c id tu re  reach in g  a c.f.u . v a lu e  of 5 X 108 -  1.0 X 10°. 
S trep to m y c in  w as added  in  co n cen tra tio n s  o f 50, 100, 150, 200, 250, 300, 350, 
400, 450 an d  500 /ig per ml. T h e  resu lts  a re  show n in  T ab le  IX .

I t  is c lear th a t  a som ew hat h igher dose is needed  for th e  k illing  o f log 
ph ase , as w ell as s ta tio n a ry  ph ase  cu ltu res . T h ere  was no su b s ta n tia l difference 
b e tw een  th e  log phase LB an d  m in im al m ucin  cu ltu res (2 an d  4 MIC, i.e. 50 an d  
100 jUg/ml, respective ly ). On th e  o th e r h a n d , th e  7 days old m inim al m ucin

Table YIII

Resistance o f  the m in im a l m ucin  cultures against the k illing  effect 
o f  streptomycin

R e sis ta n c e  a g a in s t k illing  b y  s tre p to m y c in

S tra in s  a n d  desig n a tio n 24 h  old cu ltu re s 168 h  old cu ltu res

1 2.5 5
7.5 X 
X M IC 1 2.5 5 7 .5 X

x M IC

E .co li  0143 No. 2 RL R R s RL R R s
E . coli 0124 No. 34 RL R R s RL R R s
E . coli m urine RL R R s RL RL R R
S . sonnei No. 87 RL R R s RL R R S
S. flexn eri 3 No. 20780 R S S s R S S s

R L =  b ac teria l law n on p lates a fte r ov ern ig h t incubation  w ith  th e  add ition  of s tre p to 
m ycin ; R  =  resistance  (surv ival); S =  sen sitiv ity  (killed).
M IC values de term ined  for LB cu ltu res were betw een 12.5 and 25 //g/m l o f s tre p to 
m ycin

Table IX

The killing effect o f  streptomycin on E . coli m urine cultures in  
glucose-free m inim al granular m ucin medium

C ultu res
R esistan ce a g a in s t s trep to m y c in

x M IC /ig /m l

C ontrol: 6 h  old p lanc ton ic  in LB m edium 2 50
6 h  old culture  in m inim al m ucin m edium  
168 h  old cu ltu re  in m inim al m ucin

4 100

m edium 14 350

Six and  168 h  old cu ltu res m ixed w ith  m ultip le  MIC doses o f strep tom ycin  were in cu b a ted  
overn igh t and  p la te d  on LB agar p lates. T he c.f.u . values before th e  add ition  of strep to m y cin  
were abou t 0 .8-2 .5  X 109 for LB cu ltu res and  ab o u t 1 X 108 for m inim al m ucin cultures
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Fig. 2. An In d ia  ink  p re p a ra tio n  of the  m urine  E . coli s tra in  from  a 7 days old m inim al m ucin
cu ltu re  (xlOOO )

cu ltu re  of th e  m u rin e  E . coli show ed an  m ark ed  resistance (350 pg/m l or 14 
M IC).

To d em o n stra te  w h e th e r in  our m in im al m ucin  cu ltu res th e  b a c te ria  are 
or a re  no t p resen t in  a m a tr ix  of exopo lysaccharides, th e  m urine  E . coli s tra in  
w as in cu b a ted  for 1 an d  7 days in  m in im al m ucin  m edium . U sing th e  sim ple 
m e th o d  of In d ia  in k  p rep a ra tio n s , no capsule-like m a te ria l w as seen in  th e  
24 h  cu ltu res, b u t th e  7 day s old cu ltu res show ed a v e ry  ch a rac te ris tic  p ic tu re  
(F ig . 2): b ac te ria , or b a c te r ia l clusters w ere seen in  a w ide capsule-like m a te ria l 
w h ich  was no t s ta in ed  b y  fuchsin  and  m ost o f th e  in co rp o ra ted  b a c te ria  also 
rem ain ed  un sta in ed .

D iscussion

In  a m in im al m ed im  com pleted  on ly  w ith  hog gastric  m ucin , p a irs  o f 
b a c te r ia l cu ltu res show ed  a ch a rac te ris tic  biological p a tte rn : th e  organ ism  
in o cu la ted  f irs t m a in ta in e d  a p red o m in an cy  over th e  superin fec ting  agen t. 
T h is p a tte rn , ex p la in ed  b y  th e  residency  o f  th e  p rim arily  in o cu la ted  s tra in , 
w as ev iden t in d e p e n d e n tly  of th e  ab ility  o f one or th e  o th e r m em ber o f th e  
p a ir  to  overgrow  w h en  in o cu la ted  sim u ltan eo u sly , and  even if  th e  a b ility  o f
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th e  superin fecting  s t r a in  to  produce  a filtrab le  in h ib ito ry  fa c to r  against th e  
re s id e n t strain . T h is p ecu liar p a t te rn  rem inded  us to  th e  re su lts  o f our ea rly  
m ouse  experim ents [5]. The essence o f these  in  v ivo o b se rv a tio n s  was th a t  if 
m ice depleted of th e i r  aerobic bow el flo ra  b y  s tre p to m y c in  tre a tm e n t, w ere 
o ra lly  infected w ith  a n  (apathogen ic) s tra in  o f E . coli, a m o n o flo ra  developed 
re su ltin g  in a lo n g -te rm  ca rrie rsh ip . A ny o th e r s tra in  o f E . coli in troduced  
o ra lly  th e rea fte r d isap p eared  from  th e  bowel w ith in  a w eek. N o t know ing its  
m echan ism , th is  p h enom enon  w as called  a t th a t  t im e  “ in p la n ta tio n  a n tag o 
n ism ”  which d ep en d ed  only on th e  p r io r ity  of th e  s tra in s .

T he m inim al m ucin  m edium  used  th ro u g h o u t our p re se n t experim en ts 
m a y  he accepted as a n  env ironm en t o f  “ lim ited  n u tr ie n t c o n d itio n ” . A ccording 
to  th e  review  of C o s te rto n  et al. [1] su ch  env ironm en ts fav o u r th e  developm ent 
o f a biofilm . The essen tia l d ifference of b ac te ria  liv ing  in  p lan c to n ic  phase or 
in  a  biofilm  is th a t  in  th e  la tte r  th e y  are p resen t in  a m a tr ix  com posed m ain ly  
b y  exopo lysaccharides. This m a tr ix  ac ts  n o t only b y  “ tra p p in g ” n u tr ien ts , 
b u t  defends b a c te r ia  against p h ag o cy te s , an tibod ies, b iocides or an tib io tics.

Signs of th e  a b o v e  ch arac teris tic s  were d em o n stra ted  in  m in im al m ucin 
m ed iu m  cultures besid e  the p red o m in an ce  of th e  re s id en t s tra in , th e  f iltra te  
o f su ch  cultures is r ich  of free po lysaccharides , its  v isco sity  is enhanced, th e  
b a c te r ia  are re la tiv e ly  re sistan t a g a in s t th e  killing effect o f s trep to m y c in  an d  
th e y  are seem ingly em bedded in  a w ide, capsule-like m a te r ia l. We have to  
ta k e  in to  consid era tio n  th a t  in  o u r  m odel system  th e re  is no fu r th e r  supp ly  
o f  n u tr ie n ts  and a t  le a s t after one w eek th e  b ac te ria  are  in  a declination  phase. 
T herefo re  this in  v i t ro  model m ay  rep re sen t only a “ quasi b io film ” .

According to  F ré te r  [6] ou r a ssu m p tio n  abou t m ucosal invasion  is o v e r
sim plified : “The in te ra c tio n  of a b ac te riu m  w ith  th e  in te s tin a l m ucosa is a 
m u ltiface ted  p rocess w hich can n o t b e  inden tified , le t alone be q u a n tita te d  b y  
m ean s of a single t e s t ” . He assum es th a t  th e re  are m an y  s tep s  of th e  m ucosal 
association , b u t n o t  a ll of these n eed  to  function  in  a p a th o g en ic  b ac te rium , b u t 
som e of them  m a y  have  to  fu n c tio n  in th e  n a tu ra l in h a b ita n ts  of th e  bow el 
f lo ra  (in vivo sy n th es is  of b a c te r ia l chem oreceptors, sy n th esis  of flagella, 
chem otactic  a t t r a c t io n  to  th e  su rface  of m ucus gel, p e n e tra tio n  of the m ucus 
gel, adhesion to  th e  recep to rs in  th e  m ucus gel, ch em o tax is  in th e  deep areas 
o f  in tervillous sp ace , m u ltip lica tio n  of m ucosa-associa ted  b a c te ria , etc.).

From  the  considera tions o u tlin e d , it is clear th a t  in  th e  fu tu re  research  
shou ld  co ncen tra te  on the  d is tin c t steps of “ p reep ith e lia l in v asio n ” in  cases 
o f  d ifferent p a th o g en ic  and non  pa thogen ic  en tities. W e hope th a t  our te s t  
m ed iu m  more or less m odified w ill be  useful for som e o f th e se  approaches.
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THE FREQUENCY OF AEROBACTIN PRODUCTION 
AND ITS EFFECT ON THE PATHOGENICITY 

OF HUMAN ESCHERICHIA COLI STRAINS

I. G a d ó , H e d d a  M i l c h , É v a  C z ir ó k  an d  M á r i a  H e r p a y  

N ational In stitu te  o f  H ygiene , B udapest 

(R eceived Ju n e  20, 1988)

A to ta l  of 981 h u m a n  Escherichia coli s tra in s  (includ ing  632 s tra in s  iso lated  be tw een  
1979 a n d  1983 an d  349 stra in s  isolated in  1987) was ex am ined  fo r ae ro b actin  p ro d u c tio n  by  
biological q u a lita tiv e  te s t.  A erobactin  p o s it iv ity  was found  in 55 .1%  an d  47 .3% , re spec tive ly , 
in  th e  tw o groups of s tra in s , while en terochelin  was p ro d u ced  n e arly  b y  100%  of th e  stra in s . 
A ero b ac tin  p ro d u c tio n  w as significantly  m ore  freq u en t th a n  th e  average am ong blood and  
CSF stra in s  sam ples a n d  serogroup 0 2  an d  0 6  stra ins. A ero b ac tin  w as m ore freq u en t am ong iso
la te s  w ith  K1 or K5 a n tin g e n s  and p rod u c in g  haem olysin  an d  m an n o se-resis tan t haem ag g lu ti-  
n a tio n  th a n  am ong th e  ones lacking th ese  v iru lence facto rs. A  s tr ic t co rre la tion  was fo und  
be tw een  th e  p a th o g e n ic ity  in  m ouse follow ing in tra p e rito n ea l in fec tio n  an d  th e  freq u en cy  of 
ae ro b ac tin  p roduction . T h e  d istrib u tio n  o f th e  LD 50 values o f th e  ae ro b actin  p o sitive  s tra in s  
w as sh ifted  tow ards th e  low er values co m p arin g  to  th e  ae ro b ac tin  negative  ones, p rov ing  s ta 
tis tic a lly  th e  effect o f ae ro b ac tin  in  th e  in crease  of p a th o g en ic ity .

Iro n  is e ssen tia l for th e  m a jo rity  o f m icroorganism s, b u t i t  is p rac tica lly  
in so lub le  under aerob ic  conditions an d  a t biological p H  [1], or i t  is b o u n d  to  
th e  pro te ins of th e  m icroorganism s as tra n s fe rr in  an d  lac to fe rrin  [2]. T he 
iro n  u p tak e  of b a c te r ia  is m ed ia ted  b y  th e  ex cre tio n  o f iro n  carry in g  m olecules 
o f low  m olecular w e ig h t (siderophores [3]) w hich m olecules posses a h igh  a ff in ity  
to  F e + + + ions. T h e  expression o f th e  siderophore system  [4 | is p ro d u ced  b y  
th e  lack  of iron .

Two k inds o f siderophores a re  excre ted  b y  E . coli : a p h e n o la te -ty p e  
com pound : en te ro ch e lin  [5] and  a h y d ro x am a te  com pound : ae ro b ac tin  (aer). 
T h e  la t te r  was fo u n d  f irs t  b y  G ibson and  M agrath  [6] in  Enterobacter aerogenes ; 
in  Escherichia coli i t  w as d em o n stra ted  th a t  th e  v iru len ce  of th e  h o s t cell was 
considerab ly  in c reased  by  th e  iro n -u p ta k e  system  localized  on th e  Col Y p la s 
m id  [7-9]. L a te r  i t  w as observed  th a t  th e  genes o f  ae r-p ro d u c tio n  [10, 11] 
an d  F e T aer-recep to r [12 ,13] can  also be lo ca ted  on o th e r p lasm ids [14] or 
on th e  chrom osom e [15].

Though en te ro ch e lin  shows a  h igher a f f in ity  to  F e + + + th a n  aer [16], 
th e  in  vivo effectiveness of en te ro ch e lin  is decreased  b y  its  linkage to  serum - 
a lb u m in  [17] an d  b y  th e  fact th a t  in  co n tra s t to  ae r, th e  m olecule is decom posed

I s t v á n  Ga d ó , H e d d a  M i l c h , É v a  Cz ir ó k , M á r ia  H e r p a y  

N a tio n a l  In s t i tu te  o f  H y g ien e  
H -1966  B u d ap est, P .O .B . 64 , H u n g a ry

4* A cta  M icrobiologica H ungarica  36 , 1989 
A k a d ém ia i K ia d ó , B u dapest



52 GADÓ et al.

a f te r  a single use [18, 19]. The effect of ae ro b ac tin  in  increasing  p a th o g en ic ity  
w as dem o n stra ted  b y  in fec tio n  ex perim en ts [9, 20, 21].

The occurrence o f  s tra in s  carry ing  aer c lu ste r am ong th e  E . coli clinical 
iso la tes  is no t of r a n d o m  ch a rac te r . A ccording to  S tu a r t  e t al. [22] it  is fu n d a 
m e n ta l th a t th e  m ore  iro n  defic ien t is th e  en v iro n m en t th e  g roup  of isolates 
o rig in a te  from , th e  m o re  freq u en t is aer p ro d u c tio n  am ong th em . T he published 
d a ta  are no t u n an im o u s. C ercenado et al. [23] d id  no t found  differences in  th e  
freq u en cy  of aer p ro d u c tio n  of blood an d  stoo l iso lates. Besides th e  selective 
effec t, clonal co n n ec tio n s w ere also observed  [14]. O ur p resen t w ork  aim ed to  
f in d  fu rth e r evidence fo r  th e  effect of aer in  th e  increase of p a th o g en ic ity  in 
connec tion  w ith  th e  p resence  of o th e r v iru lence  fac to rs. On th e  o th e r hand , 
we w an ted  to  e s ta b lish  th e  non -random  c h a ra c te r  o f th e  occurrence of aer 
a n d  to  exam ine w h e th e r  th is  non -random  c h a ra c te r  can  be com plete ly  explained 
b y  selection due to  iro n  lim itin g  cond itions in  th e  p as t of th e  s tra in s .

M aterials and m ethods

Bacterial strains, (a) A  to ta l  o f 632 E . coli s tra in s  iso la ted  from  h u m an s betw een  1979 
a n d  1983 were exam ined . P ro p e rtie s  o f th e  iso lates were d e term ined  con tinously  during  th e  
g iv en  period. The d e tec tio n  o f  siderophore  p ro d u c tio n  w as carried  o u t in 1986 an d  1987, from  
s tra in s  recu ltu red  from  ly o p h ilized  am poules, (b) O u t o f th e  E . coli s tra in s  iso la ted  from  hum an  
sam p le s in 1987, 349 w ere ex am in ed .

Serological exa m in a tio n  o f  0  antigens was carried  o u t by  th e  ag g lu tin a tio n  m ethod  of 
O rsk o v  and  Orskov [24].

Detection o f K1 and  K 5  capsular antigens was p e rfo rm ed  by  tes tin g  p h ag e  sen sitiv ity  to 
K 1 a n d  K5 specific p h ag es [25, 26].

H aem olysin production  (H ly ) w as tes ted  on b lood ag ar [27].
M annose-resistant haem agglutination  ( H A )  was de te rm in ed  as described by  Czirók e t al. 

[28], u sing  hum an e ry th ro c y te s .
L D 50 test was carried  o u t  b y  in tra p erito n ea l in fec tio n  of m ice [29].
A ntibiotic resistance w as de te rm in ed  by  th e  use  of “ R esis tes t” disks (H u m a n  B udapest) 

to  strep to m y c in , neom ycin , k a n am y c in , g en tam ic in , te tracy c lin e , am picillin , co-trim oxazole. 
ch lo ram phen ico l and co listin , in  case o f stra in s  of g roup  (a); fo r s tra in s  of g roup  (b) th e  above 
lis te d  an tib io tics were su p p le m e n te d  w ith  n itro fu ra n to in  an d  nalid ix ic  acid a n d  colistin  was 
o m itte d .

Qualitative biological detection o f siderophores w as carried  o u t using S im on-T essm an agar, 
m o d ified  b y  R absch and  R e is sb ro d t [30], supp lem en ted  w ith  160 /m i a, a -d ip y rid y l. As ind ica to r 
b a c te r ia  for enterochelin , Salm onella  typh i-m urium  LT-2 TA  2700 s id A l, an d  for aer E . coli 
LG  1522 ara  fepA lac leu  m tl p roC  rpsl su p E  th i to n A  trp E  xy l (Col V -K 30) w ere used. The 
in d ic a to rs  produce no s id e ro p h o re , th e  fo rm er can ta k e  up  Fe + + + -en terochelin  o n ly , th e  la tte r  
F e + + +-aer only. The e x am in ed  stra in s  were in o cu la ted  from  fresh  cu ltu res b y  too th-p icks.

Statistical analysis. F o r  significance th e  ch i-square  te s t  [31] was used . T he average 
freq u e n c y  of aer p ro d u c tio n  o f each  groups was ta k e n  as reference basis. T he difference was 
considered  as significant i f  P  <[ 0.05.

R esults

The frequency o f  aer production. The average  frequency  of aer p roduction  
w as 55 .1%  am ong th e  h u m a n  E . coli s tra in s  iso la ted  betw een  1979 and  1983. 
G ro u p in g  the  s tra in s acco rd in g  to  d ifferen t respects resu lted  in  considerab le
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Number  of s t r a i n s

An t i g e n

Fig. 1. Incidence of a e ro b a c tin  p ro d u c tio n  in f req u e n t E . coli serog roups. Solid colum ns: aero- 
b ac tin  p ro d u ced ; op en  co lum ns: aero b actin  n o t p ro d u ced . N t =  n o t  ty p ab le ; Sp =  s p o n ta 
neous ag g lu tin a tio n ; O th ers  =  68 k inds o f О an tig en . P  va lues: 0 1 ,  0 .8 -0 .7 ; 0 2 , <  0.001; 0 4 , 
0 .7 -0 .5 ; 0 6 , 0 .0 2 -0 .01 ; 0 7 , 0 .2 -0 .1 ; 0 8 , <  0.001; 0 1 5 , 0 .3 -0 .2 ; 0 1 8 a c , <  0.001; 0 7 5 , 0 .0 1 - 

-0 .0 0 1 ; N t, 0 .01-0 .001; Sp, 0 .7 -0 .5 ; o th ers , 0 .01-0 .001

Number of s t r a i n s

% 275 122 31 39 49 34 61 21 632

Origin of s t r a i n s

Fig. 2. F req u en cy  o f ae ro b ac tin  p ro d u c tio n  am ong E . coli s tra in s  iso lated  from  d iffe re n t spe
cim ens. Solid co lum ns: ae ro b ac tin  p roduced; open  colum ns: a e ro b a c tin  no t p roduced . O rigin 
of stra in s  and  P  va lues: 1, faeces (0 .05-0.02); 2, u rin e  (0 .3 -0 .2 ); 3, blood (0.01-0.001); 4, CSF 
( <  0.001); 5, p us an d  w ound  sw ab (0 .2-0 .1); 6, ear, nose an d  th r o a t  sw ab (0.3-0.2); 7, gen ita ls 
and  em bryo (0 .95-0 .90); 8, m iscellaneous (iso lated  from  d iffe re n t organs, skin, ab d o m in a l 

cav ity , bile and  source of s tra in  n o t s ta te d )  (0 .8 ); 9, to ta l
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Number of s t r a i n s

184 157 13 62 46 69 39 24 38 632

F ig . 3. F req u en cy  of ae ro b a c tin  p ro d u c tio n  am ong E . coli s tra ins iso la ted  fro m  p a tie n ts  w ith  
d iffe re n t diagnosis. Solid co lum ns: ae ro b actin  p ro d u c ed ; open colum ns: a e ro b a c tin  n o t p ro 
d u ced . O rigin of s tra in s  an d  P  va lues: 1, h e a lth y  su b je c ts  (0.2-0.1); 2, p a tie n ts  w ith  en te ritis  
(0 .7 -0 .5 ); 3, a sy m p to m a tic  b a c te riu ria  (0 .7 -0 .5); 4, u r in a ry  tra c t  in fec tion  (0 .2 -0 .1 ); 5, p y e lo 
n e p h r it is  (0 .9-0 .8); 6, sepsis (0 .1 -0 .05 ); 7, m en ing itis  (0 .01-0.001); 8, m iscellaneous: a p p en d i
c itis , gangrene, abscess, ch o lecystitis , tonsillitis , p e rito n itis , leukaem ia, p ro s ta ti t is  (0 .8—0.7);

9, d iagnosis n o t s ta te d  (0 .8 -0 .7 ); 10, to ta l

differences from  th e  average . T he incidence o f a e r + stra ins in  serogroups 0 2 , 
0 1 8  an d  0 6  was 8 1 .4 % , 87.7%  an d  71 .0% , respective ly . A e r+ s tra in s  occurred  
s ig n if ic a n tly  less fre q u e n tly  in  serogroups 0 8 , 075  and  am o n g  n o n ty p a b le  
s tra in s  (6 .6% , 23 .5%  an d  43 .1% , resp ec tiv e ly , F ig . 1).

G rouping th e  s tra in s  accord ing  to  th e ir  o rig in  (specim en a n d  d iagnosis), 
i t  w as found  th a t  a e r + w as m ark ed ly  h ig h er am ong stra ins iso la te d  from  C SF 
a n d  b lood  th a n  from  o th e r  sources (Figs 2 an d  3). Among faecal s tra in s  a n e g a 
t iv e  te n d e n c y  was observed .

A er p roducers w ere found  in  73 .8%  am ong  th e  s tra in s  c a rry in g  fou r 
k in d s  o f viru lence fac to rs  singly  or com bined  an d  th ey  w ere fo u n d  in  36 .7%  
am o n g  th e  stra in s w ith o u t v iru lence  fac to rs  (T able I). G enerally  th e  freq u en cy  
w as h ig h er th a n  th e  av erag e  in  case of a single v iru lence fac to r (in  som e ca teg o 
ries th e  difference from  th e  average  was n o t sign ifican t because  of th e  few  
n u m b e rs  of stra ins). A e r+ w as ra th e r  ra re  am o n g  th e  stra ins p ro d u c in g  haem o- 
ly s in  on ly , b u t it  w as fre q u e n t am ong th e  s tra in s  possessing H A , or H A  -)- K5 
a n tig e n  beside H ly .

T h e  frequency  o f ae r+  was sig n ifican tly  h ig h er am ong th e  m u ltip le  re s is
t a n t  s tra in s  (re s is tan t to  th re e  or m ore a n tib io tic s) and it w as low er th a n  th e  
av e rag e  am ong th e  an tib io tic  sensitive ones (T able II).
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E x am in in g  h u m an  E . coli s tra in s  of g roup  (b) i t  was o f in te re s t  to  find  
fu r th e r  evidences for som e fea tu res  o f th e  non -random  c h a ra c te r  o f aer p ro 
d u c tio n . T he av erag e  of a e r+ incidence w as 47 .3% ; th e  c o rre la tio n  w ith  0

Table I

Frequency o f  aerobactin production among strains carrying different virulence
factors

(a) 1979— 1983 ( b ) 1987

V iru lence  fac to r N o . o f A ero b a c tin  p ro d u ce rs N o. of A e ro b a c tin  p ro d u ce rs
s tra in s

N o. % P
stra ins

N o. % P

Nil 319 117 36.7 <  0.001 203 75 36.9 0.02-0.01

T o ta l No. of v iru lence
fac to r carry ing  
s tra in s 313 231 73.8 < 0 .0 0 1 141 86 61.0 0.01-0.001

Kl* 78 65 83.3 <  0.001 7 5 71.4 0.3 -0 .2
K5* 7 5 71.4 0.5 -0 .3 3 3 100.0 0.1 -0 .05
H ly 35 9 25.7 <  0.001 31 11 35.5 <  0.001
H A 41 28 68.3 0.1 -0 .05 33 22 66.7 0.05-0.02
K l  + H ly 3 2 66.7 0.7 -0 .5 — — — —
K l - f  HA 36 28 77.8 0.01-0.001 9 9 100.0 0.01-0.001
H ly + HA 75 60 80.0 <  0.001 48 28 58.3 0.2 -0 .1
K 5 +  H ly 5 3 60.0 0.9 -0 .8 1 1 100.0 0.3 -0 .2
K5 +  H A 3 3 100.0 0.2 -0 .1 2 2 100.0 0.2 -0 .1
K l +  H ly + H A 3 2 66.7 0.7 -0 .5 3 2 66.7

inо1©

K 5  +  H ly + H A 27 26 96.3 <  0 . 0 0 1 4 3 75.0 0.3 -0 .2

N o t exam ined 5 4

T ota l 632 348 55.1 349 165 47.3

* Am ong K l and  K5 an tigen -carry ing  stra in s  isolated betw een 1979 an d  1983, 4 and
7 stra in s , respectively , were sensitive to  phages a fte r  h ea t- tre a tm en t a t  42 °G only

Table II

Frequency o f  aerobactin production and antibiotic resistance

(a) 1979— 1983 ( b ) 1987

R esistan ce N o. of a e ro b a c tin  p ro d u ce rs N o. of a e ro b a c tin  p ro d u cers
s tra in s

N o. % P
stra ins

N o. % P

Sensitive 252 114 45.2 0.05-0.02 195 64 32.8 0.01-0.001

R esis tan t to 1—2
drugs 165 92 55.7 0.7 -0 .5 67 43 64.2 0.02-0.01

R e sis tan t to 3-6
drugs 158 99 62.6 0.05-0.02 87 58 66.7 0.01-0.001

T otal 575 305 53.0 349 165 47.2
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Table III

Frequency o f  aerobactin producer stra ins isolated in  1987 according to 0  antigens
and source

0 N o . of
A ero b a c tin
p ro d u ce rs

S ource o f  s tra in s
N o . o f

A erobac tin
producers

an tig en s tra in s
N o . %

s tra in
N o. %

2* 16 12 75.0 0.05-0.02 faeces* 82 22 26.8 <  0.001

4* 19 9 47.4 0.99 urine* 102 58 56.8 0.1 -0 .05

6 * 46 31 67.4 0.02-0.01 blood* 33 29 87.8 <  0.001

**CO 8 6 75.0 0.2 -0.1 pus and wound
swabs* 13 9 69.2

О!C7I
о

78*** 11 8 72.7 0.1 -0.05 ear-, nose-, 
th ro a t  swabs* 55 30 54.2 0.5 -0 .3

Nt** 130 56 43.0 0.5 -0 .3 genitals** 12 1 8.3 0.01-0.001

O thers § 119 43 36.1 0.05-0.02 miscellaneous*§§ 26 9 34.6 0.3 -0 .2
n o t s ta ted 26 7 26.9 0.05-0.02

T o ta l No. o f s tra in s : 349; aer+ : 165 (47.3% )

* The resu lts  are in  agreem ent w ith  those  ob tained  in  group  (a) 
** Q ualita tive  difference from  th e  resu lts  in  group (a)

*** Included in Fig. 1 as “ o th ers”
§ 47 kinds o f О a n tig en

§§ G astric ju ice, p e rito n ea l flu id , bile a n d  fom ites

Number of s t r a i n s

62 79 186 323 630

10 l o g  L D50

F ig . 4. F requency  of a e ro b a c tin  p ro d u c tio n  am ong  E . coli s tra in s  o f d ifferen t p a thogen icity . 
Solid colum ns: ae ro b actin  p ro d u ced ; open co lum ns: aero b actin  n o t  p roduced . P  values are

<  0.001 in  every  category
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an tig en  Avas rep roducib le , except for se ro g ro u p  018  and  th e  n o n ty p ab le  s tra in s . 
T h ere  w as a co rre la tion  w ith  th e  fo rm er d a ta  in  th e  case o f h igh  a e r+ freq u en cy  
am ong  s tra in s  iso la ted  from  blood a n d  w ith  th e  low fre q u e n c y  am ong s tra in s  
o rig in a te d  from  stoo l sam ples (Table I I I ) .  The association  o f ae ro b ac tin  w ith  
o th e r  v iru lence  fac to rs  was d e m o n s tra te d  in  all groups o f  evaluable  sam ples 
(T able  I).

C onsidering a n tib io tic  re s is tan ce  (T able I I ) , th e  difference b e tw een  th e  
tw o g ro u p s of s tra in s  (a  and  b) was t h a t  n o t only th e  m u ltip le  re s is ta n t s tra in s  
(as in  g roup  a), b u t also th e  stra ins re s is ta n t  to  1 or 2 a n tib io tic s  show ed h igher 
a e r + freq u en cy  th a n  th e  average.

Connection between aerobactin production  and pathogenicity. G roup ing  th e  
E . coli s tra in s  iso la ted  betw een 1979 a n d  1983 accord ing  to  L D 50 va lu es  for 
m ice revealed  th a t  a s tr ic t c o rre la tio n  existed  be tw een  p a th o g en ic ity  and  
freq u en cy  of aer p ro d u c tio n  (Fig. 4). W h en  th e  L D 50 w as low er th a n  107, th e  
inc idence  of a e r+ w as m ore freq u en t th a n  th e  average an d  i t  was s ig n ifican tly  
low er w hen  th e  L D 50 w as 107 or h ig h e r . F igure 5 p re sen ts  th is  co rre la tio n  in 
a n o th e r  respect: th e  L D 50 d is tr ib u tio n  curves of a e r+ an  a e r “ stra in s a re  com 
p a re d . F igure  5a show s, th a t  th e  d is tr ib u tio n  of a e r+ s tra in s  is sh ifted  to w ard s  
th e  low er L D 50 v a lu es , w hether o th e r  v iru lence fac to rs  are  carried  b y  th e m  
(F ig . 5b), or no t (F ig . 5c). This sh if t w as reflected  in  re sp ec t of d iffe ren t v iru 
lence fac to rs , excep t fo r strains possessing  H ly  or H ly  4- H A  (Fig. 5 d -h ).

D iscu ss io n

A erobactin  p ro d u c tio n  was o b se rv ed  in  abou t 50%  o f th e  s tra in s  o f  b o th  
g ro u p s  o f ex am in a tio n , w hile en te ro ch e lin  was p roduced  in  nearly  100%  (only 
tw o  n eg a tiv e  s tra in s  w ere found). T h e  non-random  c h a ra c te r  o f inc idence  of 
ae r w as estab lished  b y  our d a ta . T h e  ae r producers w ere  p red o m in an t am ong 
th e  s tra in s  iso la ted  from  iron-poor specim ens (blood, C S I1). In  p a tie n ts  w ith  
sepsis th e  resu lt w as less conv incing , p ro b ab ly  because  some of th e  s tra in s  
w ere n o t iso lated  from  blood. L ite ra ry  d a ta  concerning blood  sam ples a re  in  
co nco rdance  [20, 22, 23] and are also  in  agreem ent w ith  ou r resu lts. In  c o n tra s t 
to  th e  pu b lica tio n  o f  Cercenado e t a l. [23], am ong faecal s tra in s  th e  a e ro b ac tin  
p ro d u cers  occurred considerab ly  less freq u en tly  th a n  th e  average. S h an d  e t al. 
[32] pub lished  th a t  in  Proteus m ira b ilis  and Klebsiella pneum oniae  u r in a ry  
t r a c t  infections th e  m u ltip lica tio n  o f  b a c te ria  took  p lace  u n d e r iron  re s tr ic te d  
con d itio n s and  th is  re su lted  in  th e  change of OMP p a tte rn .  Our re su lts  th a t  
th e  frequency  of a e r + is not h ig h er th a n  th e  average am ong u r in a ry  s tra in s  
in d ic a te s  th a t  th e  iron-poor c o n d itio n  is no t c h a ra c te ris tic  of th e  u r in a ry  
t r a c t .  The resu lts  o f C arbonetti e t al. [33] concerning U T I s tra in s a re  sim ilar 
to  o u rs , except th a t  th e y  found a h ig h  frequency  am ong s tra in s  of p y e lo n ep h ri
tis  o rig in . P u b lica tio n s on th e  aer + freq u en cy  of CSF s tra in s  w ere n o t found .
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T h e  sign ifican t d ifferences found  am ong  th e  m ost fre q u e n t serogroups 
can  n o t  be explained  on ly  b y  selection. T hough , serogroup  0 4  and  0 6  s tra in s  
(iso la ted  betw een 1979 a n d  1983) from  b lood  and  CSF w ere rep re sen ted  equally  
(12 an d  13% , resp ec tiv e ly ), th e  freq u en cy  of a e r + w as s ig n ifican tly  h igher 
am o n g  0 6  stra ins. O n th e  o th e r h an d , serogroup  0 2  s tra in s  from  blood and  
C SF rep resen ted  on ly  2 % , y e t th e  incidence o f aer + was v e ry  h igh . A ccordingly , 
th e  d ifferences observed , m a y  be a t t r ib u te d  to  a clonal b a c k ro u n d . The resu lts  
concern ing  serogroup 0 1 8  s tra in s  can  be explained  b y  th e  com bination  of 
se lec tive  and  clonal fa c to rs :  th e se  cu ltu res  w ere of b lood  an d  liquo r origin in 
36 an d  25% , resp ec tiv e ly , i.e. th e  aer+  frequency , w hich w as a b o u t th e  average 
o r  u n d e r  th e  average  as a consequence o f clonal origin, m ig h t he d isto red  to  
p o s itiv e  d irection  due to  selection.

A er p ro d u c tio n  w as associa ted  w ith  th e  d ifferen t v iru len ce  fac to rs, ex 
cep t H ly  p roduc tion . T he b ack g ro u n d  o f th is  association  m a y  be a ttr ib u te d  to  
a  se lec tion : th e  m u ltip lic a tio n  or th e  su rv iv a l o f b a c te ria  is p ro m o ted  b y  th e  
v iru len ce  factors u n d e r cond itions w hich  are  u n fav o u rab le  in  ad d itio n  to  th e  
iro n -p o o r env iro n m en t, i.e. a h igher se lective effect o f iro n  re s tr ic tio n  m ay  a p 
p e a r. ( In  case of H ly  selec tion  th is  is n o t possible because  o f th e  iron  release 
fro m  th e  haem oglobin .) T h is selection  hypo thesis is n o t su p p o rted  b y  th e  
h ig h  a e r + frequency  o f H ly  +  H A  an d  H ly  A  H A  +  K 5 s tra in s: H ly  as
so c ia ted  w ith  o th e r v iru len ce  fac to rs  shou ld  also in h ib it th e  developm ent of 
h ig h  a e r + frequency .

T he association  o f an tib io tic  re s is tan ce  and  aer p ro d u c tio n  can be ex
p la in ed  in  tw o w ays: i f  res is tan ce  is considered as v iru len ce  fac to r, i t  can  he 
in te rp re te d  in th e  above  m entioned  m an n e r, or th e  aer c lu s te r m ay  be carried  
b y  th e  R plasm id (w hich is m ost p ro b ab ly  responsible fo r res is tan ce  in  case of 
m u ltip le  resistance), s im ila rly  as Col У  (wich is associa ted  w ith  aer p ro d u c tio n  
in  92 .0% ).

In  accordance w ith  li te ra ry  d a ta  th e  p a th o g en ic ity  in  m ouse in fec tion  
w as increased b y  aer p ro d u c tio n . T h is is obvious from  th e  association  of aer 
p ro d u c tio n  and th e  low  L D 50 values (F ig . 4) an d  from  th e  sh ift o f d is tr ib u tio n  
cu rves of LD S0 v alues to w a rd s  th e  low er values in  th e  p resence  of aer p ro d u c tio n  
(F ig . 5). In  ad d itio n  to  th e  l i te ra ry  d a ta , we d em o n stra ted  s ta tis tic a lly  th a t  
p a th o g en ic ity  w as in creased  b y  aer p ro d u c tio n  in  th e  p resence  of o th e r v iru 
lence fac to rs, too .

F ig. 5. D istrib u tio n  of ae ro b a c tin  p ro d u cer a n d  aero b actin  n o n -p ro d u ce r s tra in s  according to 
L D S0 values, (a) in d ep e n d en tly  o f v iru lence fac to rs ; (b) v iru lence fac to rs  o th er th a n  aer are 
also carried ; (c) v iru lence  fac to rs  o th er th a n  aer are n o t carried ; (d) K l; (e) H ly ; (f) H A ; (g) 

K1 -f- H A ; (h) H ly  +  Н А . О to ta l  n u m b er of s tra in s ; л  a e r  + ; V a e r -
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ISOLATION OF A DNA SEQUENCE STIMULATING 
RECOMBINATION IN YEAST

M .  M i n k
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Szeged

(R eceived  Ju n e  30, 1988)

A series o f DN A  sequences w as rescued fro m  th e  y east Saccharomyces cerevisiae t r a n s 
form ed b y  a  gene lib ra ry  and se lec ted  fo r th e  cdc35ts + , T R P 1 + p h en o ty p e . T hese sequences did 
n o t co m plem en t th e  cdc35ts m u ta tio n , an d  w ere fo u n d  in  various a m o u n ts  an d  o rien ta tio n s  in 
deg raded  p lasm ids. A sim ilar p h en om enon  w as d e m o n s tra ted  when th e  H IS 3  gene w as cloned 
in to  one of th em : a highly d e le ted  p lasm id  w as rescued from  com plem en ted  hom ozygous 
dip lo id  y e as t cells, in which th e  H I S 3 +/h is3 ~  ch a ra c te r  was in h erited  a t  a  2 : 2 ra tio . These 
resu lts  suggest t h a t  th e  in sert sequences rescu ed  from  the  cdc35ts tran s fo rm a n ts  s tim u la te  
v igorous n o n -rec ip roca l reco m b in a tio n  even ts b y  th e  tran sfer of H IS 3  gene or th e  T R P -A R S  
f rag m en t. T h is e v en t was d e tec ted  in  th e  tra n s fo rm a tio n  of cdc35 or his3~  h o sts a n d  was 
follow ed by  th e  re-iso lation  of th e  deg raded  p lasm id  molecules.

T he p lasm id-chrom osom e in te ra c tio n  is a pow erful too l in  th e  s tu d y  of 
reco m b in a tio n  in  yeast. T his ev en t occurs in d ep en d en tly  of w h e th e r th e  com 
m u n ica tin g  reg ion  is carried  b y  a rep lica tiv e  [1], or an  in te g ra tiv e  p lasm id  [2], 
or m erely  b y  a res tric tio n  frag m en t [3]. T he m echanism  o f th e  in te ra c tio n  can 
he in te rp re te d  in  term s of a single or doub le  crossover, re su ltin g  in  th e  com ple
m en ta tio n , d isrup tion  or rep lacem en t of the  ta rg e t allele [4]. T he changes 
d e tec ted  in  th e  chrom osom e b y  genetic  o r biochem ical m eth o d s are  o ften  non
rec ip rocal, i.e. even deletion  o f th e  non-essen tia l regions o f  th e  p lasm id  DNA 
occurs [5], w hich  m ight be in te rp re te d  th ro u g h  th e  n o n -eq u iv a len t h ie ra rch y  
o f th e  p lasm id  an d  chrom osom al D N A s. T his event is u su a lly  o b serv ed  in  gene 
cloning b y  com plem enting  m u ta tio n s  w ith  a DNA pool derived  from  a gene 
lib ra ry . T h e  rescue of p lasm ids co n ta in in g  non-com plem enting  sequences m ay 
occur to o , w hich  happens w ith o u t a p p a re n t selective pressure. T h e  efforts 
m ade to  clone CDC35 gene re su lted  in  th e  iso lation  of no n -co m p lem en tin g  in se rt 
sequences to  w hich a fu n c tio n  could  be  a ttr ib u te d  on th e  basis of th e ir  su rv iv a l 
w ith o u t se lective pressure o r of th e ir  de le ted  and in v e rte d  s tru c tu re . In  order 
to  te s t  th e se  hypotheses, ex p e rim en ts  w ere perform ed to  decide w h e th e r such 
sequence is responsible fo r its  ow n su rv iv a l or is in v o lved  in  th e  p rom otion  
of reco m b in a tio n .
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M aterials and m ethods

Yeast transform ation  and rescue. The com m ercially  av ailab le  hap lo id  y east Saccharom y
ces cerevisiae te m p e ra tu re  sen sitiv e  s tra in  (a , cdc35-lts, adel, arg4, ural, his7, trp l) was tra n s fo r
m ed  [6] w ith  a w ild -ty p e  y e a s t D N A  lib ra ry  c o n s tru c ted  b y  N a sm y th  an d  R eed [7] c a rry in g  
th e  T R P -A R S  f ra g m e n t in  th e  vec to r, and  selected fo r th e  t s +, T R P 1  p h eno type  on m in im al 
m ed iu m  (MM) p la te s  (2 %  glucose, 0 .67%  y east n itro g en  base  w /o am ino  acids and  au x o tro p h ic  
requ irem en ts , a t  a  20 m g/1 co n cen tra tio n ). The cells o f  those  tra n s fo rm a n t colonies g row ing 
a t  37 °C were l ib e ra te d  fro m  th e  to p  agar and co n v erted  in to  sp h aero p lasts  [8]. T o ta l D N A  
w as iso lated  by  th e  ly sis o f sp h aero p lasts  in  120 mM T ris-H C l, p H  8.0, 30 ш м E D T A , 1%  
(v /v )  T riton  X-100 a t  65 °C fo r 10 m in , and  20 mg/1 R N ase  tre a tm e n t a t  37 °C for 10 m in , fo l
low ed  by  phenol e x tra c t io n  a n d  e th an o l p rec ip ita tio n . E . coli H B 101 co m p e ten t cells w ere th e n  
tran sfo rm ed  [9] w ith  th is  D N A  a n d  selected for am pic illin  re sis tan ce  (Apr). A hom ozygous 
d ip lo id  his3~  y eas t s tra in  w as co n stru c ted  b y  crossing A H 202 ( a, leu2 -3 , 2-112 , his3, t r p l)  w ith  
G R F 1 8  ura2 д /а ,  leu 2 -3 ,2 -1 1 2 , h is 3 - l l ,3 -1 5 , u ra 2 ), re su ltin g  in  th e  leu2~ his3~  p h en o ty p e . 
T ran sfo rm an ts  were se lec ted  fo r H I S 3 + on MM -j- leuc ine  p la tes . S po ru la tio n  was ach ieved  
b y  p la tin g  diploids o n to  sp o ru la tio n  m edium  (0 .1%  y e a s t e x tra c t,  0 .25%  glucose, 2%  p o ta s 
s iu m  aceta te). N o n -se lec tiv e  Y E P D  m edium  (2%  glucose, 2 %  p e p to n e , 1%  y east e x tra c t)  
w as used for m ito tic  s ta b il i ty  te s t. All solid m edia co n ta in ed  2%  agar.

R esu lts and d iscu ssion

Rescue o f non-com plem enting sequences. T h e  s tru c tu re s  o f plasm ids o f th e  
A p r Escherichia coli colonies w ere analysed  b y  m eans of m iniscreens [9]. T he 
m a jo r ity  of th e  clones co n sis ted  of th e  v ec to r w ith o u t an y  in se r t o f yeast D N A  
(F ig . 1). In  a few  in s ta n c e s , in sert-co n ta in in g  p lasm ids w ere iso lated  (F ig. 1, 
pM M 3, 4 and 5). T h e ir  s tru c tu re s  ind ica te  t h a t  th e y  can  h a rd ly  be in te rp re te d  
as a rte fac ts  p ro d u ced  in  th e  construc tion  of th e  gene lib ra ry . These p lasm ids 
c o n ta in  d ifferent a m o u n ts  o f th e  sam e in se rt in  th e  tw o o rien ta tio n s ; in  pMM4 
a n d  5, some of th e  n o n -fu n c tio n in g  p a rts  o f th e  pB R 322  sequences were lost 
(F ig . 1). This in se rt D N A  hybrid izes to  to ta l  y e a s t D N A  u n d e r s trin g en t con
d itio n s  (10, no t show n), a n d  do n o t com plem ent th e  cdc35ts m u ta tio n  [11, 12]. 
T hese  findings su g g ested  th a t  th is  in sert som ehow  p rom otes recom bination . 
T h e  rescue of th is  in s e r t  D N A  in PMM4 w ith o u t th e  T R P -A R S  frag m en t, 
how ever, h in ted  a t  th e  a b ili ty  for its  own m a in ten an ce , w hich can  be explained  
as a function  of an  a u to n o m o u sly  rep lica ting  sequence ( A R S ,  [13]), or a 
cen tro m ere  (C E N , [14]). To te s t  these  ideas, th e  H I  S3  gene [15] was cloned 
in to  pMM4, w here th e  p u ta t iv e  function  can be s tu d ied , as follows. D eletion of 
th e  S aZ I-P ru II f ra g m e n t o f  th e  pB R 322 sequences o f pMM4 w as acieved b y  
p a r t ia l  digestions an d  re-iso la tio n s of DNA frag m en ts  o f th e  co rrec t size from  
agarose  gels. The B a m H I d igested , K lenow re p a ire d  X h o I c u t fragm en t of th e  
H I S 3 + gene [15] w as l ig a te d  b y  fusing th e  S a ll -X h o l  sites an d  th e  b lu n t ends 
o f  th e  vec to r and th e  H IS 3  gene, reco n stru c tin g  th e  B a m H I site . The resu lting  
p la sm id , pNW 13 (F ig . 1), h av in g  a single S a il  s ite  in  th e  c ry p tic  region, was 
u sed  fo r ta rg e ted  tra n s fo rm a tio n  into th e  hom ologous region [16] of the  his3~ , 
leu2~  hom ozygous d ip lo id  s tra in .

Genetic and biochemical analysis o f the H I S 3 + yeast transform ants. D iploid 
tra n s fo rm a n ts  w ere se lec ted  on MM -f- leu p la te s , an d  th e n  tran sfe rred  onto
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F ig. 1. Physica l m ap s o f plasm ids rescu ed  fro m  cdc35ts y e a s t tran s fo rm a n ts  grow ing a t  37 °C 
(pM M 3, 4 an d  5) a n d  fro m  H I S 3 + co m p le m e n te d  cells (pM M 6); pN W 13, ca rry in g  th e  H IS 3  
gene, a : th e  s tru c tu re  o f  th e  lib rary  D N A ; w a v y  line: th e  in se rted  y e a s t D N A . E : Eco К I , P: 

P s i l ,  B: B am H I, H : H m d I I I ,  S: S a il,  A: A v a l

sp o ru la tio n  m ed ium . Asci w ere d issec ted  a n d  a random  sp o re  analysis was 
m ad e  by  p la tin g  a  liquots o f sp o re  suspensions onto  MM 4 leu  -j- u ra  — 
-f- trp -)-/-h is  p la te s . A 2 : 2 seg reg a tio n  of th e  H I S 3 +lhis3~  m ark ers  was o b 
se rv ed , show ing a nuclear in h e rita n c e , i.e. th e  in teg ra ted  s ta te  o f th e  H IS 3  + 
gene. T he H I S 3 + ch a rac ter w as s ta b ly  in h e rite d , as w as ju d g e d  v ia  severa l 
re p lic a  p la tings o f  th e  haploid  cells on Y E P O  p la tes , th e n  b y  a se lection  on 
MM -)- leu t r p  -+- u ra + /-h is  p la te s :  all o f th e  clones w ere grow n w ith o u t 
h is tid in e . T hese re su lts  suggested  t h a t  th e  in se r t D N A  w as n o t  an  A R S  or a 
C E N  e lem ent.

T he to ta l  D N A  was iso la te d  from  th e  d iploid tra n s fo rm a n ts , d igested  
w ith  f f i n d l l l  an d  sep ara ted  in  ag a ro se  gels. U nd igested  D N A  w as loaded , to o . 
pB R 322  D N A  w as n ick -tran s la ted  w ith  32P  an d  was used as a p robe  for h y b rid 
iz a tio n  u n d er s tr in g en t co n d itions ([10], F ig . 2). U nd igested  D N A  gave th re e  
b an d s  co rrespond ing  to  an in te g ra te d  p lasm id , and  tw o , n o n -sto ich iom etric  
b a n d s , w hich m a y  correspond to  OC an d  CCC form s of p lasm id  D N A  circles 
(from  to p  to  b o tto m ). W hen th is  D N A  w as digested  w ith  .H m d III , tw o bands 
ap p eared  in  th e  au to rad iog ram  (F ig . 2) w ith  sizes of 4.2 an d  3.6 k ilobasepairs
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F ig. 2. H y b rid iza tio n  of u n d ig es ted  (a) a n d  i f m d l l l  d igested  (b) to ta l  y eas t D N A  from  th e  

pN W 13 tra n s fo rm a n ts  to  a pB R 322 probe

(kbp ). The sam e to ta l  y e a s t D N A  was used  to  tra n s fo rm  E . coli to  A pr. A n a ly 
sis o f  th e  clones rev ea led  th e  rescue o f a  h igh ly  d e le ted  3.7 kbp  p lasm id , a  d e riv 
a tiv e  o f pN W 13 (F ig . 1, pM M 6), a p p a re n tly  m issing  th e  H I S 3 + reg ion  and  
th e  b u lk  of th e  pMM4 in se rt.

C onclusions

A  2 : 2 seg reg a tio n  o f th e  H I S 3 +/h is3~  loci w as observed  w hen pN W 13 
tra n sfo rm e d  diplo ids w ere d issected , show ing a n u c lea r  in h e ritan ce  o f th e  
tra n sfo rm e d  m ark er. T h e  h y b rid iz a tio n  p a tte rn  o f th e  u nd igested  D N A  sug
gested  th e  presence o f  th e  pB R 322 sequences in  an  in te g ra te d  an d  in  a free 
c ircu la r form . i i m d I I I  d igestion  co n v erted  th ese  th re e  bands in to  tw o  fra g 
m en ts , corresponding  to  c u ttin g -o u t of th e  in te g ra te d  sequence and  fo rm a tio n  
of a lin e a r  band  from  th e  c ircu la r D N A . The pMM6 p lasm id  DNA, a d e riv a tiv e  
of pN W 13, was rescued  from  tra n s fo rm a n ts  hav ing  th e  sam e size an d  a single 
H i n d ï ï ï  site  (pMM6), co rrespond ing  to  th e  c ircu lar D N A  in  Fig. 2. These 
re su lts  can  be ex p la ined  as follows.

(i) The tra n sfo rm in g  pN W 13 D N A , if  in te g ra te d  in  dip lo id  cells, h ad  
lo st th e  H I S 3 + sequences, since no 4.2 k b p  frag m en t can  be expected  b y  in te 
g ra tio n  in to  an y  of th e  hom ologous reg ions, w hen d igested  w ith  H ïn d l I I .  F o r
m a tio n  o f such a f ra g m e n t can  on ly  be  expected  from  p a r tia l  deletion  o f th e  
pM M 4 in se rt too .

(ii) F u rth e r  d e g ra d a tio n  of th is  in se r t to o k  p lace , w hen  pMM6 p lasm id  
D N A  w as form ed in  th e  tra n s fo rm a n t d ip lo id  cells (F ig . 1).

(iii) H a lf o f th e  cells becam e s tab le  H I S 3 + as a re su lt o f a non-reciprocal 
exchange betw een  th e  pN W 13 p lasm id  sequences an d  th e  hom ologous regions 
of th e  chrom osom es.
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(iv) A sim ilar phenom enon  w as d e te c te d  on th e  dele tion /inversion  o f 
D N A  sequences (E . coli an d  yeast) in  pM M 3, 4 a n d  5 p lasm ids.

T he resu lts  su g g est th a t  th e  n o n -co m p lem en tin g  region rescued  from  
tran sfo rm ed  cdc35ts cells growing a t  37 °C has a s tro n g  d irec tive  recom binogen- 
ic effect, p rovok ing  conversion of th e  H I S 3  gene from  p lasm id  to  chrom osom e 
in  dip lo id  cells.
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(Received A u g u s t 18, 1988)

T h e  p ro to ty p e  s tra in  o f the  hum an a d e n o v iru s  ty p e  35 (AV35) was exam ined . Б а т Ш ,  
H coRI, H i n d l l l ,  K p n l ,  P e l l ,  and  Sail re s tr ic tio n  endonucleases w ere used  for th e  m ap p in g  of 
DN A  frag m en ts . T hree o rig in a l m aps were c o n s tru c te d , and  p rev iously  published  m ap s were 
som ew hat m odified. A P sil-sp ec ific  fragm ent l ib ra ry  w as also p rep ared  and  ch arac te rized  using  
th e  pB R 3 2 2 /H . coli sy s tem . Some of the  re c o m b in a n ts  seem  to  be app licab le  for ra p id  D N A  
d iagnostics, an d  for th e  co m p ara tiv e  m app ing  o f ty p e -  and  subgroup-specific  D N A  sequences. 
The c o m p ara tiv e  p re se n ta tio n  of physical m a p s  of subgroup  В h u m an  adenov iruses m ig h t 
im p ro v e  th e  efficiency of g en o typ ing  of ad en o v iru se s  using  re s tr ic tio n  endonucleases.

T h e iso lation  o f h u m a n  adenov irus ty p e  35 (AV35) has been re p o rte d  f irs t 
in  1977 [1]. I t  has been  characterized  as th e  m em ber o f  subgroup  В ad en o v i
ruses an d  could be classified  to g e th er w ith  ty p es  AV 11, AV 14 an d  AV 34 as 
D N A  hom ology c lu s te r  I I  of su bgroup  В adenov iruses [2]. These v iru ses  pos
sess a ff in ity  for th e  o rg an s of the  u ro g e n ita l t r a c t ,  an d  a re  freq u en tly  iso la ted  
from  im m uno-com prom ized  p a tien ts  i.e . from  p a tie n ts  suffering from  acq u ired  
im m u n e  deficiency syndrom e (A IDS) [3].

R ela tedness o f  D N A  sequences o f  su bgroup  В hum an  adenov iruses to  
o th e r  subgenera  has been  com pared b y  D N A  h e te ro d u p lex  s tud ies [4] an d  
b y  D N A -D N A  liq u id  h y b rid iza tio n  [5]. N evertheless, de ta iled  e x a m in a tio n  of 
AV35 D N A  includ ing  restric tion  end o n u clease  m app ing  and cloning has been 
p u b lish e d  only  b y  V alderram a-L eon  e t  al. [6].

Since n a tu ra l iso lates of A V14/35 have  been ob ta in ed  re c e n tly  also in  
H u n g a ry  (G. F e jé r, M. U j, G. Szűcs a n d  Gy. B erencsi, u n p u b lish ed  d a ta ) , 
th e  q u ick  id e n tif ic a tio n  of the  m em bers o f D N A  hom ology c lu ster I I  o f h u m an  
su b g ro u p  В v iruses becam e p rac tica l re q u ire m e n t. I n  th is  paper th e  construe-
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t io n  of new re s tr ic tio n  endonuclease m aps o f  th e  AY35 D N A , an d  th e  p re p a 
ra t io n  of an  o v erlap p in g  frag m en t lib ra ry  o f  in te rn a l P s t l  frag m en ts  are  d e 
scribed . The cloning sy s tem  used  allow ed re f in m e n t of re s tr ic tio n  endonuclease 
m ap s of АУ35 D N A  p u b lish ed  earlier b y  o th e rs  [6]

M aterials and m ethod s

Viruses and tissue cultures. T he p ro to ty p e  s tra in  o f h um an  АУ35 w as o b ta in ed  fro m  
D r. M. N . O xm an, San  D iego, C alifornia, USA, [1]. In o cu la  for th e  suspension cu ltu res w ere 
re g u la rly  p repared  on th e  h u m a n  cell line “ 293”  tra n s fo rm e d  by  th e  D N A  of h u m an  AY5 [7]. 
N o t m ore th a n  tw o p assages w ere suffic ien t to  increase  v iru s t it re  for th e  e ffic ien t in fec tio n  of 
H E p 2  suspension cu ltu res  g row n in C a+ + -free E ag le ’s M EM  su p p lem en ted  w ith  2 т м  argi- 
n ine-H C l, 0.09 p a r ts  o f n ew born  calf serum  an d  a lte rn a tin g  pa irs of conv en tio n al a n tib io tic s  
(s trep to m y cin , lO O ^g/m l; p en ic illin  200—5 0 0 ^ g /m l; k a n am y c in  SO ^g/m l; am pic illin  lO O ^g/m l: 
e ry th ro m y cin  50 /^g/m l; c ep h a lex in  lO O ^g/m l). T he c u ltiv a tio n  and in fec tion  of th e  “ C incinati 
lin e ”  o f H E p2 cells in  susp en sio n  cu ltu res  was described  in d e ta il [8, 9].

P urification  o f  v ir io n  and viral D N A .  V iru s-in fec ted  cells were p e lle ted  7 or 11 d ay s 
a f te r  infection by  low  speed  cen trifu g a tio n . F resh  m ed iu m  w as added  to  th e  in fec ted  cells on  th e  
fo u r th  and  sev en th  d ay  follow ing in fection . T he cell p e lle t was e x tra c te d  tw ice w ith  0.4 м 
N aC l, 5 m g/m l T rito n  X  100 an d  10 т м  T ris-H C l, p H  7.5 fo r 10 m in a t  room  tem p e ra tu re , a n d  
cen trifu g ed  a t  5000 g  a t  + 4  °C for 20 m in. T he su p e rn a te s  w ere u n ited , an d  th e  v irus p a rtic les  
w ere  purified  by  e q u ilib riu m  g ra d ie n t c en trifu g a tio n  using  p reform ed CsCl g rad ien ts  (1.1 to  
1.4 g /m l) in 10 т м  T ris -H C l, p H  7.5 [10, 11].

T he viral D N A  w as p u rified  from  d ialyzed frac tio n s  o f th e  CsCl g rad ien ts  co n ta in in g  
v iru s  particles. Sam ples w ere tre a te d  w ith  p red igested  p ronase  (1 m g/m l) in  th e  presence of 10 
m g /m l SDS and 20 т м  T ris -H C l, p H  7.5 a t  37 °C fo r 60 m in. D epro te in iza tion  was done w ith  
w a te r-sa tu ra te d  p heno l a n d  chloroform  : isoam yla lcoho l according to  s ta n d a rd  pro toco ls 
[10- 12].

Separation o f  restriction endonuclease fragm en ts o f  D N A .  R estric tio n  endonucleases 
B a m H I, E coR I, J T m d ll l ,  K p n l ,  Sa l I and  P stl  w ere p u rch ased  from  R ean a l (B u d ap est) an d  
u sed  as described earlier [11]. H o rizo n ta l agarose slab gels w ere p repared  from  low  E E O  agarose  
(N o. A-6013; Sigm a C hem ical Co., St. Louis, M issouri, o r H G T /P  agarose; SeaK em , M arine 
Colloids R ockland, M aine, U SA ) an d  ru n  a t  I to  2 V /cm  [13]. The gels (8 to  12 m g/m l) w ere 
s ta in e d  w ith  e th id iu m  b ro m id e , and  p h o to g rap h ed  on F o r te p a n  400 film s (F o rte , Vác, H u n - 
gary).

H in d i l l  frag m en ts  o f th e  h u m an  AV ty p e  1 D N A  w ere used as size m ark ers  [3, 11]. T he 
p h y s ic a l m aps of h u m an  AV2 D N A  were gen era ted  b y  c o m p u te r processing of sequence d a ta  
k in d ly  p u t  to  our d isposal b y  R. R o b erts  (Cold Spring  H a rb o r L abs., Cold Spring H arb o r,
N . Y ., USA).

P artial he at-dénaturation  o f re s tr ic tio n  frag m e n ts  w as preform ed in  fo rm am ide : SDS 
m ix tu re  (10 m g/m l SD S in  100 т м  T ris-H C l, pH  7.2; ra tio  1 : 1) a t  d iffe ren t tem p e ra tu re s  
[14]. D N A  fragm en ts o f id en tica l e lectrophore tic  m o b ility  w ere iden tified  by  b lo t-h y b rid iza tio n  
[13]. Synpore  (P rague, C zechoslovakia) or Schleicher-Schüll (Dassel, FR G ) n itrocellu lose  filte rs  
w ere used  as DNA carrie r. T h e  D N A  sam ples w ere lab e led  using th e  nick tran s la tio n  k i t  o f 
B e th e sd a  R esearch L abs. (G a ith e rsb u rg h , M ary land , U SA ), according to  th e  p ro toco l of th e  
m an u fa c tu re r . The a lp h a -32P -A T P  was supplied  by  Iz in ta  (B u d ap est) in  e th an o l : w a te r (1 : 1). 
T h e  specific activ ities w ere b e tw een  13 and  110 T B q / т м .  Sephadex  G-50 colum ns were used  
fo r d e te rm in a tio n  of th e  specific  a c tiv ity  o f th e  labeled  D N A  [13].

Blot hybridization  w as pe rfo rm ed  in  0.5 p a r ts , or 0.55 p a rts  of fo rm am ide  a t  37 °C in  
th e  p resence of 6 X SSC. T he filte rs  were p re tre a te d  w ith  n o n -fa t  d ry  m ilk dissolved in  th e  a p 
p ro p ria te  con cen tra tio n  of fo rm am id e  and  10 m g/m l SDS [13, 15, 16]. The filte rs  were w ashed 
tw ice  w ith  prew arm ed (60 °C) lx S S C  an d  1 m g/m l SD S in  o rder to  ob ta in  in te rm ed ia te  s tr in 
g ency  of h y b rid ization . T he a u to ra d io g ra p h y  was p e rfo rm ed  a t room  tem p e ra tu re  for several 
d ay s  i f  requ ired . D up lica te  film s H S 1 1 (Orwo, W olfen, G D R ) or M edifort (F o rte , V ác, H u n g a ry ) 
w ere u su a lly  exposed.

Cloning o f  P s t l  D N A  fragm en ts o f  A V 3 5 .  T he pB R 3 2 2  and Escherichia coli HB101 
h o s t/v e c to r  system  w as u sed  [13, 17]. T he AV35 D N A  w as p a rtia lly  d igested  w ith  P stl  endo
n u c lease  un d er con tro lled  con d itio n s, an d  linear pB R 3 2 2  D N A  was lig a ted  w ith  th e  p re p a ra 
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tion , w hen m o st o f th e  D N A  w as p a rtia lly  cu t, b u t  all fin a l D N A  frag m en ts  could be a lre ad y  
recognized in  th e  gels [18]. L ig a tio n , tran sfec tio n , a n d  re iso la tio n  o f th e  recom binan ts w ere 
exac tly  perfo rm ed  as suggested  b y M an ia tis  e ta l .  [1 3 ] .R e c o m b in an tsp A d l2 R IC  andpA d 5 X h o C  
carry in g  left te rm in a l frag m e n ts  o f AY12 and  AV5 D N A , resp ec tiv e ly  [19], were included  in to  
some of th e  experim en ts.

Iden tifica tion  o f  recombinants. The clones w ere iso lated  and  cu ltiv a ted  in Y TB . T he 
a lkaline  lysis p ro ced u re  w as chosen following ch loram phenico l am p lifica tio n  (170 /ig /m l) for 
p lasm id  pu rifica tio n . T he endonuclease  d igestion , an d  frag m en t id en tific a tio n  was id en tica l 
w ith  p rocedures used  fo r frag m e n ts  iso lated  from  v ira l D N A  [13].

R esu lts

The re s tr ic tio n  endonuclease fra g m e n t p a tte rn s  are  show n in  F ig . 1. 
The p a tte rn s  w ere o b ta in e d  in  gels o f 10 m g/m l w itli K p n l  (lane 1), P s i l  (lane 
2), B am H I (lane 4) H in d ]  11 (lane 5), S a il  (lane 6) and  E co R I  (lane 8) enzym es. 
The p a tte rn s  o f H i n d l l l ,  B am H I, and  P s tl  w ere fo u n d  to  be corresponding to  
th e  d a ta  p u b lished  ea rlie r [6, 20]. The len g th s  of th e  frag m en ts  were d e te rm in ed  
in  co m p ara tiv e  ex p e rim en ts  to  th e  H i n d l l l  frag m en ts  o f A V I [11] an d  th e  d a ta  
are  given in  T ab le  I.

Fig. 1. E lec tro p h o re tic  p a t te rn s  of re s tr ic tio n  endonuclease frag m en ts  of АУ35 D N A . T h e  
e lectrophore tic  se p a ra tio n  w as perform ed in  a n  agarose slab gel o f 10 m g/m l, a t  room  te m p e r 
a tu re  an d  2 V /cm  fo r 16 h. Controls (lanes 3 an d  7 fo r tw o d iffe ren t slab gels) w ere i i m d l l l  
cu t DN A  of h u m an  AV-1 [11]. E nzym es used  fo r th e  d igestion  o f AV35: K p n l  (lane 1), P s tl  
(lane 2), R o m H I (lane 4), H in d l l l  (lane 5), S a il  (lane 6), a n d  E co R I (lane 8). C ap ita l le tte rs  

in d ica te  frag m e n ts  o f decreasing le n g th  M n  lis ted  in  th e  colum ns of T able I
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Table I

Estim ated num ber o f  basepairs o f  restriction endonuclease fragm ents o f  A V 3 5  D N A

F ra g m e n ts
R e su lt o b ta in e d  w i th  r e s tr ic tio n endonucleases in k ilobase  p a irs

—
.EcoRI S a il K p n l H irtd H I B a m H I Psfl

A 22.3 11.2 10.35 10.65 9.05 7.75
В 7.3 9.4 9.5 5.8 5.25 6.9
C 6.0 9.3 6.6 5.05 4.3 5.6
D — 5.4 3.7 3.5 4.2 2.65
E — — 3.6 3.45 3.3 2.65
F — — 1.6 3.4 1.98 2.5
G — — — 2.3 1.67 1.5
H — — — 1.35 1.67 1.3
I — — — — 1.47 1.3
J — — — — 1.15 1.05
К — — — — 0.95 1.05
L — — — — 0.6 0.8
М — - — - — 0.5

T o ta l 35.6 35.3 35.35 35.5 35.59 35.55

T he v ira l D N A  w as d igested  w ith  p a irs  o f re s tric tio n  endonucleases as 
describ ed  in  p rev ious jiapers [10, 11, 21]. T he te n ta tiv e  p h y sica l m aps con
s tru c te d  are  show n in  Fig. 2. In  o rd e r to  m ak e  la te r  discussion easier, all th e  
d a ta  availab le  on h u m a n  subgroup  В re s tr ic tio n  endonuclease m aps h av e  
b een  sum m arized  in  F ig . 2. T hree o f th e  m ap s are published f irs t in  th is  p ap e r, 
an d  som e frag m en ts  o f B am H I an d  P st I  m ap s w ere iden tified  f irs t b y  us.

M olecular cloning o f  the D N A  o f  A  V35. The m ost com plex  physical m ap  
w as o b ta in ed  w ith  th e  P s i l  enzym e (F ig . 2 and  reference [6]). T herefore  th e  
v ira l  D N A  was p a r tia lly  digested w ith  P s i l ,  and  a fragm ent l ib ra ry  was cloned 
in to  pB R 3 2 2 /P . coli sy stem . The to ta l  AY35 genom e except th e  tw o  te rm in a l 
D N A  frag m en ts  cou ld  be recovered  fro m  th e  clones. The v ira l D N A  frag m en ts  
reco v ered  from  th e  reco m b in an ts  are  su m m arized  in  Fig. 3. T he b lack  h o rizon 
ta l  b a rs  above th e  p h y sica l m ap of th e  v ira l D N A  ind icate  th e  D N A  fragm en ts 
p re se n t in  in d iv id u a l recom binan ts. T h e  reco m b in an ts  were d igested  w ith  d if
fe re n t re s tr ic tio n  endonucleases, an d  th e  re su lts  are  show n b y  v e rtic a l arrow s 
(re s tr ic tio n  endonuclease  sites in d en tified  in  th e  cloned AY35 D N A  fragm en ts) 
an d  b y  open h o rizo n ta l bars ( B am H I, f í m d I I I  and  E roR I frag m en ts  recovered  
from  th e  reco m b in an ts  show n below) in  F ig . 3.

T he D N A  com position  of som e of th e  reco m b in an ts  from  th e  to ta l  of 26 
clones cha rac terized  in  d e ta il are show n in  F ig . 4. The reco m b in an ts  have been 
re c u t  w ith  Pst I enzym e. T he con tro l w as P s tl-fra g m e n ts  of v ira l D N A  (lane 1). 
T h e  lin ea r  pB R 322 D N A  is v isualized  as a series of bands p re sen t in  all b u t 
th e  co n tro l lane. T h e  frag m en t com positions in  th e  d ifferen t reco m b in an ts
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Fig. 2. Com parison of re s tr ic tio n  endonuclease  m aps of th e  D N A  of h u m an  subgroup  В ad e 
noviruses. The scale is g iven  in  b o th  kilobase pairs (kb) an d  m ap  u n its  (m u). C ap ita l le tte rs  
in d ica te  only th e  frag m e n ts  o f AV35 D N A . A sterisks in d ica te  t h a t  th e  S tna I an d  H p a l  m aps 
(n o t exam ined in  th is  w ork ) hav e  been red raw n  from  th e  p a p e r o f V alderram a-L eon  e t al. [6] 
w ith o u t m odification . T h e  m ap s of ty p es  3, 7, an d  16 w hich  belong  to  th e  DN A  cluster I  o f 
sub g ro u p  В hum an  adeno v iru ses were tak e n  from  num erous references [22, 25-29], excep t for 
th e  P s i l  m aps. The la t te r  has been m easu red  by  us, and  th e  le ft h a lf  was de te rm in ed  b y  E n g le r 
a n d  K ilp a trick  [23] in  1981. N u m b ers in d ica te  possible d ifferences in  AV11, 14 an d  34 genom es 

on th e  basis  o f p u b lished  frag m en t p a tte rn s  [2, 20, 24, 33]

show n are  th e  fo llow ing: D -|- G -f- F  (lane 2), D G (lane 3), D G +  I  +  
_ |_  M  _j_ H  (lane 4; n o te  th a t  th e  band  H  +  /  is m ore  in tensive ly  sta in ed  
th a n  fragm en t G), К  (lane 5; n o te  th a t  th e  id en tica l frag m en t J  is th e  t e r 
m in a l one, th e re fo re  it  c an n o t be cloned in  th e  sy s tem  used), E  an d  D  (lane 6 
an d  8), H  and  I  (lanes 7 an d  11), M  (lane 9), F  -f- В  (lane 10), and  В (lane 12).

Blot hybridization using cloned A V 3 5  fragm ents. In  o rder to  co n stru c t 
D N A  probes fo r D N A  diagnostics th e  a u th en tic  sequences w ith in  th e  reco m 
b in a n ts  were con tro lled . T he reco m b in an ts  w ere labe led  b y  n ick  tra n s la tio n  in  
v itro  and  th e  b lo tte d  D N A  from  viruses and  o th e r reco m b in an ts  w ere id en tified  
w ith  these  32P -sam ples. T he con tro l of th e  tw o  la rg e s t reco m b in an ts , an d  th e  
sep ara tio n  of re c o m b in a n ts  ca rry in g  in serts  o f id e n tic a l leng ths are  show n in  
Fig. 5.

The largest rec o m b in a n t, ca rry ing  P s tl- f ra g m e n ts  o f AV35 A  -f- L  -f- 
- f  К  H  was lab e led  w ith  32P  isotope. These sequences can  be  in d en tified
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Fig. 3. P s il-fra g m e n t co m b in a tio n s p re sen t in  th e  frag m en t lib ra ry  p rep ared  in  p B R 3 2 2 /P . coli 
sy s tem . T he P stI m ap  of AV35 DN A  is show n below , to g e th e r w ith  th e  scale (m ap  u n its  and 
k ilobase  pairs). The h o rizo n ta l solid bars in d ic a te  th e  DN A  regions p re sen t in  d iffe ren t recom 
b in an ts . The v e rtica l d o tte d  lines in d ica te  P s il- s ite s  w hich had  been a tta c h e d  to  th e  single 
P s tl- s ite  of th e  pB R 322 in  d iffe ren t reco m b in an ts . Open ho rizo n ta l b a rs  in d ic a te  d ifferen t 
re s tr ic tio n  endonuclease frag m e n ts , w hich h a d  been  recovered  from  re co m b in a n ts  using th e  
enzym es in serted  in to  th e  correspond ing  level o f th e  figure. V ertical arrow s in d ic a te  restric tio n  

endonuclease  sites d e te c te d  in th e  specific in serts

1 2 3 4  5  6  7 8 9  10 11 12

Fig. 4. P s il-fra g m e n ts  of AV35 D N A  re iso la ted  from  th e  pB R 322 reco m b in an ts . S ep ara tio n  in 
agarose  gel (10 m g/m l) w as done as described in  th e  legend of Fig. 1. T he co n tro l was P s il-  
-d igested  AV35 DNA. L anes 2 to  12 were used  for th e  sep a ra tio n  of P stI-d ig ested  reco m b in an ts . 

The ban d  p re sen t in all lanes rep resen ts  th e  u n it leng th  pB R 322 m olecule
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Fig. 5. B lo t h y b rid iza tio n  o f A V I, АУ35 an d  re co m b in a n t DNA frag m en ts  w ith  th e  la rg e s t 
reco m b in an t fo u n d  in th e  P s tl  frag m en t lib ra ry . pA d 3369 was th e  p ro to co l n u m b er o f th e  
clone, labe led  b y  nick  tra n s la tio n . Only frag m en ts  d e tec ted  by  a u to ra d io g ra p h y  are d en o ted

by  c ap ita l le tte rs

in  lanes b an d  6’ w hich co n ta in ed  only  AV35 D N A . O nly frag m en ts  A  -f- H  -f- 
-\- K  L  g ive a u to ra d io g ra p h ic  signals in  lane b’ w ith  labeled  reco m b in an t 
p A d 3 5 P stI-6 9 . Lane c co n ta in ed  a b lo tte d  reco m b in an t p re p a ra tio n , w ith o u t 
th e  p resence  o f frag m en t H . T he  au to rad io g rap h ic  p a tte rn  shows com plete  
hom ology  o f frag m en ts  A  -f- K  -f- L  in  a d d itio n  to  th e  signal g iven  w ith  pB R 322  
sequences (lane c’) .  T he  reco m b in an ts  in  lan es  d and  e m ay  c a rry  e ith e r P s tl -H  
o r P s t l - I  in se rts  of th e  sam e e lec tro p h o re tic  m obility . T he a u to rad io g rap h ic  
analysis w as n ecessary  to  p rove , th a t  o n ly  th e  p lasm id  in  lane  d is ca rry in g  
P s tl-H ,  a n d  th e  sam ple  of lane  e/e’ possesses no hom ology to  th e  p robe . A ll 
o th e r  reco m b in an ts  show n in  F ig . 4 h a v e  been  ch arac te rized  b y  one o f th e  
p rocedures described  above.

T he n ic k -tra n s la te d  D N A  probe in  th e  experim en t show n in Fig. 5 was 
rep resen tin g  10.9 kb  o f th e  AV35 genom e. I t  is an  im p o r ta n t re su lt of th is  
ex p erim en t th a t  u n d e r th e  h y b rid iz a tio n  conditions used  (0.55 p a r ts  o f for- 
m am ide) th e  reco m b in an t revealed  o n ly  v e ry  sm all hom ology to  th e  D N A  
frag m en ts  of AVI D N A  (lane a /o ’^. V ery  w eak  signal w as d e tec ted  above th e  
H i n d l l l - В  frag m en t o f th e  AV ty p e  1 genom e (not labeled  in  Fig. 5).
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D iscussion

The D N A  o f su b g ro u p  B h u m a n  adenov iruses has been exam ined  b y  
m a n y  au th o rs  w ith  d iffe ren t p rocedures [2, 4 -6 , 20, 22 -31 ]. Most o f th e  w ork  
h av e  been done w ith  th e  f irs t D N A  c lu s te r: physical m app ing  [22, 2 5 -2 9 ]; 
cloning [23]; h e te ro d u p le x  m apping  [4]; sequence hom ology  [5, 31, 32]. D a ta  
on D N A  clu ste r I I  becam e  availab le  o n ly  re c e n tly  [2, 4 -6 , 20, 24, 33]. T h e  p re 
sen t w ork, how ever, described  th e  f i r s t  sum m ariz ing  res tr ic tio n  endonuclease  
m aps on a c o m p a ra tiv e  m anner. T h ree  m aps of AY35 D N A  are o rig inal, an d  
m in o r co rrections h a v e  been done in  th e  B am H I, an d  P st I  m aps p u b lish ed  
earlie r [6].

D N A  d iag nostics is o f grow ing im p o rta n c e  in  th e  case of adenov iruses 
[2, 20, 24]. As m e n tio n e d  earlier [14], S a il ,  K p n l  and  P st I  p a tte rn s  also can  be 
used  to  d iffe ren tia te  su b g en era  from  each  o th e r, an d  th e  tw o  DNA c lu s te rs  of 
subgroup  В m ay  be  d iffe ren tia ted , to o . A pp ly ing  re s tr ic tio n  endonuclease m ap s 
in  connection  w ith  th e  ev a lu a tio n  o f d iagnostic  ex am in a tio n  of re s tr ic tio n  
endonuclease p a tte rn s , m ore specific re su lts  m ay  be o b ta in ed . Some ty p e  sp e 
cific  differences a re  d ra w n  (num bers 11, 14, an d  34 in  F ig . 2) using th e  p a tte rn s  
pu b lish ed  by  A d ria n  e t  al. [20, 24].

T he frag m en t l ib ra ry  cloned in to  th e  p B R 3 2 2 /£ . coli system  is o f p ra c 
tic a l im p o rtan ce . U sing  th e  reco m b in an ts  as reag en ts  for D N A  h y b rid iza tio n , 
type-specific  an d  subgroup-specific  sequences can be  m apped , and su b group- 
specific  probes m a y  be o b ta in ed  for ra p id  diagnosis. T he experim en t p re sen ted  
in  F ig . 5 in d ica tes  t h a t  subgroup-specific  differences m ay  be ob ta in ed  even  
w ith  probes of 10.9 k b . T h e  D N A  of A V I possesses f / in d l l l - f r a g m e n ts  D  -)- В  +  
-f- I  -f- J  be tw een  m ap  u n its  0.11 to  0.4 o v erlap p in g  w ith  th e  iso tope-labeled  
AV 35 frag m en t. I n  sp ite  of th is  only  i / i n d l l l - B  gave v e ry  w eak hom ology  
(lane a ja > in  Fig. 5) u n d e r  th e  conditions o f  h y b rid iza tio n  used.

T he p o la rity  o f th e  physical m aps p re sen ted  has been  m easured  b y  D N A  
frag m en t d é n a tu ra tio n  ([14]; experim en ts n o t p resen ted ). The co lin ea rity  of 
all m aps availab le  p ro v es th e  correct p o la r ity  of th e  m aps.
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Opening addresses

J .  T lG Y I

Head o f  the Biological Section o f  the H ungarian  A cadem y o f  Sciences; U niversity  
M edical School, Pécs, H ungary

O n b e h a lf  o f  th e  B iological Section  o f th e  H  u n g a rian  A cadem y  o f Sciences 
an d  its  L ocal C om m ittee  in  Pécs, I  g ree t you  w arm ly  on th e  occasion of the  
T en th  In te rn a tio n a l S ym posium  on Listeriosis.

I t  is a g rea t honour fo r us, th a t  you  have choosen Pécs second tim e  to  
ho ld  th is  m eetin g  here. T he value  o f th is  m eeting  is e lev a ted  b y  th e  su p p o rt 
o f W H O . T he new est in te rn a tio n a l epidem iological d a ta  illu s tra te  well the  
im p o rtan ce  o f th e  w orld-w ide listeriosis problem . T he role of food-stuffs in 
th e  sjm eading of pa thogens invo lved  in  these  researches and  discussions food 
p roducers an d  contro llers besides m edical docto rs an d  v e te rin a rian s . I t  is 
u rg e n t to  solve th e  uncleared  problem s of listeriosis because of th e  h igh  m or
ta l i ty  ra te  of p reg n an t w om en, th e ir  fetuses an d  new  h o rn  bab ies as well 
as th e  im im m e-com proniised  p a tie n ts . D ifferen t p rob lem s o f m ethodo logy , 
epidem iological tra c in g  an d  surveillance w ill be discussed also an d  we hope 
on th e  basis o f these  co n su lta tio n s th a t  th e re  w ill be possib ility  to  p repare  
a docu m en t w hich w ill p rom ote  a b e tte r  organized , m ore un ified  an d  m ore 
effective w ork  in  th e  world.

O ur to w n  and its  su rro u n d in g s are v e ry  rich in  h is to rica l m onum en ts 
an d  ev en ts  an d  I w ish all of you  to  be acq u a in ted  w ith  our h is to ry  and  
p resen t life, en joy  th is  tow n  and  have  a very  successful conference.

Á .  V a s s

Head o f  D epartm ent fo r  H ygiene and Epidem iology, H ungarian  M in is try  o f  Social 
A ffa irs  and Health, B udapest, H ungary

I t  is a p a r tic u la r  p leasure  for me to  w elcom e th e  p a r tic ip a n ts  a t  the  
T e n th  In te rn a tio n a l L isteriosis S ym posium  and  ro u n d  ta b le  conference on 
b eh a lf  of D r. J u d i t  Csehák, M in ister o f Social A ffairs an d  H e a lth  an d  of the  
M in is try ’s sen ior staff. We are rea lly  p leased  th a t  a f te r  1972, H u n g a ry  can 
host th is  im p o r ta n t scientific  m eeting  for th e  second tim e . The selection  of 
m y  co u n try  to  host th is  m eeting  for a second tim e  is of p a r tic u la r  im p o rtan ce  
to  us, since i t  expresses th e  recogn ition  of scien tific  research  w ork  of H u n 
g arian  ex p erts  in  connection  w ith  th is  p a th o g en  w hose im p o rtan ce  has been

A cta  M icrobiologica H ungarica  36, 1989 
A k a d ém ia i K ia d ó , Budapest



80 O PE N IN G  A DDRESSES

grow ing  in  recent y e a rs . M y th a n k s  are due to  th e  c ity  of Pécs, w hich, after- 
h av in g  been the  h o s t o f  several in te rn a tio n a l an d  n a tio n a l m edical sym posia 
o f  o u ts tan d in g  im p o rta n c e , w ill m ake it  possible fo r ex p erts  of th e  W orld  
H e a lth  O rgan iza tion ’s R egional Office of E urope, o f th e  In te rn a tio n a l O rgan i
z a tio n  of V eterinary  H e a lth  as well as for scien tists  from  25 co u n tries , am ong 
th e m  H ungary , too , to  have w orthw hile  discussions. T he im p o rtan ce  of th is  
m ee tin g  is also s tre ssed  b y  th e  fa c t th a t  W H O ’s H ea lth  for All B y  th e  Y ear 
2000 s tra teg y  inc ludes a ta rg e t on com bating  an d  con tro lling  com m unicable  
diseases and hazard s .

A disease w ith  h igh  case fa ta li ty  ra te , listeriosis in  h u m an s occurs in 
th e  new born and in  p re g n a n t w om en in  abou t h a lf  of th e  cases. A cause of 
concern  is th a t m uch rem ains to  be answ ered a b o u t th e  disease desp ite  in te n 
sive research. In  th e  eigh ties, epidem ics developed in  th e  U n ited  S ta tes , 
C an ad a  and S w itzerland  an d  sp read  th ro u g h  co n tam in a ted  foodstuffs, causing 
m uch  concern an d  fea r. This also urges th e  sc ien tific  co m m u n ity  to  m ake 
serious efforts to  c lea r scien tific  issues w hich have  rem ain ed  unansw ered  so 
fa r  an d  to  step u p  in te rn a tio n a l cooperation . T his m eeting  in  Pécs m ay  be 
a v a lu ab le  step to w a rd s  a tta in in g  th is  goal. I  w ish every  success to  its  w ork.

K . BÖGEL

Chief, Veterinary P ublic  Health, D iv is ion  o f  Communicable Diseases, W H O , Geneva,
Sw itzerland

I t  is a g rea t p leasu re  for me to  rep resen t th e  W H O  R egional Office for 
E u ro p e  and to  co n v ey  th e  greetings of D r. A sw all, th e  R egional D irector. 
H e requested  m e to  w ish you a successful conference and , in  p a rticu la r , to  
th a n k  all those w ho h av e  for m any  years fa ith fu lly  coopera ted  w ith  the  W orld 
H e a lth  O rganization .

Listeriosis is a d ram a tic  th o u g h  sporad ic  disease w-hich in  recen t years 
h as  m oved in to  th e  fo reground o f zoonotic diseases in  E urope  as well as in  
N o rth  Am erica. T h e  epidem iology of the  m a jo rity  of h u m an  cases is n o t ye t 
kn o w n  and w'e face th e  p roblem  of w idespread  occurrence of th e  infectious 
a g e n t, the  d is tinc t cond itions for its  accum ulation  an d  am plifica tio n  in  anim als 
an d  th e  env ironm en t, th e  suscep tib ility  of ce rta in  in d iv idua ls and  th e  various 
p a th w ay s  of in fec tio n . M uch research  is s till req u ired  to  e lucidate  all th e  cri
t ic a l  pa th s  and  th e  cond itions of th is  disease. W e are glad  to  see th a t  efforts 
con tinue  in th e  search  for m ethods of p rev en tio n  and  con tro l, n o t only  a t 
m icrobiological, e n v iro n m en ta l an d  technological level, b u t  also b y  app ly ing  
new est m ethodologies of m olecular pa tho logy  an d  epidem iology. T he Congress 
in  Pécs m ay b rin g  us a step  fu r th e r  in  th e  u n d e rs tan d in g  of th e  in fection  and  
th e  orien tation  o f fu r th e r  research  in  all its  com plex ity .
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T he W H O  C ollaborating  C entre  a t  th e  In s t i tu te  of V e te rin a ry  M edicine 
in  B erlin  (W est) issued in 1987 a vo lum inous book on th e  J o in t  W H O /R O I 
C o n su lta tio n  on P rev en tio n  an d  C ontrol o f L isteriosis, w hich  still serves as 
a basis for discussions an d  decisions. The conclusions of th is  jo in t  m eeting  
were sum m arized  in a special W H O  d o c u m e n t and  reconfirm ed in  its  essence 
b y  a W H O  In fo rm al W ork ing  G roup held in  F e b ru a ry  th is  y e a r  in G eneva.

O f course, m eetings o f th is  k ind  o rgan ized  by  W H O  aim  m ore a t  th e  
p rac tica l issues of research  coo rd in a tio n  an d  m anagem en t o f  surveillance , 
ep idem iological cond itions an d  cases of d isease. In  view o f th e  g rea t gap of 
know ledge concerning decisive fac to rs lead ing  to  sp read  an d  d isease, W H O  
w elcom es th e  o p p o rtu n ity  to  co -sponsor th is  Conference w hich w ill co n cen tra te  
on th e  sc ien tific  roo ts and  approaches in  lis teriosis  epidem iology  and  p re v e n 
tio n . P e rso n a lly , I am v ery  h a p p y  to  m eet w ith  so m an y  friends here in Pécs 
an d  to  be able to  w ork w ith  you  on th e  em erg ing  p roblem  o f listeriosis.

N . S k o v g a a r d

Secretary and Treasurer o f  the International Committee on Food M icrobiology and  
H ygiene; Royal Veterinary and Agricultural U niversity , Frederiksberg , D enm ark

I h av e  th e  honour on b e h a lf  of th e  “ In te rn a tio n a l C om m ittee  on Food 
M icrobiology an d  H yg iene”  of th e  “ In te rn a tio n a l U nion of M icrobiological 
Socie ties”  to  address th is  opening  session of th e  T en th  In te rn a tio n a l S y m p o 
sium  on L isteriosis.

F o r those  no t qu ite  fam ilia r w ith  th e  com m ittee  I  can  in fo rm  you th a t  
i t  w as founded  during  th e  “ In te rn a tio n a l Congress on M icrobiology” , held  in  
R om e, 1953. Since th e n  th e  com m ittee  has convened  13 in te rn a tio n a l sy m 
posia covering  m any  d iffe ren t fields of food m icrobiology an d  is in  good p ro 
gress to  p lan  its  fo u rteen th  sym posium  in Oslo, N orw ay, 1990. W orking p a rtie s  
an d  ro u n d  tab le  conferences h av e  been held in  betw een . In  1984 we lau n ch ed  
th e  In te rn a tio n a l Jo u rn a l of Food M icrobiology in  co llabo ra tion  w ith  th e  
“ In te rn a tio n a l U nion of M icrobiological Societies”  an d  th e  jo u rn a l has tu rn e d  
o u t to  be q u ite  successful.

I t  is now  w ell estab lished  th a t  food p lay s a m a jo r role in  th e  epidem iology 
of listeriosis an d  th e  co m m ittee  has been  very  h ap p y  to  su p p o rt an d  coopera te  
in  th e  p lan n in g  of the  sym posium . One perso n  deserves to  be m en tio n ed  in  
th is  connection , th e  sec re ta ry  D r. Béla R alov ich , who, I can  assure yo u , 
h as  succeeded in  overcom ing m an y  local an d  also cross b o u n d a ry  p rob lem s.

W e look fo rw ard  to  a successful and  en jo y ab le  sym posium  and  we are 
co n fid en t th a t  its  delibera tions w ill im prove ou r know ledge of Listeria  w hich 
has challenged  m ank ind  so severely  th e  la te s t  years.
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H . S e e l i g e r

In ternational Com m ittee o f  System atic Bacteriology, Taxonom ic Subcommittee o f  
Listeria , K rysipe lo thrix  and related organism s; Institu te  o f  Hygiene and  

M icrobiology, U niversity  o f  W ürzburg, W ürzburg, F RG

Since th e  p rev io u s  speakers h av e  a lread y  covered m ost of w h a t I  in ten d ed  
to  say, I ta k e  th e  lib e r ty  of rem in d in g  you  th a t  th is  is th e  second tim e  th a t  
w orkers in te re s te d  in  Listeria  and  lis terio sis  have  convened  for a sym posium  
in  Pécs. O nly v e ry  few  of to d ay ’s p a r tic ip a n ts  were am ong  those w ho a tte n d e d  
th e  m eeting  in  th e  la te  fall of 1972. T h is  m eeting  in  1972 becam e a m ile-stone 
in  th e  h is to ry  o f listeriosis research . I t  w as th e  In te rn a tio n a l S ub co m m ittee  
o f Listeria  of IC SB  w ith in  IUM S th a t  accep ted  th e  in v ita tio n  of th e  organizers 
to  th is  second m ee tin g  in  the  hope th a t  again  Pécs w ould  serve th e  fu n c tio n  
o f  bring ing  to g e th e r  scientists from  th e  easte rn  an d  w estern  h em isphere  to  
exchange new  know ledge and recen t d evelopm en ts in  th e  field . As a m a tte r  of 
fa c t nobody  w ould  h av e  dared to  a n tic ip ita te  n o t only  a second Pécs m eeting  
16 years ago b u t  a lso  th e  role Listeria  monocytogenes has ta k e n  during  th e  p ast 
years in  h u m an  epidem iology as cause of food-borne in fections, p rim a rily  in 
th o se  p a rts  o f th e  w orld  w hich are r ic h  an d  progressive. A t th e  sam e tim e  new 
m ethods are o ffered  to  cope qu icker an d  m ore effic ien tly  w ith  th e  problem s 
o f diagnosis, m o n ito rin g  of food p ro d u c tio n  and  hopefu lly , w ith  th e  p rev en tio n  
o f th e  illness. W ith  th ousands of h u m a n  cases of listeriosis every  y e a r  and  
hundreds w ith  f a ta l  outcom e th e  tim e  has come to  in itia te  a w orld-w ide 
cam paign  to  red u ce  th e  recognized new  d an g er to  avo idab le  p ro p o rtio n s. W ith  
th is  in  m ind, we e x te n d  to  all of you o u r best w ishes fo r a full success o f th is  
T en th  In te rn a tio n a l  Sym posium  on th e  P roblem s of L isteriosis.

B .  L á n y i

Chairm an o f  the Bacteriology Section o f  the H ungarian  Society o f  M icrobiology ;
N a tio n a l Institute o f  H yg iene , B udapest, H ungary

On b e h a lf  o f  th e  H ungarian  S oc ie ty  of M icrobiology I tak e  p leasu re  to  
e x ten d  a v e ry  w a rm  welcome to  all p a r tic ip a n ts  in  th e  T en th  In te rn a tio n a l 
Sym posium  on th e  P roblem s of L isteriosis. In  view  of th e  w orld-w ide lis teria- 
-h yste ria  in a sso c ia tio n  w ith  foodborne infections, i t  is no t a t  all u n u su a l to  
h ea r of a new  m e e tin g  on listeriosis, a n d  y e t, th e  E x ecu tiv e  C om m ittee  and  
m em bers of ou r S oc ie ty  were d e ligh ted  to  receive th e  news th a t  th e  In te r 
n a tio n a l L is te ria  M eeting  held in  H u n g a ry  in  1972, w ould be follow ed th is  
y ea r by  a n o th e r sym posium  in our c o u n try . I hope th a t  th is  m eeting  is going 
to  provide am p le  oppo rtu n ities  to  t ig h te n  th e  links am ong th e  num erous 
lis te ria  w orkers, m icrobiologists specialized  in  o th e r fields as well as ep ide
m iologists, food h y g ien is ts  and  p rac titio n e rs .

Acta Microbiologica Hungarica 36, 1989



O PE N IN G  A D D R E SSE S 83

In  H u n g ary , we have w ell-o rgan ized , efficient n e tw o rk s for m ed ica l 
an d  v e te r in a ry  m icrobiology. L a b o ra to rie s  devo ted  to  m edical, food a n d  
en v iro n m en ta l bacterio logy  have  b een  estab lished  in  th e  Pub lic  H e a lth  
S ta tio n s d u rin g  th e  p a s t s ix ty  y ears , a n d  re c e n tly  h o sp ita l b acterio logy  la b o ra 
to ries h av e  been jo in ed  to  th is  serv ice. W e have  s ta te  reg u la tio n s g o v ern ing  
th e  o p era tio n  of bacterio logy  la b o ra to rie s  a n d  th e re  is a new ly  form ed M icro
b io logy  A dviso ry  Council to  th e  N a tio n a l In s t i tu te  of H ygiene , w hich is in  
charge o f e labo ra ting  guidelines, p e rfo rm in g  q u a lity  co n tro l superv isions a n d  
ev a lu a tin g  s ta tis tic a l d a ta .

In  coopera tion  w ith  epidem iologists, we have m ade a good progress in  
su rvey ing  salm onellosis an d  o th e r en te ric  diseases, h o sp ita l in fections, re s is 
tan ce  to  an tib io tic s , e tc . As to  lis terio sis , ow ing m ain ly  to  th e  e n th u s ia s tic  
c o n tr ib u tio n  of m y  friend , D r. Béla R a lo v ich , a w ay  was opened  up  fo r a good 
p rogress, to o . H ow ever, as to  th e  p re v e n tio n  of th is  d isease, th e re  a re  s till 
m a n y  unan sw ered  questions in  our c o u n try  an d  elsew here, an d  I  hope, th e  
p re sen t m eeting  will fu rn ish  clue to  som e of these  problem s.

L. V á r n a g y

C hairm an, Veterinary Associa tion  o f  the H u n g a r ia n  Society o f  A gricu ltura l Sciences,
Budapest, H un g a ry

I t  is m y  privilege to  convey th e  g ree tings and  good w ishes of th e  H u n 
g a rian  v e te rin a rian s  to  th is  conference fo r a successful an d  m em orable  m eeting . 
One of th e  m ain  ta sk s  of th e  H u n g a rian  V e te rin a ry  Service has alw ays been  
th e  con tinuous p rev en tiv e  and  re g u la to ry  w ork  on th e  a rea  of zoonoses a n d  
of foodborne diseases. In  th is  area we h a v e  b een  w orking in  close co llabo ra tion  
w ith  th e  pub lic  hea lth  service of our c o u n try . These harm on ized  jo in t e ffo rts  
could  be tra c e d  back to  a lm ost a c e n tu ry  w hen excellen t y oung  professors 
(like P rofessor H u ty ra , Professor P re isz , a n d  Professor A ujeszky) becam e 
founders of th e  H u n g arian  v e te rin a ry  epidem iology, m icrobiology and  s ta te  
v e te r in a ry  m edicine. As a resu lt, we w ere successful in  e rad ica tio n  of severa l 
an im al diseases th a t  rep resen ted  a c o n s ta n t th re a t  to  h u m an  hea lth . In  th e  
la s t  decade, fo r in stance , a good co llab o ra tio n  betw een  th e  tw o  services helped  
us to  e rad ica te  bovine tubercu losis, bo v in e  a n d  porcine brucellosis.

F oodborne  diseases are  also co n tin u o u sly  m onito red , checked  and  fo u g h t 
w ith  jo in t efforts of th e  public  h e a lth  serv ice an d  o f th e  v e te r in a ry  service 
o f th is  co u n try . New developm ents in  d iag n o stic  and la b o ra to ry  tech n iq u es, 
an d  on th e  a rea  of new  or new ly recognized  diseases (like im m unodeffic iencies) 
a re  b ring ing  new  task s  fo r b o th  h u m a n  a n d  v e te rin a ry  sc ien tists . One such  
in fec tion  — ch arac terized  h y  alm ost e x p o n en tia lly  grow ing aw areness — is 
listeriosis.
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I t  w ill be th e  ta s k  of th is  conference (hav ing  a lm o st a ll the  d istingu ished  
sc ien tists  and  spec ia lists  of th is  field to g e th e r)  to  help us to  get an u p -to -d a te  
a n d  rea listic  p ic tu re  o f  th is  disease in  b o th  h u m an  an d  v e te rin a ry  m edicine, 
an d  to  define areas w here  th e  m ost u rg e n t actions should  be tak en  in o rd er 
to  p ro te c t h u m an  h e a lth  and /o r anim al losses. I am  convinced  th a t  th is  co n 
ference will accom plish  these m ain ta sk s  an d  will be reg a rd ed  in re tro sp ec t 
as one of the  key  e v e n ts  in the  row of lis te r ia  research  m eetings. I am  sure 
th a t  th e  sym posium  w ill estab lish  and  renew  collegial acquain tan cesh ip s  am ong 
specia lists of lis teriosis  from  different n a tio n s .

B ased on th e  fo re  m entioned , t r a d itio n a lly  good co llabora tion  be tw een  
h u m a n  and  v e te r in a ry  m edicine and  on our professional in te re s t, th e  H u n 
g arian  v e te rin a rian s  a re  looking very  m u ch  fo rw ard  to  lea rn in g  ab o u t th e  m a jo r 
outcom es of th is  m ee tin g . Therefore we are  p rep ared  to  re p o rt these b rie fly  
in  th e  H u n g arian  V e te rin a ry  Jo u rn a l.

F inally , in  th e  n am e of the  V e te rin a ry  A ssociation  of th e  H u n g a ria n  
S ociety  of A g ricu ltu ra l Sciences I h av e  th e  p leasure to  welcom e our gests a t  
th is  im p o rta n t sym p o siu m . We wdsh y o u  all a very  good professional m eetin g , 
w ith  good, c o n s tru c tiv e  and  friendly discussions an d  a v e ry  p leasan t s ta y  in  
H u n g ary .

Z. M o l n á r

Vice-President o f  the C ity Council o f  Pécs, H ungary

On b eh a lf o f th e  T ow n Council o f P écs as a h ost allow me to  greet w arm ly  
all th e  in te rn a tio n a l an d  n a tiona l le c tu re rs  as well as all th e  p a r tic ip a n ts  an d  
guests  of the T e n th  In te rn a tio n a l S ym posium  on L isteriosis. I t  is a g rea t 
h o n o u r for us t h a t  th is  Conference h as  b een  organized in  our tow n.

Pécs is an  in d u s tr ia l tow n w ith  a lo t  o f w orkers em ployed  by  th e  m ine- 
in d u s try . O ur 2000 y ears  old tow n  is w ell know n of th e  p reserva tion  o f th e  
tra d itio n s , she h as  been  considered as an  im p o rta n t c en te r of science an d  
cu ltu re  of th e  c o u n try . W e try  to  p ro m o te  th e  values of th e  earlier cen tu rie s  
w ith  an increasing  n u m b er of m useum s and  w ith  renew ing  th e  h is to rica l 
cen tre  of th e  to w n .

We are g lad  to  no tice  th a t  Pécs h as  becom e th e  host of m any  conferences 
an d  these sc ien tific  m eetings can fu lfill tw o  ta sk s: on th e  one hand  th e y  m ake 
possible for our e x p e rts  to  im prove th e ir  know ledge an d  on th e  o th e r h a n d  we 
hope to  m ake new  friends for th e  people  liv ing  in  th is  region.

Pécs is n o t o n ly  th e  basic cen tre  o f th e  H u n g a rian  in d u stry  an d  m in in g  
h u t  she has been  th e  scientific cen tre  o f ou r co u n try  fo r m any  cen tu ries, too . 
The firs t U n iv e rsity  o f H u n g a ry  w as fo u n d ed  in Pécs, in  1367 as th e  f if th  one 
in  E urope, fo llow ing  th e  foundation  o f th e  u n iv ersities in  P aris , P rag u e , 
K rakow  and  V ienna. P resen tly  Pécs is th e  scien tific  cen tre  of th e  S ou th  H u n 
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g a rian  region. The u n iv e rs ity  s ta ff  an d  t h a t  of the d iffe ren t research  in s t i tu 
tio n s  help  us to  solve th e  everyday  life problem s of socie ty , econom ics and 
h e a lth  crea tin g  th e  com m on in te re s t an d  cooperation  am ong  th e  re p re se n ta 
tiv e s  o f science and  p rac tice .

In  th is  w ay science has becom e p a r t  o f our life, i t  helps to  im prove our 
dev e lo p m en t and  fu tu re  existence. W e believe th a t  th e  com m on w ork  will 
p ro m o te  th e  peaceful coexistence o f  people . I hope th a t  y o u r Sym posium  
w ill re su lt in  m u ltila te ra l coopera tion  b e tw een  the th e o re tic a l and  p rac tica l 
specialists and  th a t  i t  will im prove th e  fu r th e r  researches in  th is  field . I  know  
th a t  th e  successful m eetings have a lw ays v e ry  s tric t tim e -tab le s , b u t in  sp ite  
o f  th is  fac t I  believe th a t  you will h a v e  th e  possib ility  to  v is it our tow n  an d  
see lo t of th e  nice h isto rica l m o n u m en ts . I  hope th a t  you w ill en joy  th em  an d  
y o u  w ill be im pressed  n o t only by  th e  c u ltu re  of p ast cen tu rie s  b u t  you can 
m ak e  consequences on th e  ev e ry d ay  life o f th e  in h a b ita n ts , too . Y ou will 
see how we t ry  to  fulfill th e  econom ic, c u ltu ra l and  civ iliza tion  req u irem en ts  
o f  people of our days based  on the  rich  h e rita g e  of the  fo rm er cen tu ries . I  w ish 
y o u  to  get acq u a in ted  w ith  th is  to w n  o f 2000 years old h is to ry  and  feel y o u r
selves well here. I  hope th a t  you will v is it us officially or p riv a te ly  in th e  n ea r 
fu tu re  also and  I  can  prom ise you th a t  you  will be alw ays ou r d istinguished  
g u ests  and  w ill be w elcom ed to  Pécs. O nce m ore I w ish you a successful 
conference.

M. B a u e r

Rector o f  the University M edica l School, Pécs H ungary

I t  is m y priv ilege to  greet you on  b e h a lf  o f the  M edical U n iv e rsity  of 
P écs . O ur U n iv e rsity  w illingly offers hom e and  facilities fo r o u ts tan d in g  
sc ien tific  ac tiv itie s . I t  is a g rea t h o n o u r t h a t  you  have chosen  Pécs as a site  
o f th e  Congress an d  I  dare  to  hope t h a t  th is  choice is in d ic a tiv e  of ce rta in  
recogn ization  and app rec ia tio n  of th e  w ork  done here in  th is  fie ld . I  w ish you  
m u ch  success and  a good tim e  here.
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Overview lectures

MULTISECTORAL APPROACH IN THE 
PREVENTION OF HUMAN LISTERIOSIS

K .  B ö g e Ij

Veterinary Public H ealth, D iv is io n  o f  Communicable Diseases, W orld Health  
Organization, Geneva, Sw itzerland

A new  d im ension  has been  added  to  ou r u n d e rs tan d in g  of h u m a n  
listeriosis th ro u g h  th e  s tu d y  of large-scale or com m on source o u tb re a k s  o f th e  
disease re la te d  to  food of an im al origin or to  th e  episode due to  coleslaw  
p rep ared  from  cabbage w hich m ay  have  been  co n tam in a ted  sh o rtly  p rio r to  
h a rv es tin g  b y  an  in fec ted  sheep flock . In  S w itzerland  an d  th e  F ederal R epub lic  
o f G erm any  in d iv id u a l and  re la tiv e ly  iso la ted  cases were re la ted  to  soft cheese. 
In  th e  lite ra tu re  o f th e  f irs t  h a lf  o f th is  c e n tu ry  we fin d  epidem iological o b se r
v a tio n s  suggestive for th e  foodborne tran sm iss io n  of th e  in fec tion  in  a d d itio n  
to  d ia p la c e n ta r , aerosol an d  c o n ta c t in fec tion . Listeria  monocytogenes ap p ears  
to  be m a in ly  am plified  in  sp read  an d  g ro w th  b y  m am m alian  species an d , 
in  p a r tic u la r , som e of the  food p roducing  dom estic  an im als. W h e th e r th is  is 
associa ted  w ith  an im al disease seem s to  be o f  no g rea t h u m an  h ea lth  sign if
icance excep t in  s itu a tio n s w here people pu rp o se ly  hand le  such sick an im als  
an d  are  there fo re  a t  p a r tic u la r  risk  of in fec tion .

A ll th e  aspec ts  of th e  epidem iological p a t te rn  such as cycles of an im al 
in fec tion  an d  disease, th e  role of th e  e n v iro n m e n t, cross-con tam ination  a long  
th e  food cha in , an d  m an  as v ic tim  and  ex c re to r p e rm it to  look a t  th e  o vera ll 
epidem iological process from  d iffe ren t angles w ith  a risk  of o v eres tim a tin g  
th e  one or th e  o th e r fac to r and  cond itions lead in g  to  th e  h u m an  disease. G aps 
in  know ledge can  easily  lead  to  a b iased  d escrip tio n  of th e  epidem iology  o f 
a disease p a rtic u la r ly  if  th is  affects reg u la to ry  issues or p ro d u c t m ark e ts .

I t  m ay  there fo re  be wise to  su b jec t th e  scien tific  analysis and  suggested  
p rac tica l app roaches to  a n e u tra l an d  well e s tab lished  m anageria l m eth o d s 
w hich  we m ay call sy stem s research . T he com plex ity  of approaches w hich  
we th in k  of as reasonab le  in  listeriosis p rev en tio n  w ould en ta il w ide in te r 
sec to ra l coopera tion .

K o n r a d  B ö gel
V ete rin a ry  P u b lic  H e a lth , D iv ision  o f  C om m unicable  D iseases, W orld  H e a l th  O rg an iza tio n , 
1211 G en ev a , 2 7 -S w itzerland
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T he firs t questio n  we should ask is in  w hich  sectors do we fin d  resources 
for th e  surveillance an d  p reven tion  of th e  d isease?  Of course, th e  rep ly  m u st 
re la te  to  a d is tin c t n a tio n a l set-up b u t  m a y  he generalized to  some e x te n t. 
R esources inc lud ing  la b o ra to ry  services cou ld  be loca ted  in  th e  follow ing 
sec to rs.

Public  h e a lth , inc lu d in g  in d iv id u a l h e a lth  care;
A nim al h e a lth , inc lud ing  farm ing  p rac tice ;
E n v iro n m en t, inc lud ing  w aste d isposal an d  rendering ;
M unicipalities, s lau g h te r hygiene an d  food inspection ;
T rade , e.g. e x p o rt/im p o rt req u irem en ts ;
In te rio r, e.g. fo r s tan d a rd iza tio n  of te s ts ;
D efense, e.g. food m icrobiology;
P riv a te  in d u s tr ie s :
— anim al feed;
— m ilk an d  m ilk  p roducts;
— m ea t an d  m e a t p roduc ts;
■— drugs an d  vaccine  developm ent.

A system atic  analysis  m ust show fo r each  of these sectors:

(a) w here and  how  L . monocytogenes infection  and  co n tam in a tio n  
d e tec ted  — co n trib u tio n  to  su rveillance;

(b) w hich g enera l m easures of p re v e n tio n  are being ta k e n , and
(c) w hich in te rv e n tio n s  are foreseen in  case of a positive find ing .

Follow ing such  an  approach  we m a y  recognize th a t  L . monocytogenes 
in fec tion  an d  co n ta m in a tio n  is n o t u b iq u ito u s  in  certa in  ecosystem s, e.g. 
A lpine or p re-A lp ine h illy  areas in  E u ro p e  or d ifferen t facilities in  th e  d a iry  
in d u s tr ie s . T he occurrence  in  the  e n v iro n m e n t m ay have its  own p a tte rn , 
possib ly  in  re la tio n  to  th e  ra tes  of in fec tio n  in  certa in  an im al species. A n o th e r 
epidem iological p a t te rn  appears in  foodstu ffs  since c ross-con tam ination  du ring  
p re sen t s lau g h te r p rac tices  appears to  be th e  overw helm ing d e te rm in in g  
fac to r. The p a t te rn  m ay  fu r th e r  change d u rin g  food processing an d  sto rage 
w hereby  th e  o ften  uncon tro lled  sto rage  cond itions in  households, p a rtic u la rly  
in  re frig era to rs , cou ld  resu lt in an  ep idem iological p a tte rn  w hich show s very  
little  re la tio n  to  th e  orig inal d is tr ib u tio n  of th e  agen t in  dom estic an im als, 
m an  and  th e  p o llu te d  env ironm ent.

Y et, th e re  is no  b e tte r  so lu tion  th a n  to  provide food and  en v iro n m en t 
orig inally  free of th e  infectious agen t. T h is requires m u ltisec to ra l coopera tion  
reach ing  in to  th e  en v iro n m en t, th e  e n tire  food chain  an d  th e  in te rn a tio n a l 
tra d e . W h a t could  be done by  th e  in d iv id u a l sectors to  reduce th e  load of
L . monocytogenes in fec tio n  and  c o n ta m in a tio n ?
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A n im a l production and health
(a) C ontrol (including  surveillance) o f in fec tion  in  an im als;
(b) E s ta b lish m e n t and  m an ag em en t o f L . monocytogenes-îree he rds;
(c) D isin fec tion  of p roduction  an d  s lau g h te r  prem ises;
(d) D ev e lo p m en t of slaugh ter techno log ies avo id ing  cross co n tam in a tio n ;
(e) R ed u c tio n  of po llu tion  b y  o rgan ic  m a tte rs , p h o sp h a tes  an d  n itra te s  

in  th e  en v iro n m en t.

Trade

(a) M onito ring  o f exports  an d  im p o rts  for L . monocytogenes ;
(b) H a rm o n iza tio n  of reg u la to ry  p rocedures;
(c) A ssessm ent an d  estab lishm en t o f b a c te ric id a l m ethods.

M unicip a lities  and rural com m unities

(a) E n v iro n m e n ta l m onitoring  o f food processing an d  sto rage;
(b) Id e n tif ic a tio n  and  m onito ring  o f c ritica l co n tro l po in ts ;
(c) R esearch  on deco n tam in a tio n  p ro ced u res;
(d) E s ta b lish m e n t, education  an d  su rveillance  in  GM P;
(e) R esearch  a n d  m easures concern ing  su rv iv a l an d  g row th  o f L . mono

cytogenes in  households.

Education and research

(a) E s ta b lish m e n t of guidelines fo r ed u ca tio n  — consum ers, farm ers, 
food processes, v e te rin ary  pub lic  h e a lth  an d  en v iro n m en ta l h e a lth ;

(b) C oord inated  research  by  u n iv e rs ity  in s titu te s  on: v iru lence, ep i
dem iology, p rev en tiv e  m easures, ra p id  diagnosis an d  tre a tm e n t;

(c) T eaching  o f in te rsec to ra l ap p roaches in  L . monocytogenes p rev en tio n .

Health

(a) E s ta b lish m e n t of services for ra p id  diagnosis an d  tre a tm e n t o f  
h u m an  cases o f listeriosis;

(b) R esearch  on zoonoses and ro u te s  of h u m an  infection ;
(c) D eve lopm en t of m ethods for th e  p ro tec tio n  of h igh risk  groups of 

people: e.g. deco n tam in a tio n  of vehicles of in fec tion  and  of en v iro n 
m en t;

(d) A ssessm ent of th e  role of h u m a n  carrie rs  an d  con tro l m easures;
(e) Im p ro v e m e n t of reg u la to ry  issues;
(f) C ooperation  w ith  industries on p rev en tio n  and  control;
(g) P rofessional an d  public educa tion .

Food industry

(a) P ro m o tio n  of HACCP approaches;
(b) R esearch  on con tro l po in ts;
(c) D evelopm en t an d  app lica tion  o f procedure  for g row th  in h ib itio n ;
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(d) O p era tio n a l research on sa n ita tio n  m easures;
(e) C oopera tion  in  surveillance, reg u la to ry  issues an d  edu ca tio n .
The m an ag e ria l approach  to  resou rce  m obiliza tion  in  research , ed u ca tio n  

a n d  operations is, in  its  basic fu n c tio n s , n e u tra l an d  can, therefo re , be ap p lied  
irrespec tive  of th e  local epidem iological p a t te rn  or policy of p rev en tio n  an d  
co n tro l. Surely, su ch  an  approach  w ill p red o m in an tly  help  to  ad d  in fo rm atio n  
an d  to  fill gaps in  ou r know ledge. W e m ay  th e n  be in  a b e tte r  positio n  to  
circum scribe th e  prob lem s of u b iq u ito u s  en v iro n m en ta l c o n ta m in a tio n  an d  
d is tin c t foci o f grow th  o f L . monocytogenes an d  co n tam in a tio n , as w ell as th e  
p rob lem  of levels o f  infection  a n d  co n cen tra tio n s  of L . monocytogenes in  th e  
en v iro n m en t, th e  p ro d u c tio n  a n im a ls , an d  th e  food chain .

In te rse c to ra l cooperation  req u ire s  a s tru c tu ra l e lem ent to  co o rd in a te  th e  
coopera tion  of th e  w hole in s titu tio n a l fram ew ork  involved . N o t all cou n tries  
possess an  in te rse c to ra l co m m ittee  w hich  jo in s aspects on e n v iro n m en ta l 
h e a lth , v e te rin a ry  p u b lic  h ea lth  a n d  food safe ty . F o r th e  questio n  of L . m ono
cytogenes in fec tio n , zoonoses co m m ittee s  or food hygiene co m m ittees are 
genera lly  in su ffic ien t in  th e ir com position . I t  should , h o v e  ver. n o t be d ifficu lt 
to  enlarge ex is tin g  coord inating  bod ies in  o rder to  e lab o ra te  a com prehensive  
program m e.

In te rn a tio n a l o rgan iza tion  are  p re se n tly  w ork ing  in  th re e  m a jo r d irec
tio n s ; firstly , to w a rd s  new efforts in  an im al p ro d u c tio n  hygiene in c lud ing  
p ro m o tio n  of good h u sb an d ry  p ra c tic e  (m ajo r prob lem : co m m u n ity  p a r t ic i
p a tio n ) and good slaugh terhouse  p ra c tic e  (m ajo r p rob lem : research  an d  d ev e 
lo p m en t of h yg iene  to  p reven t c ro ss-co n tam in a tio n ). Secondly, special e ffo rts  
a re  m ade to  im p ro v e  surveillance a n d  hyg iene in  th e  food processing sec to r 
inc lud ing  re g u la to ry  issues an d  co n su m er education . T h ird ly , research  an d  
developm ent o f b ac te ric id a l a n d  g ro w th  p rev en tin g  procedures con tinues, 
in c lu d in g  food ir ra d ia tio n .

O bviously th e  solution can  be  seen in  a system  of general hyg iene , 
m on ito ring  an d  in te rv e n tio n . W e m a y , how ever, also th in k  of actions o rien ted  
to w ard s  some o f th e  m ost c r itica l epidem iological foci and  p a th s  on ly , e.g. 
b y  reducing ra te s  o f  infection  an d  co n ta m in a tio n  in  some selected  fa rm s an d  
th e ir  en v iro n m en t o r b y  re s tric tin g  p a r tic u la r ly  hygienic m easures a t  s lau g h te r  
to  selected g roups o f anim als fo r p ro d u c tio n  of d is tin c t food item s w hich  are 
e a te n  raw  or n o t  su b jec t to  su ffic ien t b ac te ric id a l t re a tm e n t, an d  fin a lly  b y  
selection  of food item s  m eeting d is tin c t c rite ria  for th e  h igh  risk  g roups of 
consum ers.

H ow ever, th is  range of possib ilities  shows c learly  th a t  we can  im 
p ro v e  safety  co n sid e rab ly  if  we w o rk  to g e th e r  in te rsec to ra lly  w ith  a jo in t  re 
sponsib ility  for an im al p ro d u c tio n  an d  food safe ty . T his will n o t on ly  h av e  
a positive im p a c t on th e  contro l o f listeriosis, b u t generally  on an im al p ro 
d u c tio n  and p ro d u c t hygiene.
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INTERNATIONAL ASPECTS OF THE CONTROL OF 
ANIMAL LISTERIOSIS

J .  L. B i n d

Veterinary Laboratory , Tours, France

In  response  to  a p roposal b y  th e  In te rn a tio n a l A n im al H e a lth  Code 
Com m ission, th e  Office In te rn a tio n a l des E pizoo ties (О. I . E .) has d raw n  u p  
tw o  lis ts  of an im a l diseases, for th e  p u rp o se  o f n o tifica tions to  be su b m itte d  
b y  M em ber C oun tries, and  has recom m ended  m easures to  be app lied  by  M em 
b e r C oun tries w ith  reg a rd  to  in te rn a tio n a l tra d e .

L is t “ A ”  includes th e  m ost serious a n d  h igh ly  con tag ious diseases. L is t 
“ B ”  co n ta in s  transm issib le  diseases h av in g  im p o rta n t socio-econom ic an d /o r 
h e a lth  im p lica tio n s for M em ber C ountries, a n d  having  a sig n ifican t effect on 
in te rn a tio n a l tra d e  in  an im als an d  an im al p roduc ts.

I t  is c lea r th a t  an im al listeriosis does n o t fall in to  ca teg o ry  “ A ” . T he 
q u es tio n  is w h e th e r th e  tim e  has now  com e to  propose its  inc lusion  in  ca teg o ry  
“ B ” . To an sw er th is  question  i t  is n ecessary  to  consider th e  v a rious im p lica 
tio n s o f th e  disease, concern ing  th e  fie ld  o f  an im al h ea lth , th e  re la tio n sh ip  
b e tw een  th e  an im al fo rm  o f th e  disease a n d  hum an  h e a lth , an d  prob lem s 
re la te d  to  th e  co n tam in a tio n  o f an im al p ro d u c ts .

1. A n im a l health a n d  Listeria

L is te riae  can  be iso la ted  from  a large  n u m b er of an im al species, n o ta b ly  
from  c a ttle , g o a ts , sheep, carn ivores, ro d e n ts , birds, fish  an d  w ild an im als. 
F irs tly , i t  is im p o r ta n t to  d raw  a d is tin c tio n  betw een  th e  c a rr ie r  s ta te  an d  th e  
disease itse lf .

1.1. Carrier state

L is te r ia  is an  organism  p resen t in  th e  env iro n m en t, a n d  as such  is fo u n d  
w orldw ide. L iste riae  can easily  be iso la ted  in  m ost an im al species w ith o u t 
th e re  n ecessarily  being an y  clinical m an ife s ta tio n  of th e  disease.

J e a n -L o u is  B in d
V e te rin a ry  L a b o ra to ry
46  A v e n u e  G u s ta v e  E iffe l, 37023 T o u rs  C edex, F ra n ce
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1.2. The disease

1.2.1. General remarks

D ifferent fa c to rs  are  involved in  th e  clinical expression  of th e  disease 
in  ca rrie r anim als.

— Increased  suscep tib ility  o f c e r ta in  species. G o ats, sheep an d  c a ttle  
are  m ore suscep tib le  to  th e  disease th a n  o th e r species. T his m ay be re la te d  
to  a p a rticu la r m e th o d  of feeding. F o r exam ple, th e  co rre la tion  b e tw e e n  th e  
in tro d u c tio n  of silage a n d  the  ap p earan ce  o f th e  disease has been d e m o n s tra te d  
b y  Nicolas e t al. [1 ].

— A p a r tic u la r  physiological s ta te . Im m unodepression , d ie ta ry  im b a l
ance, in te rc u rre n t diseases, vaccinal s tress, g esta tio n  or th e  neo -na ta l period  
are  all fac to rs in d u c in g  th e  clinical expression  of listeriosis.

— H eig h ten ed  viru lence of c e r ta in  s tra in s . E pidem iological s tu d ies , 
p a r tic u la rly  th o se  c a rr ie d  ou t a t  th e  tim e  of o u tb reak s , have d e m o n s tra te d  
th e  existence of “ ep id em ic”  ph ag e-ty p es w hich  are m ore v iru len t th a n  o th e rs .

1.2.2. C linical expression

The disease e x is ts  in  tw o basic  fo rm s: abo rtive  a n d  neo-nata l fo rm  or 
m en ingeal form . In  b o th  cases th e  p rognosis is serious an d  the m o rta lity  ra te  
v e ry  high. H o w ev er, th o u g h  th e  m o r ta l i ty  ra te  is h igh , th e  m o rb id ity  ra te  
rem ain s v e ry  low. W ith in  a single h e rd , th e  disease occurs in  only a l im ite d  
n u m b e r of an im als (ap p ro x im ate ly  5 % ) even  th o u g h  u p  to  80%  of th e  h e rd  
a re  carriers.

1.2.3. Incidence o f  the diseae

A lthough no  sy s tem a tic  screening  ne tw o rk  ex is ts , i t  is ev id en t t h a t  
c lin ica l listeriosis is p resen t w orldw ide. How’ever, ta k in g  in to  ac c o u n t th e  
low  m o rb id ity  o f lis te rio s is , th e  econom ic effects o f th e  m eningeal form  o r th e  
a b o rtiv e  form  are s lig h t.

A su rvey  c a rrie d  o u t b y  M artel [2] c learly  show ed th a t  infectious ae tio logy  
accoun ted  for a th ird  o f  a ll cases of ab o rtio n , an d  Listeria  fo r 1.8%  of b a c te r ia -  
re la te d  abortions.

2 . A n im a l listeriosis and  hum an health

2.1. Direct transm ission

G iven our p re s e n t  level o f know ledge, listeriosis can  no longer be co n 
sidered  a zoonosis in  th e  s tr ic t sense o f th e  te rm . Cases o f d irec t co n tam in a tio n  
are  excep tional. M oreover, a com parison  o f  s tra in s  iso la ted  in  h u m an s w ith
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tho se  in  an im als show s th a t ,  in  m ost cases, d ifferen t sero ty p es or ph ag e-ty p es 
a re  invo lved . S ta tis tic s  prove th a t  in  F ra n c e  th e  u rb an  p o p u la tio n  is affected  
m ore th a n  the  ru ra l po p u la tio n , th o u g h  th e  la t te r  is in  m ore freq u en t c o n ta c t 
w ith  an im als. T hus, G oulet e t al. [3] h a v e  show n th a t  th e  incidence o f lis te 
riosis is h ighest in  Ile  de F rance , th e  h o s t highly  u rb a n ise d  region. T hese 
p o in ts  w ere d eb a ted  a t  th e  F e b ru a ry  1988 m eeting  of a w o rk ing  group  on 
foodborne  listeriosis. T he m ajo rity  o f e x p e r ts  a tten d in g  th e  m ee tin g  in  G eneva 
w ere o f th e  opinion th a t  listeriosis in  m a n  is essen tia lly  o f  food or en v iro n 
m e n ta l origin.

2.2. Contam ination o f  anim al products

2.2.1. D airy products

— Milk. M am m ary  excre tion  o f  L isteria  is, in  fac t, v e ry  ra re  in  th e  
n a tu ra l  s ta te . N evertheless, m astitis  d u e  to  Listeria  does ex is t. C o n tam ina tion  
o f m ilk  is p rinc ipally  caused by  p o llu tio n  from  th e  en v iro n m en t during  m ilk ing, 
p o ssib ly  of faecal origin. H ow ever, since m ilk  from  d iffe ren t e s tab lish m en ts  is 
pooled , a process of d ilu tion  tak es  p lace . I t  can  be considered  th a t  co rrec tly  
co n d u c ted  p as teu riza tio n  resu lts  in  a  p ro d u c t devoid of r isk  to  h u m an  h e a lth .

— D airy  p ro d u c ts . C o n tam in a tio n  occurs chiefly d u rin g  m an u fac tu rin g  
processes and  com m ercialization . S ta tis t ic s  published b y  B ind [4 ] show th a t  
th e  p ercen tage  of co n tam ina tion  in  cheeses m ade from  p as teu rized  m ilk  is 
eq u a l to  th a t  of cheeses m ade from  ra w  m ilk .

2.2.2. Meat products

Sim ilar reasoning  can be ap p lied  to  m eat p ro duc ts. T he presence o f 
L isteria  in  th e  faeces o f m any  m am m als  a n d  birds seems to  p la y  a large p a r t .

2.2.3. Other food  products o f  a n im a l origin

F ish  and  o th e r seafood, such as c ra b  m eat and  p raw n s, m ay  be c o n ta m 
in a te d . T he w idespread  presence o f L isteria  in  num erous p la n t  species shou ld  
also he borne in  m ind.

3. Effect o f  an im al listeriosis on international trade in  anim als

L ist “ B ”  designates th e  ca te g o ry  o f transm issib le  diseases h av in g  
im p o r ta n t socio-econom ic and /o r h e a lth  im plica tions fo r M em ber C ountries, 
an d  h av in g  a s ign ifican t effect on in te rn a tio n a l trad e  in  an im als  and  an im al 
p ro d u c ts . Is  th e  inclusion  of an im al listeriosis in  list “ B ”  ju s tif ie d  a t  th e  
p re se n t tim e  ?

W ith  regard  to  lis t “ B ” , th e  fo llow ing crite ria  m u s t be considered.
— A nim al listeriosis, due to  i ts  low  m orb id ity , c a n n o t be considered
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a transm issib le  d isease  h av in g  im p o r ta n t  socio-econom ic a n d /o r h ea lth  im p li
ca tions for M em ber C ountries.

— H ow ever, th e  carrie r s ta te  can  have  a s ig n ifican t effect on an im a l 
p roduc ts.

The follow ing p o in t m u st also be discussed. L isteria  is a b ac te riu m  p re 
sen t in the  e n v iro n m e n t, and  its  d is tr ib u tio n  is w ordw ide . In  th is c o n te x t, 
in te rn a tio n a l tra d e  p rocedures c a n n o t s ig n ifican tly  a lte r  th e  epidem iological 
s itu a tio n  in th e  co u n trie s  affected . F u rth e rm o re , i t  is q u ite  u n th in k a b le , 
g iven  th e  ex is tin g  s ta te  of our know ledge o f  th e  ep idem iology  of listeriosis, 
to  seek to  e lim in a te  th e  p a th o g en  carriag e  b y  an y  one species.

I t  would th e re fo re  seem p re m a tu re  to  propose th e  inclusion of an im al 
listeriosis in  lis t “ B ” . H ow ever, th e  in tro d u c tio n  o f th e  following m easures 
is to  be s trong ly  reco m m en d ed .

— The o rg an iza tio n  of a screen ing  p rogram m e fo r an im al listeriosis.
— An in -d e p th  s tu d y  o f s tra in s  iso la ted  in  an im als (serotypes, ph ag e  

types).
•— A co m p ariso n  of such s tra in s  w ith  those  from  an im a l p ro d u c ts  an d  

p a tie n ts .
— A s tu d y  o f th e  ep idem iology  o f an im al listeriosis an d  its  evo lu tio n .
— A s tu d y  of th e  re la tio n sh ip  be tw een  an im al feed ing  a n d  the  carrier s ta te .
— A n e v a lu a tio n  of th e  m in im al in fec tious dose in  an im als.
— A s tu d y  o f  th e  p rev en tio n  an d  co n tro l of th e  d isease.
W ere th e  im p le m e n ta tio n  o f th ese  reco m m en d a tio n s to  b ring  to  lig h t 

s ign ifican t v a ria tio n s  concerning th e  h e a lth  s ta tu s  o f an im a l listeriosis in  d if
fe ren t countries, i t  w ould  th e n  be  a p p ro p ria te  to  re fe r th e  case of an im a l 
listeriosis to  th e  In te rn a tio n a l  A nim al H e a lth  Code C om m ission of th e  O. I . E .

In  su m m ary , th e  O. I . E . h as  d ra w n  up  tw o lis ts  o f an im al diseases, 
L is t “ A ” and  L is t “ B ” , accord ing  to  th e ir  seriousness a n d  th e ir  effect on 
in te rn a tio n a l tra d e  in  an im als an d  an im a l p roducts.

A nim al lis te rio sis  shou ld  a u to m a tic a lly  be ex c luded  fron t L ist “ A ” . 
H ow ever, ce rta in  c r ite r ia  for L ist “ B ”  m ig h t, a p rio ri, ju s tify  its  inclusion.

After a rev iew  o f th e  im p lica tio n s of an im al lis te rio sis  in  th e  fie lds of 
an im al and h u m an  h e a lth , and  also in  p rob lem s of c o n ta m in a tio n  of an im al 
p ro d u c ts , th e  a u th o r  concludes t h a t  i t  is s till too  e a rly  to  include an im a l 
listeriosis in  L ist “ B ” .
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LISTERIOSIS -  A WORLDWIDE ISSUE

B .  R a l o v i c h

In stitu te  o f Public H ealth and E pidem iology, U niversity M edical School,
Pécs, H ungary

T he F if th  In te rn a tio n a l S ym posium  on Problem s o f L isteriosis w as 
o rgan ized  here  a t  Pécs in  1972. P a r tic ip a n ts  of th is m eeting  em phasized  th e  
im p o rtan ce  of th e  new est selective an d  en rich m en t m edia  con ta in in g  try p a -  
flav in e  an d  nalix id ic  acid, th e  resu lts  of surveillance on th e  ecology of L isteria  
an d  th e  observa tions in  re la tio n  to  th e  v iru lence  m arkers. N ecessity  o f an  
effective ac tiv e  im m u n iza tio n  w as also m en tio n ed  [1].

Since th e  F if th  m eeting  S u tto n  B o n in g to n  [2], V arn a  [3], M adrid  [4] 
an d  N an tes  [5] were th e  hosts o f consecu tive  sym posia.

I t  is a honour for us th a t  we h a v e  b een  au th o rized  to  organize th is  
T en th  Sym posium . F o r th is  k in d  gestu re  I  should  like to  express m y  th a n k s  
to  P ro fessor Seeliger an d  D r. Jo n es th e  C h a irm an  and  th e  S ec re ta ry  of IU M S- 
ICSB S ubcom m ittee  on Listeria  and R e la te d  B acteria , for th e  fru itfu l coope
ra tio n  to  D r. Bögel, th e  rep re sen ta tiv e  of W H O , an d  fo r th e  con tin u o u s 
im p o r ta n t su p p o rt of th e  o rg an iza tio n  to  Professor M ossel an d  P rofessor 
S k o v g aard  th e  P resid en t an d  th e  S ec re ta ry  of IU M S-IC FH M , to  D r. M edve, 
th e  S ec re ta ry  of S ta te  for H ea lth , to  P ro fessor T igyi, th e  H ead  o f th e  B iological 
Section  o f th e  H u n g arian  A cadem y of Sciences, to  P ro fessor M észáros, th e  
C hairm an  o f th e  H u n g a rian  Society  o f M icrobiology, to  P ro fessor V árnagy , 
th e  C h airm an  of th e  V e te rin a ry  A ssociation  of th e  H u n g a rian  Society  of A gri
cu ltu ra l Sciences, to  P rofessor K ovács, th e  R ecto r of th e  U n iv e rsity  of V e te 
rin a ry  Science, to  P rofessor B auer, th e  R ec to r of th e  U n iv e rs ity  M edical 
School of Pécs, to  Mr M olnár, th e  D ep u ty -p res id en t o f th e  C ity  Council 
o f Pécs, to  o th e r colleagues an d , la s t b u t  n o t least, to  a n u m b er of com m ercial 
firm s. W ith o u t th e ir  m oral an d  fin an c ia l helps we w ould n o t h av e  been  ab le 
to  organize th is  Sym posium .

D urin g  th e  la s t 16 years a lo t of effo rts  have been done to  clear d iffe ren t 
unknow n problem s of listeriosis. I t  is im possib le to  cover all s tud ies an d
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resu lts  in  th is  sh o r t  lec tu re . T herefore, I  shall only  focus ou r a tte n tio n  on som e 
questions of th e o re tic a l an d  p rac tica l exposing  those  fo r fu r th e r  discussions.

In  view  o f ta x o n o m y , th e  use of h aem oly tic  an d  pothogenic p ro p ertie s  
fo r c lassification  o f  L isteria  has n o t p roved  to  be a lu ck y  idea. The ex ten siv e  
s tud ies of R o co u rt a n d  her colleagues y ie lded  im p o r ta n t resu lts . On th e  basis 
o f D N A  re la ted n ess  an d  some few p h en o ty p ica l p ro p ertie s  th e y  have com e 
to  the conclusion th a t  th e  genus L isteria  con ta in s seven  species: L . m ono
cytogenes, L. seeligeri, L . ivanovii, L . innocua, L . ivelshimeri, L . grayi an d  
L . m urrayi [6]. L . seeligeri s tra in s  genera lly  do n o t cause ty p ic a l b e ta -h aem o 
lysis on blood a g a r  an d  its  haem olysin  d iffers from  th o se  o f L. monocytogenes 
s tra in s  [7]. Cell w all co n stitu en ts  an d  sero ty p es of L . monocytogenes an d  
L . seeligeri s tra in s  a re  iden tica l [8 -1 0 ]. O n th e  basis o f  th e  results o f gene 
probes b o th  s tra in s  h av e  sim ilar an d  d iffe ren t D N A  frag m en ts  [11—13]. T he 
h aem oly tic  p ro p e r ty  o f L . seeligeri s tra in s  seem s to  me som ew hat sim ilar to  
th a t  of L. innocua  a n d  L. welshimeri s tra in s .

Now it  is c lear, as it  was assum ed in  m y  book, th a t  pa thogen ic  p ro p e rty  
of Listeria  s tra in s  is a m u ltifac to ria l p henom enon . B esides haem olysin , lip o 
ly tic  effect, d iffe ren t enzym e an d  m etabo lic  ac tiv ities  (ca ta lase, superox ide  
d ism utase , iron  t r a n s p o r t  system  and  so on), surface an tigens and  m o n o 
cy tosis-p roducing  a c tiv i ty  of Listeria  s tra in s  have  to  be s tu d ied  for an  u n d e r 
s tan d in g  of th e ir  v iru len ce  and  m ode of th e ir  p a th o g en ic ity  a t the m olecu lar 
level. I t  is a p ro b lem  th a t  we know  li ttle  a b o u t th e  s ta b ility  of p h en o ty p ica l 
an d  genetical ch a ra c te ris tic s  of lis te riae  an d  I  expec t som e more in te re s tin g  
observations on th is  fie ld  [14]. P ine  e t al. [15] p u b lished  from  CDC in  1987 
a b o u t spon taneous loss of th e  b e ta -h aem o ly tic  c h a ra c te r  and  v iru lence of 
L . monocytogenes re fe rence  stra in s.

On th e  basis o f ou r p resen t experience i t  can  be s ta te d  th a t  h u m an  an d  
an im al pa th o g en ic  a n d  non-pathogen ic  species belong to  th e  genus Listeria . 
Single m em bers o f a p a th o g en ic  species m ay  be v iru le n t or av iru len t. To d e te r 
m ine viru lence o f lis te riae  we pub lished  ou r o b se rva tions on the  m arkers of 
v iru lence firs t in  1970 and  in  th e  follow ing years [16 -18 ]. The new est ex p e 
rience has been p re se n te d  on th is  S ym posium  [19]. O ur opinion is genera lly  
unchanged . T he n ew est resu lts  of genetica l and  p a th o g en e tica l w orks h av e  
verified  the  p a th o g en ic  im portance  of be ta -h aem o ly sin  an d  th e  co rrec tness 
o f ou r conclusions [2 0 -2 5 ]. In  m y opin ion  b e ta - ty p e  haem olysis on blood a g a r 
con ta in in g  sheep or horse blood u su a lly  m eans th a t  th e  given Listeria  s tra in  
is m ore or less v iru le n t. I t  is n a tu ra l th a t  th e  ex ac t c h a rac te riza tio n  of a s tra in  
req u ires  th e  d e te rm in a tio n  of th e  o th e r m ark ers  of v iru lence , too, because 
resu lts  of cu ltiv a tio n  on b lood agar, A n to n ’s te s t , ch ick-em bryo  p a th o g en ic ity , 
cell cu ltu re  in fec tio n  an d  m ouse te s t  re p re se n t som ew hat d ifferent sides o f 
v iru lence  of a single L isteria  s tra in . In  c o n tra s t  to  m y  opinion, some o f th e  
au th o rs  believe t h a t  “ th e  cap ac ity  of a L isteria  iso late alone to  dam age e ry th ro -
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cy tes  does no t, in  a n y  case, a tte s t  to  its  v iru len ce”  [26]. O n th e  basis o f m y  
in v estig a tio n s perfo rm ed  during  th e  la s t  20 years th e  n o n -h aem o ly tic  lis te riae  
are  n o n -v iru len t or a v iru le n t.

B e ta -haem oly tic  L . monocytogenes an d  L . ivanovii s tra in s  have been 
considered  as v iru le n t fo r hum ans a n d  an im als. O n th e  basis  of some p re 
lim in a ry  resu lts  i t  w as declared  th a t  L . seeligeri s tra in s  a re  p rac tica lly  a p a th o - 
genic [27, 28]. The t r u th  is th a t  b o th  v iru le n t and  a v iru le n t s tra in s  belong to  
th is  species [29]. N e ith e r  b e ta -h aem o ly tic  p ro p e rty  no r v iru lence  seem  to  be 
species linked  ch a rac te ris tic s  of lis te riae .

L isteriosis is s tu d ie d  ex tensive ly  m a in ly  in  E u ro p e , USA, J a p a n  an d  
in  som e o th e r co u n tries . D a ta  o rig in a tin g  from  these  co u n trie s  are r a th e r  
in su ffic ien t for a f in a l evalu a tio n . O ur epidem iological know ledge has been  
sum m arized  several tim es, here only  th e  new est dev e lo p m en ts  will be m en 
tio n ed  [17, 30-36].

H u m an  listeriosis can  be ch a rac te rized  by  tw o ep idem iological p a tte rn s :  
“ endem ic”  sporadic cases and  “ ep id em ic”  ou tb reak s. S urveillance system s 
fo r h u m an  listeriosis in  d ifferen t co u n trie s  are  d ifferen t an d , in  general, th e y  
are  n o t su ffic ien tly  effective. The la b o ra to ry  system  for th is  purpose m ay  be 
considered ad eq u a te  fo r exam ple in  th e  U K , H u n g a ry , G D R , D enm ark , 
Sw eden, Ja p a n , F ran ce , th e  USA, F R G , th e  N e th e rlan d s, C anada, S w itzer
land . C zechoslovakia, B elgium . More or less active su rveillance  has been p e r
fo rm ed  in  th e  LISA, F ran ce , U K , D en m ark , C anada a n d  Sw itzerland . The 
rep o rted  incidences ran g e  from  less th a n  1 to  11.3 p er m illion  from  H u n g ary , 
S can d in av ian  coun tries, F rance , th e  U K  an d  th e  USA. In  a s tu d y  perfo rm ed  
in  th e  USA it  w as fo u n d  th a t  ab o u t 120 spo rad ic  listeriosis cases occurred  p er 
m illion  b irth s . In  view  o f th e  d ifferences in rep o rtin g  system s and a c tiv ity  
o f surveillance no b o d y  know s w h e th e r the  a fo rem en tio n ed  d a ta  re flec t 
d iffe ren t d iagnostic  ro u tin es , food h y g ien ic  prac tices, d ie ta ry  h ab its , su r
veillance m ethods or epidem iological s itu a tio n s . A p p a re n t increases in  th e  
incidence of hu m an  listeriosis have been  n o te d  in  d ifferen t coun tries. A verified  
increase  was observed in  th e  U K , S w itzerlan d , D en m ark , Belgium , Sw eden 
an d  F rance .

P reg n an t w om en a n d  th e ir  fe tu ses or new born  b ab ies as wrell as those  
persons whose im m une system  is com prom ised  or in c o m p e te n t are a t  h igh  
risk . H ow ever, such cases have also b een  diagnosed in  w hich  predisposing 
fac to r(s) could n o t be found  y e t. I t  w o u ld  be v e ry  good to  know n ex ac tly  
w hy  does lis teria  in fec tio n  m anifest in  illness in  some persons b u t  no t in  o thers. 
As th e  p roportions o f  som e risk-groups in  th e  p o p u la tio n  are  rising increase 
o f n u m b er of listeriosis cases m ay  be c o u n te d  w ith .

The infectious dose for hum ans is n o t know n b u t  its  value m ay con
siderab ly  be in fluenced  b y  th e  ac tu a l su scep tib ility  or, in  o th e r  w ords, b y  th e  
m o m en ta ry  physio logical cond ition  of th e  ho st. On th e  basis  o f A m erican and
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Swiss observations, i t  seem s th a t  ingestio n  of 103-1 0 4 germ s is dangerous. 
I t  is also a fac t t h a t  con su m p tio n  of hom e m ade sausages co n ta in tin g  a few 
cells o f v iru len t lis te r ia e  p er gram  failed  to  cause disease in  H u n g ary  [37].

T he in cu b a tio n  perio d  of listeriosis is generally  1 d ay  a fte r  cu tan eo u s 
or ocu lar in fection  a n d  from  1 to  10 w eeks a fte r o ra l ingestion . T herefo re, 
im p o rtan ce  of th e  ca rr ia g e  of lis te riae  b y  h e a lth y  persons a n d  im portance  o f 
th e  effects w hich c a n  in fluence  th e  h e a lth  cond ition  o f h u m an s (v iral or 
b a c te r ia l infections, h o im o n a l changes a t  b ir th , a lte ra tio n  o f iron  m etabo lism  
a n d  so on) help ing m an ife s ta tio n  of listeriosis can n o t be em phasized  too  m uch . 
In  persons w ith  im p a ire d  cond ition , con su m p tio n  of a low  n u m b e r of v iru le n t 
lis te riae  m ay have serious consequence.

The source o f lis te riae  and  th e  convey  of in fec tion  are  v e ry  im p o rta n t 
q uestions. N um erous ex am in a tio n s of faeces verify  th a t  c a ttle , pig, sheep a n d  
p o u ltry  m ay h a rb o u r  an d  excre te  lis te riae . These m icroorgan ism s can  be 
found  in  milk, n asa l, th ro a t  an d  v ag in a l discharges of an im als. Also p a r t  o f 
h e a lth y  persons c a rry  lis teriae . B esides these , Listeria  s tra in s  can  be fo u n d  
in  w aste  w ater, m a n u re , surface w a te r, v eg e ta tio n , soil a n d  in  an y  place co n 
ta m in a te d  with u n sa tis fa c to r ily  tre a te d  h u m a n  and  an im al exc re ta . This fa c t 
is no  surprise, since a sim ilar s i tu a tio n  ex ists, for exam ple , in  case o f Sal
m onellae.

On the  basis o f th e  la s t F  АО/ W H O  rep o rt of 1985 listeriosis belongs to  
zoonoses. A sm all p ro p o rtio n  of h u m a n  cases is acqu ired  b y  d irect c o n ta c t 
w ith  in fected  an im als  or h u m an s. D iseases of fetuses an d  new born  bab ies 
w hich  rep resen t a b o u t th e  h a lf  o f all h u m an  cases in  d iffe ren t coun tries 
o rig in a te  very  f re q u e n tly  from  th e ir  m o th e rs , b u t th e  source an d  th e  tim e  of 
in fec tio n  of th e  m o th e rs  are ra re ly  know n . This is tru e  fo r o th e r cases, to o .

D uring  th e  la s t  seven  years th re e  m a jo r and  im p o r ta n t verified  o u t
b reak s  of listeriosis w ere  rep o rted . I n  1981 in  N ova S co tia  coleslaw w as th e  
tra n s m itte r , in  1985 in  Los Angeles a M exican sty le soft cheese and  in  1983—87 
in  C an ton  of V aud  V ach erin  soft cheese. In  th e  B oston  o u tb re a k  in  1983, th e  
epidem iological ev idence  suggested  a sim ilar role of m ilk  b u t  th e re  w as no  
m icrobiological co n firm a tio n  [38-41]. Besides these, som e o th e r o u tb reak s  
h a v e  been  observed in  d iffe ren t coun tries w ith o u t v e rifica tio n  of th e ir  sources, 
in  S lovakia , 1981 [42]; F R G . 1983 [43]; G D R , 1985 an d  1986 [44]; D en m ark , 
1986 [45]; A u stria , 1986 [46]; USA, 1987 [47]. I t  can be supposed  th a t  food
stu ffs  m igh t have p lay ed  som e role in  th ese  ou tb reaks, to o . N ow , on th e  basis  
o f th e  evidences, one c a n  s ta te  th a t  foodborne transm ission  o f L . monocytogenes 
m a y  be one of th e  m o st p robab le  e x p lan a tio n  for m a n y  cases of epidem ic 
h u m a n  listeriosis a n d  th is  e x p lan a tio n  m ay  also be v a lid  fo r some of th e  
spo rad ic  cases, too . H ow ever, in  th e  verified  epidem ics, th e  pathogen ic  a g en t 
w as tra n sm itte d  b y  food, th e  source o f co n tam in a tio n  (an im als, em ployees 
or env ironm ent) is n o t  know n.
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I t  c an n o t be accep ted  th a t  hum an  lis te rio sis  is a so il-borne disease [36]. 
I  am  re lu c ta n t to  accep t such  a d e fin ition  th a t  “ L. monocytogenes is perh ap s 
b est considered  as an  en v iro n m en ta l c o n ta m in a n t” . Also i t  seem s unadv isab le  
to  me to  d iv ide listeric  in fections in to  tw o  nosological u n its . This idea w as 
proposed  a t th e  M eeting o f th e  Ж HO In fo rm a l W orking  G roup on F oodborn  
L isteriosis in  1988, b u t  som e of the a tte n d e e s  w ere against i t  [48].

V iru len t lis teriae  are  hum an an d  an im a l pa thogen ic  m icroorganism s 
w hich o rig ina te  p rim arily  from  h ea lthy  a n d  ill an im als as w ell as h um ans. 
L isteriae  can  su rv ive  an d  som etim es also m u ltip ly  in  th e  en v iro n m en t. Foods 
produced  or processed in  a co n tam in a ted  non-hygien ic  en v iro n m en t m ay  
rea lly  be co n tam in a ted  b u t  I  th in k  th a t  th e  m o st im p o rta n t p rim a ry  sources 
o f lis te riae  c o n ta m in a tin g  raw  foods of a n im a l orig in  (m ilk, raw  m ilk  p ro d u c ts , 
raw  m eats, fresh  raw  m e a t products) a re  th e  an im als them selves. H an d s o f 
th e  em ployees and  in s tru m e n ts  can co n v ey  th e  agen t, especially  w hen  th e  
hygien ic  s ta n d a rd s  are low .

F u r th e r  stud ies are  necessary  to  e lu c id a te  th e  rea lities o f epidem iology 
of listeriosis an d  the  im p o rtan ce  of food p ro d u c tio n  an d  food in d u s try  in  th e  
sp read ing  o f listeriae . F o r th is  purpose ex is ten ce  of an  effective surveillance 
system  an d  a reference la b o ra to ry  in  each  c o u n try  is necessary .

A carefu l co nsidera tion  is ju stified , as th e  p red o m in an t sero types an d  
phage ty p es  o f Listeria  s tra in s  iso lated  fro m  foodstuffs an d  hum an s have  
been  found  som ew hat d iffe ren t in F rance  a n d  in  th e  U K , an d  in  m y book  I  
w ro te  ab o u t sim ilar d ifferences in  cases o f th o se  s tra in s  w hich  h a d  been iso la ted  
from  an im als an d  h u m an s in  d ifferent co u n trie s . H ow ever, th is  general obser
v a tio n  does n o t exclude t h a t  special single epidem iological connections m ay  
exist.

As to  th e  ep idem iology of anim al lis terio sis  in  d iffe ren t coun tries we 
have  on ly  a few d a ta  an d , therefore, i t  is  v e ry  d ifficu lt to  speak  ab o u t th is  
problem . A nim al listeriosis has a t least tw o im p o r ta n t aspects . One of th em  
is th e  d irec t econom ic loss in  consequence o f  th e  disease. The o th e r is th e  danger 
o f co n tam in a tio n  in  food p ro d u c tio n  an d  food  in d u stry . T he less th e  n u m b er 
of anim al carriers, th e  low er the  p ro b a b ility  o f p ro d u c tio n  o f co n tam in a ted  
raw  foods. To p rev en t lis te r ia  infection in  an im als, th e re  a re  tw o n o t on ly  
th eo re tica l possibilities. T he firs t is to  e lev a te  th e  hygienic level of keeping 
conditions an d  to  feed an im als w ith  good q u a lity  feeds. I  th in k  th a t  S P F  
anim als m ay  have im p o rtan ce  in  th is re sp e c t in  fu tu re . T he second m ay be 
active im m u n iza tio n  a n d  effective b ac te rio log ica l con tro l. These questions 
are also open for discussions.

A t p resen t i t  is im possib le to  e lim in a te  com pletely  all lis te riae  from  all 
foods. I  th in k  th a t  m ilk  a n d  dairy  p ro d u c ts  do n o t tra n sm it lis te riae  i f  th e y  
are ad eq u a te ly  p as teu rized  before m a rk e tin g  or processing. In  our co u n try  
m ilk  is pasteu rized  a t  76 °G for 37 s [49]. A fte r th is tre a tm e n t m ilk  w ill
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n o t co n ta in  liv ing  lis te riae  unless o f course p o st-p as teu riza tio n  re c o n ta m in a tio n  
occurs [50]. The problem  is m ore d ifficu lt w ith  raw  m eats and  n o n -h e a t-  
t re a te d  tran sfo rm ed  m ea t p ro d u c ts . F e rm en ta tio n  process m ay  re su lt in  
decrease or e lim in a tio n  of lis te riae  in  sausages. These questions req u ire  m ore 
a tte n tio n  and s tu d ies , so fa r no ev idence ab o u t h u m a n  listeriosis o ccu rred  
a f te r  consum ption  o f m ea t p ro d u c ts . I t  is im p o rta n t to  em phasize th a t  lis te r ia e  
can  m u ltip ly  a t  4 °C, th a t  is, re frig e ra tio n  is n o t a w ay  to  p ro te c t th e  q u a li ty  
of foods. T hey  can  also su rv ive  freezing.

T here was a general ag reem en t on th e  following problem s a t th e  m e e t
in g  o f th e  W H O  In fo rm a l W ork ing  G roup on F oodborne  L isteriosis [36].

(i) P rocessed foods, a f te r  ap p lica tio n  of an y  lis teric idal p rocess, in  
in ta c t  packages shou ld  he free of lis te riae .

(ii) A ny processed food c o n ta m in a te d  w ith v iru len t L . monocytogenes, 
shou ld  be rem oved from  th e  m ark e t.

(iii) A ny ca tegory  of foods w hich  has been verified  to  be asso c ia ted  
w ith  h u m an  listeriosis, should be confisca ted .

In  our c o u n try  th e  M inistry  o f H ea lth  regu la tes food-hygienic m ic ro 
biological exam in a tio n s and  q u a lifica tio n  o f food-stuffs for th e  Pub lic  H e a lth  
Service an d  o th e r lab o ra to rie s  in v o lved  in  th is  ty p e  o f w ork. On th e  basis  
o f th is  o rder food su itab le  for h u m an  consum ption  m ay n o t co n ta in  an y  h u m a n  
path o g en ic  germ  [17].

I  hope we shall h e a r  som e m ore a b o u t n a tio n a l an d  in te rn a tio n a l a sp ec ts  
o f food and  anim al tra d e  in  connection  w ith  listeriosis. I  know n of re s tr ic tio n s  
in  re la tio n  to  cheeses in  some coun tries — for exam ple in  S w itzerland  —, to  
icecream  — in  th e  U SA  —, as well as th e  cheeses b e tw een  C om m on M ark e t 
cou n tries  and  th e  U SA , fu rth e rm o re  to  seafoods be tw een  th e  USA an d  J a p a n  
as well as K orea.

In  th e  p resen t s itu a tio n  ed u ca tio n  of m edical an d  ca te rin g  em ployees 
a n d  consum ers is v e ry  necessary . T h ey  should  know' ab o u t the  d an g e r o f 
p o te n tia l presence o f lis te riae  in  raw  foods, tran sfo rm ed  foods and  p rocessed  
foods su b seq u en tly  h an d led . Those persons w ho belong to  th e  high risk  g ro u p s 
shou ld  consum e such  foods only  a fte r  su ffic ien t h ea t t re a tm e n t. Also, an  im p o r
t a n t  aspect of p rev en tio n  is th e  a p p ro p ria te  k itch en  hygiene, in  o rder to  lim it  
co n tam in a tio n  no t on ly  w'ith Listeria  b u t  w ith  Salm onella  and  o th e r m ic ro 
organism s.

As th e  m ethodo log ical questions w ill be discussed in  d e ta il on th e  R o u n d  
T ab le  D iscussion an d  severa l papers deal w ith  genetical problem s o f lis te r iae , 
clin ical aspects o f listeriosis and  th e  questio n  of tre a tm e n t, i t  rem ains fo r m e 
to  express m y  th a n k s  fo r y o u r a t te n tio n  an d  le t me to  w ish  you  a successful 
an d  useful m eeting .
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MONITORING FOR LISTERIA MONOCYTOGENES 
IN THE FOOD SUPPLY

R. E .  E n g e l

In ternational S c ien tific  L ia ison, U S D A , F S I S  W ashington, D . C., U S A

D uring  th e  1980’s, listeriosis em erged as a sign ifican t foodborne illness. 
U SD A ’s Food S afe ty  an d  In spection  Service (FSIS) began  m onito ring  b o th  
cooked and  raw  p ro d u c ts  for Listeria  in 1987. To d a te , m ea t an d  p o u ltry  have  
no t been  associa ted  w ith  any  cases of lis te rio sis . O u tb reak s have  been tra c e d  
to  cabbage, soft cheese an d  o th e r d a iry  p ro d u c ts . L isteriosis is u sually  m an i
fested  as m en ing itis, m en ingo-encephalitis , or sep ticaem ia. A lthough  in fo rm a
tio n  is scan t, th e  C en ters for Disease C on tro l e s tim a te  th a t  th e re  arc a t leas t, 
1600 h u m an  cases each y ear and  415 d ea th s .

L isteria  monocytogenes is m ore d ifficu lt to  con tro l th a n  m any  o th e r 
foodborne p a th o g en s because it  can grow  slow ly u n d er re frigera tion  and is 
som ew hat re s is ta n t to  h ea t and  sa lt. T his is cause for concern  because of th e  
grow ing n u m b e r of re frig e ra ted  re a d y -to -e a t m eat and  p o u ltry  p roduc ts on 
th e  m ark e t.

T he N a tio n a l A cadem y of Science s tu d y  on p o id try  inspection  is one of 
our basic  guides for m icrob ial contro l. T he re p o r t  no ted  a com plex association  
betw een  m icroorgan ism s on or in  p o u ltry  a t  s lau g h te r and  associated  disease 
in  h u m an s. The re p o rt n o ted  th a t  m ore in fo rm a tio n  ab o u t th e  h ea lth  risks 
associated  w ith  m an y  m icroorganism s is n eed ed , b u t  th a t  m icrobial co n tam i
n a tio n  appears to  be th e  g rea test risk  a rea  associated  w ith  p o u ltry  co n 
su m ption . The re p o rt recom m ended:

— Focus on m icrobial contro l w here th is  will reduce h u m an  illness;
— More research  an d  epidem iological s tud ies to  d e te rm in e  h ea lth  risks 

associa ted  w ith  m a n y  m icroorganism s on p o u ltry ;
—- Id e n tif ic a tio n  an d  m onito ring  of th e  critica l con tro l p o in ts  a t w hich 

know n path o g en ic  organ ism  such as Salm onella  and  Campylobacter are in tro 
duced in to  th e  p o u ltry  p ro d u c tio n  system ;

R ona ld  E . E n g e l
In te rn a t io n a l  S c ien tific  L ia iso n , F o o d  S a fe ty  a n d  In sp e c tio n  S erv ice  
W ash in g to n , D . C. 20250 U S A
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•— E d u c a tio n a l p rogram s fo r p roducers, food p rep are rs , an d  persons 
in  all o ther sec to rs o f th e  p o u ltry  sy stem , including  re ta il labelling  on p ro p er 
h an d ling  to  p re v e n t illness associa ted  w ith  m icrobial co n tam in a tio n .

The W H O  In fo rm a l W ork ing  G roup rep o rt s ta te d  th a t  th e  p r im a ry  
m eans of tran sm iss io n  to  hu m an s o f L . monocytogenes is th ro u g h  co n ta m in a tio n  
o f foodstuffs a t  a n y  p o in t in  th e  fo od -cha in  from  source to  k itch en . I n  Sep
te m b e r  1987, F S IS  b egan  to  m o n ito r a n d  te s t  for L isteria  in  cooked an d  ro a s t 
beef, and cooked corned  beef. As o f m id  Ju ly , 1988 of th e  421 m o n ito rin g  
sam ples te s ted , seven  have  been p o sitiv e  fo r Listeria. T he f irs t sam ple to  te s t  
positive was ta k e n  on O ctober 14, 1987 from  cooked corned  beef. V erifica tion  
sam ples also te s te d  positive. H ow ever, a reca ll was n o t necessary  because none 
o f  th e  p ro d u c t h a d  reach ed  th e  pub lic . T he second sam ple to  te s t p o sitive  was 
ta k e n  on N ov em b er 30, 1987 from  cooked  corned beef. V erification  sam ples 
fo r  Listeria  te s te d  n eg a tiv e , in d ic a tin g  th a t  no fu r th e r  ac tion  was req u ired .

In  J a n u a ry  1988, F S IS  beg an  m on ito rin g  for L isteria  in  canned , sliced 
luncheon  m eats. As o f m id Ju ly , 120 sam ples h ad  been  te s te d  and  a ll w ere 
negative . In  A pril 1988, m o n ito rin g  fo r Listeria  in  p ro sc iu tto  was in itia te d . 
O n M ay 6, 1988 a m on ito ring  sam ple o f p ro sc iu tto  te s te d  positive for Listeria . 
T lie testing  p ro ced u re  used to  d e te c t Listeria  in cooked, read y -to -ea t m ea t 
a n d  p o u ltry  is as follow s. M onito ring  sam ples are collected from  a p la n t ’s 
c u rren t p ro d u c tio n , b u t th e  p ro d u c t is n o t w ithheld  from  th e  m a rk e t. The 
sam ples are an a ly zed  in  an  F S IS  la b o ra to ry . I f  th e  m on ito ring  sam ple te s ts  
positive, th e  firm  is no tified  so i t  can  rec tify  th e  s itu a tio n  im m ed ia te ly . T h en , 
six  in ta c t v e rif ic a tio n  sam ples are  collected , frozen, an d  sen t to  th e  n ea re s t 
F S IS  lab o ra to ry . Processors are encouraged , b u t n o t req u ired , to  hold  th e  
p ro d u c t u n til th e  te s t  resu lts are av ailab le . I f  none of th e  six v e rific a tio n  
sam ples te s ts  p o s itiv e , no fu r th e r  ac tio n  is tak en . I f  one or m ore o f th e  six 
v e rifica tion  sam ples te s t  positive, F S IS  requests  a v o lu n ta ry  recall of th e  lo t 
rep resen ted  b y  th e  six in ta c t v e rif ic a tio n  sam ples, if  an y  of th e  p ro d u c t has 
en te red  com m erce. In  ad d ition , th e  agency  places th e  p la n t u n d er an  in ten s iv e  
sam pling  p ro g ram  fo r five m o n th s, te s tin g  a v a r ie ty  of p roduc ts, to  assure 
th a t  the  p rob lem  h as been b ro u g h t u n d e r  control.

FSIS  beg an  m o n ito ring  dom estic  raw  beef for Listeria  in  J a n u a ry  1987 
fo r in fo rm ational purposes only. As of m id  Ju ly , 36 of 544 sam ples h ad  te s te d  
positive for L isteria . Consum ers are to ld  th a t  cooking m ea t and  p o u ltry  to  
th e  recom m ended in te rn a l te m p e ra tu re  should  be su ffic ien t to  kill an y  Listeria  
t h a t  m ay be p re se n t on th e  raw  p ro d u c t. S tan d a rd  food sa fe ty  p ractices shou ld  
alw ays be follow ed.

FSIS  has c o n trac ted  for research  to  lea rn  m ore ab o u t d ry  and steam - 
h e a t d estruc tion  o f Listeria  in  m e a t an d  p o u ltry , and  will jo in  w ith  o th e r  US 
agencies and o th e r  n a tions in p ro v id in g  in fo rm ation  to  help food h an d le rs  
p rev en t the  su rv iv a l and  g row th  o f th e  b ac te ria . In  ad d itio n , m eat an d  p o u ltry
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organ iza tions are -working to  develop good m an u fac tu rin g  p rac tices to  contro l 
Listeria  in  th e  p la n t env ironm en t.

A m a jo r s tra te g y  fo r contro lling  foodborne  listeriosis includes all m easures 
for ph y sica l in te rv e n tio n  in  the  tran sm iss io n  of th e  p a th o g en . M onitoring  and  
con tro l o f p rocessing en v iro n m en ta l h aza rd s  (H A CCP) should  becom e an 
accep ted  reg im en  fo r a ll processors in te n t  on con tro lling  foodborne listeriosis.
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LISTERIOSIS, MAN-MADE?

H . P. R .  S e e l i g e r

Institu te  o f  H ygiene and Microbiology, U niversity  o f  W iirzburg, W ürzburg, F RG

Listeriosis has b een  considered fo r decades as zoonosis an d  lis ted  b y  
W H O  te rm in o lo g y  as such  w ith  th e  u n d e rs ta n d in g  th a t  i t  is a n a tu ra lly  occu r
ring  disease w ith  p r im a ry  spread  am ong an im als. T h is view  does, how ever, 
no t tak e  in to  acco u n t th a t  in m any  in stan ces an im al listeriosis is a food-borne 
in fec tion , o rig in a tin g  from  Listeria monocytogenes o rganism s liv ing  in  soil 
on decaying  veg e tab les  or elsewhere in  th e  e n v iro n m en t po llu ted  w ith  faecal 
m a tte r  from  w hich th e  organism  gets access to  silage. T here  it can  m u ltip ly , 
w hen ac id ifica tion  is insu ffic ien t. Silage is a p ro d u c t developed b y  m an  an d  
has becom e an  in d isp en sab le  an im al feed d u rin g  th e  s tab lin g  period . Silage- 
borne in fections are  f req u en t in  w in te r an d  early  sp ring . There m ay  su b 
seq u en tly  be ep izoo tic  sp read  am ong an im als an d  occasionally  tran sm iss io n  
to  m an , e ith e r  d ire c tly  or via m eats, e tc . In  m an  th e  disease w ould th e n  be 
classified as zoo -an th roponosis  w ith  e v e n tu a l tran sm issio n  from  m an  to  m an  
in  ob ste tric  w ard s a n d  qu ite  obviously d u rin g  p reg n an cy  w hen th e  fe tu s  is 
affected . T he p a s t few  years  have, how ever, m ade e v id e n t th a t  h u m a n  lis te 
riosis in  spo rad ic  cases an d  in  epidem ic fo rm  is also a foodborne in fec tio n , 
the  tru e  d im ensions o f  w hich require  fu r th e r  s tu d y . A lthough  listeriosis has 
been p laced  in to  th e  ca teg o ry  of a geonosis, i.e. a soilborne en v iro n m en ta l 
infection , as p r im a ry  source of hum an  an d  an im al d isease, i t  m ay  secondarily  
behave like a genuine zoonosis. O bviously  th e  p re sen t categories of c lassifi
cation  are so m ew hat in su ffic ien t to  place listeriosis in  one single e n ti ty  on ly .

T he disease has b een  observed in  m a n  w ith  slow ly increasing freq u en cy  
since th e  tw en tie s , th e  f irs t  p roved  case o f m en in g itis  hav in g  been described  
in  F rance  (1921). E x c e p t a few o u tb reak s  o f ep idem ic p roportions in  th e  
G erm an D em o cra tic  R epub lic  and  in  N o rth e rn  p a r t  o f F edera l R epub lic  o f 
G erm any, p ra c tic a lly  a ll rep o rted  cases h av e  been  sporad ic . M ajor o u tb reak s  
in  N ova Scotia , C an ad a , as well as in  M assach u se tts  a n d  in  California, U SA , 
during  th e  p a s t few  y ea rs  and  recen t w aves o f in fec tions observed in  ce rta in  
areas of S w itze rlan d , A u stria  and  th e  U SA , caused  a g rea t deal of concern ,
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In s t i tu te  o f  H y g ien e  a n d  M icro b io lo g y , U n iv e rs ity  o f  W iirzb u rg , 
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as th e y  m ain ly  in v o lv ed  m ilk, d a iry  p ro d u c ts  or raw  veg e tab les  consum ed  
as salad .

So fa r th e  m ed ical l i te ra tu re  covers a ro u n d  10 000 b ac te rio log ically  
p ro v e d  cases, b u t ex trem e ly  little  has becom e know n as to  its  ep idem iology  
a n d  th e  p a th o g en e tic  processes lead ing  to  o v e rt disease.

O bviously, h u m a n  listeriosis does n o t d iffer clin ically  or h isto log ically  
fro m  th e  sam e d isease as i t  was observed  in  a w ide range of an im al species, 
p a r tic u la r ly  in  dom estic  an im als, b u t also am ong  free liv ing  ru m in a n ts  such 
as deer. The s im ila r ity  of tissue lesions p rov o k ed  in all su scep tib le  species 
in d ica te s  sim ilar p a th w a y s  of th e  in fec tio n , w hich is caused b y  an  obv iously  
n o n -h o s t-a d a p te d  soil b ac te riu m  w ith  a su rp ris in g  pathogen ic  p o te n tia l.

W hen it  w as d iscovered  th a t  listeriosis in  dom estic an im als  p red o m in a tes  
d u rin g  th e  s tab lin g  period  w ith  silage as m ain  food, in te re s t w as focused on 
its  q u a lity . This re su lte d  in  th e  n o te w o rth y  fin d in g s th a t  in num ero u s in stan ces 
i t  co n ta in ed  v iru le n t L . monocytogenes due to  fa u lty  m ethods of p ro d u c tio n . 
As a lready  s ta te d  listeriosis in  d a iry  c a ttle  still is a disease o ften  re su ltin g  
from  m an-produced  food.

A lthough a sim ilar m ode of tran sm issio n  from  lis te ria -co n ta in in g  food, 
su ch  as m ilk, h as  b een  suspected  since th e  e a rly  fifties in  G erm any , no p ro o f 
fo r th is  was o b ta in e d  u n til  only a few  y ears  ago, w hen an  o u tb re a k  in  M inne
so ta  (USA) a le rted  th e  public h e a lth  au th o ritie s . Sum m ariz ing  th e  accu m u la ted  
know ledge since th e n , th ere  is no m ore an y  dou b t th a t  L . monocytogenes 
reach es m an p r im a rily  by  food v ia  th re e  d iffe ren t rou tes: (i) m ilk  an d  d a iry  
p ro d u c ts ; (ii) m ea ts  an d  raw  m ea t p ro d u c ts ; (iii) vegetab les a n d  sa lads soiled 
w ith  co n tam in a ted  sew age, d ir t an d  faecal m a tte r .

This does n o t exclude a few o th e r  m odes o f transm ission , such as d irec t 
c o n ta c t w ith  lis te ria -in fec ted  an im als an d  th e ir  excretions as w ell as in h a la tio n  
o f  d u s t from  c o n ta m in a te d  s tab les  — as has been  observed am ong  v e te rin a ries  
a n d  ag ricu ltu ra l w orkers.

O f g rea t im p o rtan ce  for b o th , an im als and  m an, is th e  tran sm issio n  
d u rin g  p reg n an cy  fro m  th e  m a te rn a l bo d y  to  th e  fetus w ith  re su ltin g  fe ta l 
w astag e , ab o rtio n  or s till-b irth . T here  ag a in  a co n tac t in fec tion  w ith  in fec ted  
b o d y  flu ids is easily  possible and m ay  lead  to  an  occasional ca rr ie r  s ta te  in  th e  
to n s illa r  region a n d  in  th e  in te s tin a l t r a c t  as well as to  cross-in fec tion  in  
o b s te tr ic  w ards.

O bviously th e  g rea t m a jo r ity  o f in d iv id u a ls  ingesting  th e  organism s w ill 
n o t com e dow n w ith  ap p a re n t clin ical in fec tion , regardless w h e th e r or n o t 
p re v e n tio n  is tr ie d . T his, of course, does n o t exclude for in stan ce  e n te ritic  
episodes, w hich so fa r  have n ev er been  in v es tig a ted  as to  possible lis te ric  
in fec tions. The h y p o th es is  o f c lin ically  in a p p a re n t in fection  does n o t neces
sa r ily  ind ica te  th a t  th e  ingested  L. monocytogenes cells are l i ttle  or n o t v iru le n t 
o r on ly  p resen t in  num bers too  sm all fo r causing  infection . I t  m ay  be m ore

Acta Microbiologica Hungarica 36, 1989



L IS T E R IO S IS , MAN-MADE? 109

likely  th a t  th e  ind iv id u a ls  in  co n tac t w ith  th em , are q u ite  re s is ta n t to  in fec tion  
or even  im m une due to  previous ex p o su re  w ith  re su ltin g  fo rm atio n  of T  cells 
reac tiv e  w ith  o th e r G ram -positive b a c te ria , as re c e n tly  rep o rted  b y  P ro f. 
K a u fm a n n  from  Ulm (FR G ).

T he a larm ing  h u m a n  o u tb reak s  an d  find ings in  v a rio u s  coun tries seem  
to  in d ica te  th a t  th e  m ain  en try  of L . monocytogenes in to  m an  is th e  o ra l ro u te  
b y  m eans of lis te ria -co n ta in in g  food. I t  m ay  well be assum ed  th a t  a no rm al 
p ro d u c tio n  of gastric  acid as e ssen tia l [»art of digestion  w ould  kill m ost lis te ria - 
cells due to  th e ir  sen s itiv ity  to  p H -lev e ls  low er th a n  3.5. T h a t th is  w ill n o t 
p rev en t periods of ca rrie r-s ta te  w ith  faecal excre tion  o f th e  organism s, has 
been p roved  beyond  d o u b t by re p o r ts  from  th e  N e th e rlan d s  on la b o ra to ry  
personnel and  d u ring  a prospective  s tu d y  of p re g n a n t w om en in  th e  F ed era l 
R epub lic  of G erm any , recen tly  also in  surveys am ong  w orkers in  F ren ch  
slaugh ter-houses.

F o r m ore or less unknow n reaso n s, L. monocytogenes will, how ever, 
inv ad e  th e  h u m an  b o d y , lead ing  occasionally  to  severe clinical syndrom es, 
these  inc lud ing  m en ing itis , sep ticaem ia  and  ab o rtio n . N evertheless, lis te ric  
in fec tio n  will u sua lly  pass ra th e r  u n n o tic e d . I t  is u n k n o w n  and  a m a tte r  of 
co n jec tu re  w heth er th e  u p tak e  of liv e  listeria-cells w ill lead  to  local in f la m 
m atio n  of th e  o ro -p h ary n g ea l region o r  in  th e  in tes tin e  w ith  re su ltin g  syndrom es 
w hich m ay  be sore th ro a t ,  flu-like o r cha rac terized  b y  e n te ritis . I t  has to  be 
a d m itte d  th a t  p resen tly  no clear v iew  ex ists as to  w h a t h ap p en s along  th e  
m ucous m em branes a t  th e  p rim ary  s ite  of in fection . O ne m ay  specu la te  th a t  
c e rta in  s tru c tu res  on th e  surface o f listeria-cells seem  to  fav o u r th e  
adherence  or p e n e tra tio n  in to  ep ith e lia l cells or defence cells w ith  re su ltin g  
p ro p ag a tio n . In  th is  co n te x t w hite b lo o d  cells and  p r im a rily  m onocy tes ap p e a r 
on th e  local scene, be in g  a ttra c te d  b y  lip ids of th e  lis teria-ce lls  w hich  h av e  
been analyzed  and  called  m onocy tosis-p roducing  ag en t (M PA ).

T h is is w hy im m unologists fo r th e ir  stud ies m ake use of L . monocyto
genes cells i f  th ey  w a n t to  o b ta in  m o nocy tes in  th e  p e rito n ea l w ashings of lis te 
ria -in fec ted  roden ts. A ccord ing  to  re c e n t observa tions from  F ran ce , th is  
a t tra c t io n  of m onocytes m ay  p e rh a p s  be th e  decisive s tep  for th e  fu r th e r  
d evelopm en t of severe form s of lis terio sis , because such  re ticu lo -en d o th elia- 
cells w ill som etim es fail to  kill th e  p h ag o cy to sed  organism s (as th e y  should), 
h u t r a th e r  carry  th em  to  o ther p a r ts  of th e  body . I t  is know n  th a t  lis te ria l- 
cells a re  n o t susceptib le  to  n a tu ra l k ille r  agents as co n ta in ed  in  th e  b lood , 
n o r to  ad m in is te red  an tib io tics  w h ils t th e y  are co n ta in ed  in  such cells. T his 
holds tru e  also for im m unosuppressed  in d iv idua ls, he i t  on  accoun t of n a tu ra l 
disease, of app lica tion  of co rticoste ro id  th e ra p y  or of p rogressed  age or com 
b in a tio n s  of them .

T he p re sen ta tio n  o f Listeria  o rgan ism s to  T  cells in  no rm al in d iv id u a ls  
w ould s ta r t  a process w hich will f in a lly  lead  to  resistance  or even im m u n ity

Acta Microbiologica Hungarica 36, 1989



по S E E L IG E R

to  Listeria  and  sero log ically  re la te d  o rgan ism s, an d  vice v ersa . T hus only  
u n d e r  special c ircu m stan ces L . monocytogenes will cause severe or fa ta l clinical 
syndrom es a fte r i t  h a s  crossed th e  local defence b a rrie rs  d u rin g  an  endogenous 
o r exogenous process, lead ing  to  sep ticaem ia  or m en ingoencephalitis .

The question  arises w h e th e r an d  to  w h a t e x te n t L. monocytogenes will 
g ive rise to  the  d ev e lo p m en t of an tib o d ies  of various n a tu re  to  cope w ith  or 
to  ind icate  p resen t o r p a s t lis te ria -in fec tio n . M any in d iv id u a ls , beg inning  in  
th e  earliest ch ildhood , give ev idence o f IgM - an d  IgG -serum -an tibod ies 
re ac tiv e  w ith L isteria  som atic  (0 )  an d  flag e lla r (H) an tig en s . D ue to  cross
reac tio n s  betw een  th e  О an tigens o f L isteria  an d  G ram -positive  pathogen ic  
a n d  non-pathogen ic  cocci, i t  is, how ever, questionab le  w h e th e r  such Listeria  
О antibodies are  re a lly  specific fo r an d  in d ica tiv e  of th is  species — even if  
th e y  can be d e m o n s tra te d  a fte r  a p p ro p ria te  a b so rp tio n  procedures w ith  
staphylococci a n d  en terococci. O n th e  o th e r  h an d , H  an tib o d ies  ag a in st 
L isteria  seem to  be  m u ch  m ore specific a n d  th u s  p o in tin g  to  prev ious or p a s t 
in fec tion .

Clinical experience  has show n th a t  even  in  b acterio log ically  proved  
cases, 0  or H  an tib o d ie s  m ay  n o t ap p e a r in  th e  serum  of th e  p a tie n ts , perh ap s 
as consequence o f  e a rly  ch em o th erap y  p rev en tin g  a n tib o d y  fo rm ation . I t  
rem ain s, therefo re , open  w h e th e r th e  re spec tive  an tib o d ies  as found  am ong 
30 to  40%  of th e  ex am in ed  in d iv idua ls, are  rea lly  a re su lt o f p rev ious listeric  
in fec tion . I f  th is  w ere  tru e , one w ould  h av e  perh ap s a p a ra m e te r  to  in d ica te  
a s ta te  of im m u n ity  o r a t least increased  resistance , as o b serv ed  w ith  listeria- 
re ac tiv e  T cells.

A t presen t, a ll th is  rem ains essen tia lly  a m a tte r  of co n jec tu re . E x te n d e d  
sc ien tific  studies a re  ind ispensab le , in  o rd er to  ev a lu a te  th e  s ta te  of suscep ti
b i l i ty  of hum an  b e in g s ag a in st lis te ric  in fec tio n  and  to  p rov ide  a reliab le 
d iagnostic  tes t.

M oreover, i t  ap p e a rs  th a t  th e  h aem olysin  of L. monocytogenes — w hich 
is d ifferen t from  th e  haem olysin  of L isteria  ivanovii an d  p ro b ab ly  also of 
L isteria  seeligeri — p lays an im p o r ta n t role in  the  process of invasion  an d  
su b seq u en t v iru le n t ac tion . This h aem olysin  is v e ry  closely re la te d  to  s trep to - 
lysin-O , again m a k in g  ev a lu a tio n  of a n tib o d y -tite rs  e x trem e ly  difficult.

The p o ssib ility  o f cross p ro te c tio n  o rig in a tin g  from  strep to co ccal in fec
tio n s  can thus n o t be  denied .

Only very  l im ite d  experience in d ica te s  th a t  k illed  listeria-cells will lead  
to  cu taneous re a c tio n s , th e  in te rp re ta tio n  o f w hich  is e n tire ly  open and  h y p o 
th e tic a l at th is tim e . T he p resen t s ta te  of ignorance  concern ing  b o th , th e  gene
sis and  developm ent of lesions in  th e  b o d y  due to  L. monocytogenes and  th e  
absence of re liab le  an d  recognized te s ts  to  de te rm ine  th e  s ta te  of im m u n ity  
o r suscep tib ility , a re  th e  p rin c ip a l reasons of th e  u n c e r ta in ty  am ong th e  
m ed ical profession to  w h a t e x te n t h u m a n  h e a lth  an d  h u m a n  life is endangered
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b y  L . monocytogenes, a lth o u g h  th e re  can  be no d o u b t from  availab le  scien tific  
ev idence th a t,  regard less th e  orig in , all organism s belong ing  to  L . monocyto
genes have  to  be considered  p o te n tia l pathogens.

A la st en tire ly  unso lved  p rob lem  is th e  in fectious dose, i.e. th e  m in im al 
» m o u n t of pa thogen ic  L . monocytogenes cells to  cause in fec tio n  in  th e  various 
age groups as well as in  th e  h e a lth y  or predisposed in d iv id u a ls .

R e tu rn in g  to  th e  question , posed in  th e  title  o f th is  p re se n ta tio n  “ L is te 
riosis, m an-m ade ?”  experience w ith  an im al feed an d  new  know ledge accu
m u la ted  only in th e  e igh ties leave little  dou b t th a t  on ly  a sm all frac tio n  of 
th e  clinical cases am ong  an im als a n d  m en are the  re su lt o f w h a t m ay  be called 
a n a tu ra l  and alm ost u n av o id ab le  in fection  resu ltin g  from  ingestion  of raw  
feed or food c o n ta m in a te d  w ith  soil-borne b ac te ria . T he g rea te r p a r t  of th e  
observed  clinical cases seem s like ly  to  be th e  resu lt o f a lim e n ta tio n  w ith  m a n 
m ade food stuff. So fa r  th e  p ro d u c tio n  of all sorts o f food  to o k  p lace w ith o u t 
an y  considera tion  of Listeria  as a possible co n ta m in a n t of m ilk-borne p ro d 
u c ts , o f uncooked m ea t and  m ea t-p ro d u c ts , o f ce rta in  ty p e s  of fresh  v egetab les 
an d  salads, b u t also of seafood (such  as shrim ps) an d  of m an y  convenience 
foods w ith  a long shelf-life. The u n iq u e  properties of L . monocytogenes to  grow 
a t  low  te m p e ra tu res  used  to  keep food fresh, to  to le ra te  well e lev a ted  sa lt 
co n cen tra tio n s and  th e  fa ilu re  to  p roduce  any  offensive odours, are  ex trem ely  
w ell su ited  to  escape even  h igh ly  c ritica l m on ito ring  of such food. I t  th u s  
ap p ears  th a t  progress in  civilized an d  highly  developed  com m unities has 
a c tu a lly  g rea tly  c o n tr ib u te d  to  m ake listeriosis a h u m a n  an d  v e te r in a ry  public 
h e a lth  problem . I t  c an n o t be ju s t  a coincidence th a t  red -sm ear cheeses as 
p ro d u ced  in wide p a r ts  o f E u rope , h av e  been found m ore freq u en tly  to  con ta in  
L . monocytogenes on th e ir  surfaces th a n  cheeses from  sheep m ilk  in  th e  N ear 
E a s t w ith  only ab o u t 1%  listeric  co n tam in a tio n . The a lm o st exclusive c o n ta m 
in a tio n  of th e  surfaces (c rust, r ind ) of such cheeses in d ica tes  sp read  o f th e  
organism s in the  la te r  stages of m an u fac tu rin g . The ex trem ely  freq u en t c o n ta m 
in a tio n  by  L. monocytogenes of deep-frozen  p o u ltry -m e a t an d  so-called ta ta r  
pork  likewise po in ts to  serious hyg ien ic  fau lts  in the  h an d lin g  an d  m an u fac tu re  
of such  p roducts. T he m odern  m eth o d s of re frig era tio n  w ith  th e  p ro longed  
shelf-life of convenience — and  perishab le  food fav o u r in  a un iq u e  fash ion  
n o t o n ly  the  su rv iv a l, b u t  also th e  g row th  of L. monocytogenes, ev en tu a lly  
to  levels endangering  h u m an  an d  an im al health .

W ith  all th is  in  m in d , one can  dare  to  say th a t  listeriosis in  its  g rea te r 
p a r t  is a m an-m ade disease. T his has been clearly  recognized  b y  th e  W orld  
H e a lth  O rgan iza tion  w hich  in  one of its  m ost recen t re p o rts  calls for com bined  
effo rts  o f all concerned  to  m inim ize w herever possible th e  p resen t risk  b y  
a p p ro p ria te  m ethods a t  all levels, a lth o u g h  i t  m u st be assum ed th a t  th e  
n a tu ra lly  occurring lis te ria -in fections w ill never be e rad ica ted .
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TAXONOMIC POSITION OF LISTERIA  STRAINS
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Department o f Microbiology, University o f Leicester, Leicester, U K

B ac te ria l ta x o n o m y  is the  process of classify ing b ac te ria  in to  o rderly  
g roups or ta x a  on th e  basis of as m u ch  in fo rm a tio n  as possible. These groups 
are  th e n  nam ed b y  an  in te rn a tio n a lly  agreed m ethod  [1] for purposes of 
co m m unica tion . Good, s tab le  c lassifica tion  an d  n o m en cla tu re  are essen tia l 
for bacterio log ical w ork  of all kinds. A ll biological c lassifications are sub jec t 
to  change as new in fo rm atio n  becom es ava ilab le , b u t b ac te ria l c lassifications 
have been  p a rticu la rly  un stab le  because o f problem s pecu liar to  these  o rg an 
ism s; p a u c ity  of m orphological d e ta il, th e  v ir tu a l absence of useful fossil 
records a n d  th e  re la tiv e ly  recen t dev e lo p m en t of m eth o d s to  s tu d y  th e  b a c te 
ria l genom e. T hus, b a c te r ia l c lassifications are, in  th e  m ain , p henetic  (based 
on th e  p h en o ty p ic  p ro p ertie s  of o rgan ism s liv ing  to d ay ), n o t phy logenetic  
(based  on  ev o lu tio n ary  evidence).

T he m arked  im p ro v em en ts  th a t  h av e  ta k e n  place in  th e  co n stru c tio n  
of b a c te r ia l c lassifications in  the  la s t tw e n ty  years  are due m ain ly  to  the  
d ev e lo p m en t of new techn iques for in v e s tig a tin g  th e  p ro p erties  of th e  o rg an 
ism s, especially  m acrom olecular co m position  an d  s tru c tu re , and  to  th e  use 
of co m p u te rs  for th e  h an d lin g  and  analy sis  o f th e  p le th o ra  of in fo rm atio n  
derived  from  com prehensive taxonom ic  s tu d ies. T hese stud ies are lead ing  to  
th e  p ro d u c tio n  of s tab le  phenetic  c lassifica tions [2] an d  are also p rov id ing  
th e  basis  for a phy logenetic  c lassification  [3]. N o t su rp rising ly , th e re  is v e ry  
fre q u e n tly  a lack  of congruence betw een  th e  o lder an d  new er phen e tic  classfi-. 
cations a n d  betw een these  and th e  em erg ing  phy logene tic  c lassifications. 
This is especially  so in  th e  case of th e  o lder phen e tic  classifications. T his 
d isc rep an cy  is now being  addressed a n d  ac tive  efforts are being m ade to  
reconcile phenetic  an d  phylogenetic  c lassifica tions of b ac te ria  [4]. T he aim  
is to  p ro d u ce  a good, sc ien tific  c lassifica tion  w ith  a stab le  n o m en c la tu re  th a t  
re flec ts  th e  ev o lu tio n ary  processes a n d  p a th w a y s  th a t  have  resu lted  in  th e  
em ergence of co n tem p o ra ry  bacteria l fo rm s.

In  th e  case of th e  lis teriae  the  re su lts  o f num erica l tax o n o m ic , chem ical
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an d  nucleic acid h y b rid iza tio n  an d  sequencing  stud ies in  p a r tic u la r  have led  
b o th  to  changes in  th e  com position  of th e  genus Listeria  and  in  our p e rcep tio n  
o f th e  re la tedness o f th e  genus to  o th e r  groups of G ram -positive , ro d -sh ap ed  
b a c te r ia . H ow ever, n o t all th e  problem s re la tin g  to  a good, s tab le , sc ien tific  
c lassifica tion  of th e  lis te riae  have  been  reso lved . In  th is  co n tr ib u tio n  th e  
c u rre n t c lassifica tion  an d  n o m en cla tu re  of th e  b a c te ria  will be review ed.

Taxonom y o f the genus Listeria

The genus L isteria  [5] was c rea ted  for th e  G ram -positive , ca ta lase  posi
tiv e , rod -shaped  b a c te r ia  iso lated , described  an d  nam ed  “ Bacterium  m ono
cytogenes'’’ by  M u rray  e t al. [6]. In  th e  p a s t tw e n ty  years th e  genus has been  
e x p an d ed  from  co n ta in in g  only th e  ty p e  species, Listeria  monocytogenes, to  
co n ta in , in  ad d itio n , Listeria  innocua, L isteria  seeligeri, L isteria  w elshim eri, 
L isteria  ivanovii, L isteria  grayi, L isteria  m urrayi an d  Listeria  denitrificans  [7]. 
A lth o u g h  all e igh t species were v a lid ly  nam ed , these  au th o rs  chose to  t r e a t  
th e  la s t  th ree  as species in certae  sedis. L . denitrificans  w as so desig n a ted  
because  while i t  h ad  been  recognized for m an y  years th a t  these  b ac te ria  w ere 
n o t m em bers of th e  genus Listeria, th e y  could n o t be p laced  w ith  confidence 
in  an y  o ther described  tax o n  (see [7]. for fu r th e r  discussion and  references). 
R ecen tly  th e  re su lts  o f 16S rR N A  ca ta lo g u in g  stud ies have p rov ided  u n eq u iv o 
cal evidence for th e  rec lassification  of L . denitrificans  in  a new  genus Jonesia  
as Jonesia  denitrificans  [8].

L . grayi an d  L . m urrayi w ere tre a te d  as in certae  sedis by  Seeliger a n d  
Jo n es  [7] because o f th e  conflic t be tw een  th e  in te rp re ta tio n  o f th e  resu lts  
o f num erica l tax o n o m ic  [9— 13] an d  chem ical [13 — 16] stud ies on th e  one 
h a n d , and  D N A -D N A  h y b rid iza tio n  s tud ies [10, 17, 18] on th e  o ther. T he 
re su lts  of th e  n u m erica l tax o n o m ic  and  chem ical stud ies all in d ica ted  th a t  
L . grayi and  L . m urrayi were p h cn o ty p ica lly  m em bers of th e  genus Listeria  
b u t  th e  resu lts  of th e  D N A -D N A  h y b rid iza tio n  s tud ies su p p o rted  th e  su g 
gestion  of S tu a r t  an d  W elshim er [10] th a t  these  b a c te ria  be tran sfe rred  to  
a new  genus for w hich  th e y  proposed  th e  n am e “ M u rray a” (see [7] for fu ller 
discussion). This p ro b lem  has been reso lved  by  th e  recen t resu lts  of 16S rR N A  
ca ta lo g u in g  s tu d ies  [19] w hich in d ica ted  th a t  L. m urrayi is closely re la te d  
on th is  crite rion  (s im ila rity  coefficient 0.73) to  L. monocytogenes. C onsidera
tio n  of th e ir  re su lts  to g e th e r w ith  th e  close ph en o ty p ic  sim ila rity , re fe rred  
to  above, betw een  L . m urrayi and  L . grayi an d  th e  o th e r species of th e  genus 
L isteria  led these  w orkers to  propose th a t  L . m urrayi and  L . grayi shou ld  be 
re ta in e d  in th e  genus Listeria  [19]. More recen t chem ical and  num erica l ta x o n 
om ic stud ies [20, 21] also su p p o rt th is  view . T hus, cu rren tly  th e  genus- 
Listeria  com prises seven v a lid ly  nam ed  species, L. monocytogenes, L . innocua,
L . seeligeri, L . welshim eri, L . ivanovii, L . grayi and  L. m urrayi.
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Intrageneric com position o f the genus L isteria

T he genus is a well c ircum scribed  ta x o n  (see Seeliger and  Jo n es [7], 
fo r m ost references) con ta in in g  m esophilic , G ram -positive , non-sporing , non- 
m ycelial fo rm in g , m otile  rods th a t  grow  aerobically  and  an aerob ically  an d  
p roduce  m ain ly  l ( +  ) lactic  acid from  th e  fe rm en ta tiv e  m etab a lism  of glucose. 
All are ca ta la se -p o sitiv e  an d  p roduce  cy tochrom es [21, 22]. E xogenous c itra te  
is n o t u tilized . T h e  cell w all co n ta in s  a d irec tly  cross-linked p ep tidog lycan  
based  up o n  m esodiam inopim elic  acid  (v a ria tio n  A ly of Schleifer and  K a n d ie r  
[23]), associa ted  w ith  teichoic acids; lipoteichoic acids are p resen t [24]. 
M ycolic acids are  n o t p resen t. The long chain  fa t ty  acids consist p red o m in an tly  
of s tra ig h t ch a in  sa tu ra te d , anteiso- an d  iso -m ethy l-b ranched  chain  ty p es . 
The m a jo r f a t ty  acids are 14 -m ethy lhexadecano ic  (anteiso-C 17 0) and  12 m eth y l- 
te trad ecan o ic  (an teiso -C 15 0). M enaquinones as th e  m a jo r re sp ira to ry  qu inones; 
th e  m a jo r m en aq u in o n e  co n ta in s seven  isoprene u n its  (M K -7). The m ol %  
G J -  C c o n te n t o f th e  D N A  is 36-42  (Tm).

A d e ta iled  acco u n t of th e  in trag en eric  c lassification  of th e  genus an d  
th e  d iffe ren tia tio n  of th e  seven species is given by  R o co u rt (th is sym posium ) 
and  will n o t he d e a lt w ith  here. T here  are, how ever, tw o  areas th a t  ju s tify  
som e com m ent. T he cu rren t c lassifica tion  of s tra in s , fo rm erly  all inc luded  
in  th e  one species L . monocytogenes sensu lato, as L . monocytogenes, L . innocua, 
L . seeligeri, L . welshim eri and L . ivanovii is based  m ain ly , h u t no t en tire ly , 
on th e  re su lts  o f  D N A -D N A  h y b rid iza tio n  stud ies [18]. P h en o ty p ica lly , all 
th e  ta x a  ex cep t possib ly  L . ivanovii, are v e ry  sim ilar [7, 21, 24-28]. In d eed , 
as n o ted  by  F eresu  and Jones [21], a lth o u g h  five clusters were recovered  
am ong  th e  lis te riae  in  th e ir  num erica l tax o n o m ic  s tu d y  (L . seeligeri an d  L . 
welshim eri w ere n o t included) all ex h ib ited  87%  sim ila rity  and  in  the  absence 
o f th e  genom ic d a ta  of R oco u rt e t al. [18] i t  w ould have been d ifficu lt to  
reg a rd  th e  ta x a  as sep a ra te  species; ra th e r , th e  resu lts  w ould have  in d ica ted  
subspecies. H ow ever, it has been p roposed  recen tly  [4] th a t  — “ The p h y lo g e
n e tic  d efin itio n  o f a species genera lly  w ould  include s tra in s  w ith  a p p ro x i
m a te ly  70%  or g re a te r  D N A -D N A  re la tedness an d  w ith  5 °C or less ZlTm. B o th  
values m u st he considered” . On these  c rite ria  th e  s tra in s  s tud ied  by  R o co u rt 
e t  al. [18] re p re se n t a t least five species. A recen t e lec trophoretic  s tu d y  of 
s tra in s  of L . monocytogenes, L . innocua, L . seeligeri an d  L . ivanovii [29] in d i
ca ted  th a t  all th e  species w ere genetica lly  d issim ilar and  also in d ica ted  th a t  
th e  p o p u la tio n  o f  L . monocytogenes s tu d ied  could be sep ara ted  in to  tw o groups. 
O f in te re s t in  th is  co n tex t is th a t  tw o d is tin c t groups of L . monocytogenes 
s tra in s  w ere recovered  in  th e  s tu d y  o f Feresu  an d  Jones [21] h u t, as n o ted  
prev iously , th ese  au th o rs  w ould n o t, on th e  basis of th e ir  resu lts  alone, have  
considered  th e m  as d is tin c t species b u t  as subspecies.

More w ork  m u s t be done to  search  for ad d itio n a l ph en o ty p ic  ch a rac ters
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stu d ies  [9, 39, 40] a ll in d ica ted  th a t  th e  genus Listeria  was m ost closely re la ted  
to  d istingu ish  th e  fiv e  ta x a  L. monocytogenes, L . innocua, L . seeligeri, L . wel- 
shim eri, L . ivanovii. U n til th is  is done i t  w ould  be unw ise to  nam e fu r th e r  
species. W hen on ly  a few pheno typ ic  ch a rac te rs  are availab le  for d ifferen
tia t io n  errors can  ensue  for a v a rie ty  o f reasons and  th e re  is alw ays th e  p ro b lem  
o f p lasm id  encoded ch arac te rs  th a t  can  be lost or gained. H aem olysis is a 
p a rtic u la rly  im p o r ta n t charac ter for d iffe ren tia tio n  an d  i t  is know n th a t  
non-haem oly tic  v a r ia n ts  o f L . monocytogenes occur, if  ra re ly  [30].

The o ther a rea  o f  u n c e rta in ty  is th e  re la tio n sh ip  of L . grayi an d  L . m ur- 
rayi to  each o ther. As no ted  earlier, R e c o u rt e t al. [19] have proposed  th a t  
b o th  ta x a  he re ta in e d  in  th e  genus L isteria , b u t  m ade no com m en t on w h e th e r 
th e y  shoidd be re g a rd e d  as tw o d is tin c t species or subspecies. T he resu lts  of 
n u m erica l taxo n o m ic  [12, 21], chem ical [20, 27] and  D N A -D N A  h y b rid iza tio n  
s tu d ie s  [10, 17] in d ic a te  th a t  L. grayi an d  L. m urrayi are  su ffic ien tly  closely 
re la te d  to  be considered  as subspecies of one species [10, 12, 21, 31]. In  th is  
case th e  nam e L . g ra y i [32] would ta k e  precedence and  th e  subspecies w ould 
be designated  L . g ra y i subspecies grayi a n d  L . grayi subspecies m urrayi.

Intergeneric placem ent o f  the genus L isteria

In  the  sev e n th  ed itio n  of B erg ey ’s M anual [33] th e  genus Listeria  was 
p laced  to g e th er w ith  Erysipelothrix  in  th e  fam ily  Corynebacteriaceae th e  ty p e  
pccies of w hich w as th e  genus Corynebacterium. This p lacem en t was u n d o u b t
ed ly  one of conven ience, m ade on th e  basis th a t  th e  lis te riae  w ere G ram - 
sp o sitiv e , non-sporing , catalase-positive rods. The p lacem en t of E rysipelothrix, 
a ca ta la se -n eg a tiv e  genus, close to  L isteria  is no t su rp rising  because several 
e a rly  w orkers b ad  a rg u ed  a close re la ted n ess  betw een  th e  tw o  genera on th e  
basis  of in fo rm atio n  availab le  a t th a t  tim e  and  W ilson and  Miles [34] s ta te d  
t h a t  th e y  tre a te d  Erysipelo thrix  and  L isteria  as sep a ra te  genera v e ry  re lu c
ta n t ly  because, in  th e ir  opinion th e  d ifferences betw een  th e  tw o ta x a  did n o t 
w a r ra n t separa te  generic  sta tus.

M urray [35] th o u g h t th a t  Listeria  m ig h t be p laced  in  a fam ily  Brevi- 
bacteriaceae. Jo n es e t  al. [22] n o ted  a s im ila rity  betw een  Listeria  and  th e  
descrip tion  given b y  T horn ley  and  S h arp e  [36] for some G ram -positive rods 
iso la ted  from  ch icken  m eat. I t  is of in te re s t  th a t  some of th e  b ac te ria  described 
b y  T horn ley  an d  S h arp e  [36] have now  been classified as Brochothrix ther- 
mosphacta [21] an d  o th e rs  as a new genus, Carnobacterium  [37].

The earliest a t te m p t to  q u a n tify  th e  re la tedness of Listeria  to  o th e r 
G ram -positive b a c te r ia  was the n u m erica l taxonom ic  s tu d y  of S n ea th  and  
Cow an [38]. This s tu d y  ind ica ted  th a t  Listeria  was m ore closely re la ted  to  
th e  streptococci a n d  staphylococci th a n  to  Corynebacterium diphtheriae. 
H ow ever, since th e  s tu d y  was based  on old lab o ra to ry  d a ta  these  au th o rs  
fe lt unab le  to  reco m m en d  any  taxo n o m ic  changes. L a te r  num erica l taxonom ic
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to  th e  genera  Lactobacillus, Streptococcus, Staphylococcus, Bacillus, K urth ia  
and  especially  to  Brochothrix  (a t th a t  tim e  n am ed  M icrobacterium  thermosphac- 
tu m ).  T hese resu lts  to g e th e r  w ith  th e  resu lts  o f cell w all analyses [23, 41] 
led to  th e  rem oval of Listeria  from  th e  fam ily  Corynebacteriaceae. In  th e  e igh th  
ed ition  of B ergey’s M anual [42] Listeria  was lis ted  to g e th e r  w ith  Erysipelo thrix  
and  Caryophanon  as “ genera  of u n c e rta in  a ffilia tio n ”  associated  w ith  th e  
fam ily  Lactobacillaceae. Brochothrix and  K urth ia  were, how ever, tre a te d  w ith  
th e  C oryneform  G roup o f b ac te ria .

Since th a t  tim e  all th e  evidence from  fu r th e r  num erica l taxonom ic  
[11, 12, 21] an d  cell w all [15, 16, 20, 24, 43, 44] stu d ies , to g e th e r w ith  th e  
resu lts  o f o th e r  chem ical analyses [13, 14, 21, 4 5 -4 8 ] has n o t only reinforced 
th e  d is tin c tn ess  of th e  genus Listeria  b u t also con firm ed  th e  resu lts  o f ea rlie r 
s tud ies th a t  in d ica ted  th a t  th e  genus is re la te d  to  th e  la c tic  acid b a c te ria , 
th e  genera Bacillus  an d  K urth ia  an d  closely re la ted  to  th e  genus Brochothrix 
[7, 49]. All these  genera  co n ta in  D N A  w ith  a m ol %  G +  C co n ten t of less 
th a n  55 an d  are m em bers of th e  C lostrid ium —Lactobacillus— Bacillus b ran ch  
of th e  G ram -positive  b a c te ria l phy logeny  co n stru c ted  b y  S ta c k e b ra n d t an d  
W oese [50] on th e  basis o f 16S rR N A  cata lo g u in g  s tu d ies . A nalysis o f th e  
16 S rR N A  of L . monocytogenes and  Brochothrix thermosphacta  [51] in d ica ted  
th a t  b o th  species w ere specifically , th o u g h  m o d era te ly  re la ted , an d  form ed 
one of severa l sublines w ith in  the  B acillu s—Lactobacillus— Streptococcus c lu ste r 
of th e  “ C lostrid ium ” su b -b ran ch  o f th e  G ram -positive  b ac te ria . The la te r , 
s im ilar s tud ies of R o c o u rt e t al. [19] also show ed that" b o th  L . monocytogenes 
and  L . m urrayi w ere closely re la ted  to  Brochothrix thermosphacta. A lthough th e  
genera Listeria  and  Brochothrix  are closely re la te d  th e y  are  su ffic ien tly  d is tin c t 
[7, 8, 21, 49, 51] to  be regarded  as sep a ra te  genera fo r th e  presen t. T here  is 
as y e t, no good sc ien tific  defin ition  of a genus [4].
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Special lectures

1. E X PE R IM E N T A L  INFECTION

BIOLOGICAL AND IMMUNOLOGICAL PROPERTIES 
OF AVIRULENT STRAIN OF LISTERIA INNOCUA

E v a  M e n c í k o v á , M . M á r a , Z. M i k o v á  and J. P r ü c h o v á

Institute o f Medical Microbiology and Immunology, Charles University School 
of Medicine, and SU K L , Prague, Czechoslovakia

T h e  s tra in  iso la ted  by  D r. J .  H . W elsh im er from  p lan ts  has an tig en ic  fo rm u la  V (V I) 
IX ; Х У ; X I ;  A B , C — serovar 6a, is n o n -h aem o ly tic , produces lipase , a n d  to x ic  fa c to r  E i, 
is av iru len t fo r a d u lt  m ice, b u t  causes en cep h alitis  in  sucklings. In  o rg an s o f in tra v en o u s ly  
in jec ted  m ice th e  s tra in  persists  and  m ultip lies fo r 1-3  weeks. The p ro te c tiv e  effect ag a in st 
lis te ria l in fec tio n s in  mice of th is  s tra in  ad m in iste red  2—14 days before challenge  is dose dep en d 
ing. A fter 3 w eeks induces resistance  of gu inea  p igs to  in fection  w ith  Mycobacterium tuberculosis 
H 3 7 R v  m easu red  by  spleen w eigh t an d  F e ld m an  in d ex . The h y p e rsen s itiv ity  in d u ced  in  an im als 
is d e tec tab le  b y  fac to r E i an d  P P D  or ОТ tu b e rc u lin s  using  M IF  m eth o d . A  suspension of 
liv ing  cells o f  th is  s tra in  in jec ted  in tra p e rito n ea lly  causes resistance to Mycobacterium kansasii 
Jn m ice, m easu red  by  in h ib itio n  of loss o f w e igh t a n d  decrease of th e  n u m b e r o f bacillus in  th e ir  
Jungs.

T he im m uniza tiou  of anim als ag a in s t listeriosis is o f p rac tica l s ig n ifi
cance. F o r th is  tre a tm e n t is availab le  th e  use of viable suspensions of av iru len t 
s tra in s  of Listeria. H asenclever and K a ra k a w a  [1] and  in d e p e n d e n tly  O sebold 
an d  Saw yer [2] have described the  possib ility  of inducing  th e  im m u n ity  ag a in s t 
listeriosis by  in trad e rm a l or su b c u ta n  a d m in is tra tio n  of v e ry  low doses of 
v iru len t L isteria  s tra in s. This im m u n ity  is increased b y  re p e titio n  of im m u 
n iza tion . T he ap p lica ton  of th e  s tra in  W elsh im er, w hich is, as we h av e  d em o n 
s tra te d , p rac tica lly  w ith o u t an y  p a th o g en ic  effects, is possib le  in  re la tiv e ly  
high doses.

M aterials and m ethods

F o r s tu d ies  on biological an d  im m unolog ical p roperties of a v iru le n t lis te riae  we used  
a s tra in  o rig ina lly  iso lated  b y  D r. J .  W . W elsh im er from  p lan ts  supp lied  to  us b y  Dr. E lische- 
rová. The an tig en ic  s tru c tu re  was estab lished  b y  H . P . R . Seeliger as follow s: О an tig en s У, 
(Y I), IX , X V , X I ;  H  an tigens A B , an d  C. T he s tra in  belongs to  serovar 6a o f  th e  species Listeria 
innocua. S tra in  W elshim er is non-haem oly tic . P ro d u c tio n  of lipase  w as d em o n strab le  on 
n u tr ie n t  a g a r su p p lem en ted  w ith  Tw een 80. T h e  s tra in  is n o t v iru le n t fo r a d u lt  m ice even  in  
doses o f 109 c .f.u . ad m in istered  in tra p e rito n ea lly  o r in travenously .

E v a  M e n c í k o v á , M . M á r a , Z . M ik o v á
In s t i tu te  o f  M edica l M icrobiology a n d  Im m u n o lo g y , C harles U n iv e rs i ty  School o f  M edicine 
S tu d n ic k o v a  7 , 128 00 P ra g u e  2 , C zechoslovakia

J .  P rücho v á
S Ű K L , P ra g u e , C zechoslovak ia
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R esu lts and d iscussion

A fter in tra v e n o u s  ad m in is tra tio n  o f an  L D 50 analogous to  th a t  o f th e  
v iru len t s tra in  o f L isteria  monocytogenes B ra tis lav a  1, a f te r  4 h s tra in  W elshim er 
accum ulated  in  th e  sp leen , and  to  a lesser degree in  th e  liv e r and  persisted  in  
b o th  organs for 7 d ay s  (F ig . 1). E x cep tio n a lly  it  w as d e tec tab le  in some a n i
m als in the liv e r  o r b ra in  a fte r 21 days using  th e  m e th o d  of en richm en t of 
hom ogenized a liq u o ts  of tissue a t 4 °C. In  organs of an im als infected w ith  
L . monocytogenes h is to lo g ica l ex am in a tio n  revealed  th e  u su a l deve lopm en t 
of characteristic  lis te rio m s in  liv er w ith  focuses o f necrosis in spleen (a fte r 
4 days) healing in  7—11 days. S tra in  W elsh im er induces th e  fo rm ation  of m ixed  
nodes (leucocytes a n d  ro u n d  cells) from  1 -2  days a fte r  in fection  in  th e  liv er 
an d  listeriae w ere p re se n t in  th e  K u p p fe r  cells. The n eu ro tro p ic  a c tiv ity  of 
s tra in  W elshim er w as p roved  in  suckling  m ice [3]. C linical sym ptom s of e n 
cephalitis were a p p a re n t  usually  from  5 days a fte r  i.c. in n ocu la tion  of 3 x l 0 4-  
—3 X 106 c.f.u. H isto lo g ica l ex am in a tio n  rev ea led  a n o n -p u ru le n t p red o m in an tly  
p e riv en tricu lar s i tu a te d  encephalitis  w ith  d e s tru c tio n  o f th e  ependym a of 
la te ra l ven tric les in  ad v an ced  cases. M u ltip lica tion  o f lis te riae  was d em o n 
s tra te d  even in  th e  cy to p lasm  of m acrophages of th e  s tro m a  of p lexus cho- 
rio ideus [4]. A n tilis te r ia l effect of th e  suspension  of th is  s tra in  adm in iste red  
in trap e rito n eally  is d em o n stra ted  in  F ig . 2 show ing th e  tim e dependence. 
A fte r the a d m in is tra tio n  14 to  2 days before challenge th e  resistance of m ice 
w as significant, th e  a d m in is tra tio n  one d ay  a fte r  in fec tion  caused an  increased  
le th a lity . The im m u n ity  rem ained  u n ch an g ed  for th ree  w eeks [5].

The in fec tio n  in d u ced  by  su b le th a l doses o f M ycobacterium kansasii 
in  mice is c h a ra c te r is tic  b y  decreased w eig h t o f an im als b e tw een  5 to  25 d ays

Fig. 1. N um ber o f c .f.u . o f  L . monocytogenes (B ra t.  1) an d  L . innocua  (W elshim er) in  100 m g of
tissue, ж liv e r, •  spleen
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log LD 50

F ig . 2. A ntiliste ric  effect o f  L . innocua  (W elsh im er) on mice. T im e dependence — days of
a d m in is tra tio n

a fte r  challenge. T he an im als  were in fec ted  w ith  0.25 m g p er m ouse in tr a 
venously . A fter in tra p e rito n e a l a d m in is tra tio n  of 106 c .f.u . of L . innocua  
s tra in  W elshim er p er m ouse 5 days befo re  challenge w ith  M . kansasii sig
n if ic a n tly  inh ib ited  th e  w eight decrease be tw een  12 to  19 d ay s, b u t the n u m b er 
of m ycobac te ria  in  th e  lungs was n o t in flu en ced  (F ig. 3). A fte r rep ea ted  low 
doses of L . innocua, th is  inh ib ition  w as d em onstrab le  26 to  33 days a fte r 
in fec tio n  and  be tw een  19 to  33 days a f te r  challenge th e  n um ber of m yco
b a c te ria  in  th e  lungs sign ifican tly  d im in ished  (Fig. 4).

S tra in  W elsh im er caused in th e  ex p e rim en ta l tubercu losis  m odel a signif
ic a n t resistance m easu red  by decreased values of spleen w eight and  F eldm an

Days

Fig. 3. W eigh t of m ice d u r in g  th e  infection  o f M . ka n sa sii a f te r  im m u n iza tio n  w ith  L . innocua
(W elshim er). X — — X c o n tro l; Д -----Д  s tra in  W elsh im er; •  M . ka n sa sii;  О ------О  s tra in

W elshim er -f- M . kansasii

4 Acta Microbiologica Hungarica 36, 1989
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in d ex  (Fig. 5). S tra in  W elshim er w as adm in iste red  in tra p e rito n e a lly  in  doses 
108 or 109 c .f.u . p e r  m ouse. T he F e ld m an  in d ex  rep resen ts tu b e rcu lo u s changes 
in  th e  lungs, liv e r, spleen a n d  ly m p h  nodes [6]. M axim al in fe s ta tio n  w as 
expressed  as 100 u n its . The level of resistance  depended  on dose and  tim e  o f 
app lica tion . R e p e a tin g  high doses of Listeria  had  on ly  m in im al effect [7].

A d m in is tra tio n  of th e  s tra in  W elsh im er (3 X Ю8 c.f.u .) th ree  w eeks 
before  tra n s p la n ta tio n  of sa rcom a 180 to  th e  mice in d u ced  a p ro te c tio n  
m easured  by  le th a lity . The sam e effect w as exerted  by  s tra in  W elsh im er on 
K reb s 2 carc inom a. The effect is p resen ted  in  Fig. 6 as th e  su rv iv a l tim e  [8].

The im m u n iza tio n  of gu inea pigs or ra b b its  caused a de layed  h y p e rse n 
s itiv ity . This phenom enon  was d e tec tab le  b y  th e  m ethod  of M IF  using lis te ria l

c.f.u logn

F ig . 4. N um ber o f c .f.u . o f M . kansasii in  lung  of m ice. •  — #  M . k a n sa sii;  О ------О s tra in
W elsh im er -f- M . kansasii

Immunological

F ig . 5. Im m unolog ical p o ten cy  of BCG s tra in s  an d  L . innocua  (W elshim er) in  th e  m odel o f 
e x p erim en ta l tu b ercu lo s is  on guinea pigs. L eft p a r t,  w eigh t of spleens; r ig h t p a r t,  F e ld m an

in d ex
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•/« Survival

F ig. 6. Im m u n o s tim u la tio n  o f mice against K re b s  2 carcinom a ex pressed  as p e rcen tag e  of 
su rv iv a l tim e . K j co n tro l (K reb s  2-carcinom a o n ly ); 1, BCG P rague  725; 2, L . innocua  (W elshi- 
m er); 3, L . innocua  (W elsh im er) and  BCG lip id s ; 4, BC G  lipids. Im m u n o s tim u la tio n  w as m ad e  

8 weeks (BCG) or 3 weeks (listeriae) before tran sp la n ta tio n  of tum our

Fig. 7. D e te rm in a tio n  o f delayed h y p e rsen s itiv ity  o f guinea pigs induced  by  L . innocua  
(W elshim er) a n d  d e te c te d  w ith  lis te r ia l fa c to r  E i, P P D  or old tu b ercu lin  (ОТ)

fac to r  E i, P P D  or o ld  tubercu lin  (ОТ) as an tigens. T he h y p e rsen sitiv ity  
persists from  th e  second  to  seven th  w eek. This in  v itro  m ethod  is n o t so 
specific  as th e  sk in  te s t  (Fig. 7) [9]. T h e  p rec ip ita tio n  in  O ch terlony ’s p ro ced u re  
is specific  for tw o  d iffe ren t stra ins. A fte r  hydrolysis o f th e  suspension o f th e  
s tra in s  for 1 h  w ith  0.1 N acetic ac id , th is  s tra in  sp ec ific ity  has been  lo s t as 
in  th e  case of G ram -nega tive  b ac te ria .

All th e  im m u n iz in g  and im m u n o m o d u la tin g  q u a litie s  of the a v iru le n t 
s tra in  W elsh im er a n d  lack  of the  p a th o g e n ic  p ro p ertie s  presum e th is  s tra in  
for using  as a good v iab le  vaccine fo r  im m u n iza tio n  o f sheep.
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OBSERVATION ON THE PRESENCE OF 
LISTERIA MONOCYTOGENES  IN AXONS

A . O t t e r  and W .  F .  B l a k e m o r e

Department o f  C lin ica l Veterinary M ed ic ine , U niversity  o f  C ambridge , England

T he brains from  16 sheep  diagnosed as lis te ria l encephalitis  on th e  basis of clinical signs 
an d  h is topatho logy  w ere ex am in ed  to  de term ine  th e  ty p es  of in fla m m a to ry  cells p re sen t and  
for b ac teria . Listeria monocytogenes were d e tec ted  b y  im m u n o cy to ch em istry  in  th e  b ra in s of 
th e  16 sheep and were also d em o n s tra ted  in  th e  trig em in a l ganglion  from  th e  sam e side as 
th e  m ost severely affected  side  o f th e  m edulla. B a c te r ia  w ere observed  w ith in  m yelinated  axons 
in  w h ite  m a tte r  t ra c ts  o f th e  b ra in  and in  p e rip h e ra l nerve  axons of th e  trigem inal nerve. 
T h eir loca tion  in ax op lasm  w as confirm ed b y  e lec tro n  m icroscopy. I n  o rder to  in v es tig a te  
w h e th er axonal presence can  b e  eq u ated  w ith  a x o n a l tra n sp o rt,  a m odel o f infection  has been 
estab lished  in mice in  w h ich  b a c te r ia  are in jec ted  in to  th e  sciatic  nerve. P ara lysis of th e  in jec ted  
leg occurs 7-12 days la te r  a n d  exam ination  of th e  sp ina l cord revea ls lesions very  sim ilar to  
th o se  fo u n d  in th e  b ra in s o f affec ted  sheep.

I t  is generally  accep ted  th a t  th e  lesions of encepha litis  in  sheep due to  
in fec tion  b y  Listeria  monocytogenes re su lt from  a focal in fec tion  of th e  b ra in 
s tem  w ith  the  trig em in a l nerve  being th e  fav o u red  ro u te  of e n try  of th e  o rg an 
ism  [1—3]. H ow ever, th e  m eans by  w h ich  b ac te ria  tra v e l w ith in  th e  nerve  
is n o t know n. T his re p o r t  describes th e  ap p earan ce  of L . monocytogenes w ith in  
axons of th e  p e rip h era l an d  cen tra l n erv o u s system  of fie ld  cases in sheep an d  
follow ing ex p erim en ta l infections in  m ice, observations w hich su p p o rt th e  
concep t th a t  L . monocytogenes can be tra n sp o r te d  w ith in  axons.

M aterials an d  m ethods

Sheep tissue. T he b ra in s  and  heads fro m  16 cases o f lis te ria l encephalitis  in  sheep w ere 
o b ta in ed  from  tw o V e te r in a ry  Investig a tio n  C en tres. T he tissue  h ad  been  fixed  b y  im m ersion  
in  10%  form al saline; co ro n al sections a t  th e  leve l o f th e  th a la m u s , superio r colliculus, pons 
a n d  m edulla  ob longata  w ere  em bedded in  p a ra f f in  w ax. T he G asserian  ganglia, trig em in a l, 
facia l and  hypoglossal n e rv es  w ere rem oved  fro m  th e  heads a n d  tran sv erse  sections were 
em bedded  in p araffin  w ax . F iv e  m icron sections w ere s ta ined  w ith  heam ato x y lin  an d  eosin 
an d  also b y  G ram ’s m e th o d . Listeria  o rg an ism s w ere id en tified  in  sections using  ra b b it  
an ti-L is teria  an tise ru m  (D ifco) an d  p e ro x id ase -co n ju g a ted  g oat a n ti- ra b b it  (ICN B iom edicals 
L td .) , 1 : 800 and 1 : 100 respec tive ly . T he re a c tio n  w as developed using  3 -3 ’ d iam inoben- 
zidine as chrom agen in  th e  p resence of h y d ro g en  perox ide . B ra in -s tem  and G asserian  g a n 
glion m ate ria l from  th e  m o s t heav ily  in fec ted  sheep w as po st-fix ed  in  osm ium  te tro x id e  for
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e lec tro n  m icroscopy, before ro u tin e ly  p rocessing  a n d  em bedding in  T a a b  resin. U l tra th in  sec
tio n s  were s ta in ed  w ith  u ran y l a c e ta te  an d  lead  c itra te .

M ouse model. Six to  e igh t w eek old IC I m ice w ere an aesth e tised  using  equal vo lu m es 
o f  a  50%  so lu tion  of F e n tan y l/F lu an iso n e  (“ H y p n o rm “  Jan ssen ) an d  a 50%  so lu tion  o f M idazo
la m  (“ H yp n o v e l“  R oche), a t  a dose of 7 -10  m l pe r k ilogram  given in tra p e rito n ea lly . T h e  sk in  
a n d  su b cu tan eo u s tissu e  over th e  la te ra l  a sp ec t o f th e  left th ig h  w ere incised  an d  th e  sc ia tic  
n e rv e  exposed. U sing a 30 guage need le  10 fil o f a  suspension co n ta in in g  I (Is /.. monocytogenes 
ty p e  l /2 a  (NCTC 10887) pe r m l w as in je c te d  in to  th e  sciatic  nerve a t  a  p o in t ab o u t 1 cm  ab o v e  
th e  stifle  jo in t. A ny  b a c te ria l suspension  th a t  leak ed  a t  th e  site  o f  in o cu la tio n  w as rem o v ed  
w ith  a  sterile  sw ab. T he w ound was closed an d  a m eta l stap le  applied  to  th e  skin. The m ice w ere  
allow ed to  recover a n d  observed da ily  fo r signs o f paralysis. A t th e  o n se t o f b ila te ra l h in d leg  
p a ra ly sis  th ey  w ere an aesth e tised  an d  p e rfused  w ith  4 %  p a rafo rm ald eh y d e  v ia  an  in tra c a rd ia c  
c a th e te r . T he sp ina l cord and  sciatic  ne rv es w ere rem oved  and b locks fro m  lu m b ar sp ina l cord  
(L 2 -L 3 ) were em bed d ed  in  p a ra ffin  w ax . F iv e  m icron  sections were s ta in e d  w ith  h a em a to x y lin  
a n d  eosin an d  a d ja c e n t sections w ere labe lled  b y  th e  in d irect im m u n o p ero x id ase  m e th o d  as 
ab o v e. Sections o f sc ia tic  nerve w ere p o s t fix ed  in  osm ium  te tro x id e  a n d  ro u tin e ly  p rocessed  fo r 
e lec tro n  m icroscopy.

R esults

Light microscopy. Lesions ch a rac te ris tic  of listeric  encepha litis  w ere 
fo u n d  in  th e  CNS o f all 16 sheep  ex am ined . T hey  were m o st num erous in  th e  
b ra in -s tem , th o u g h  evidence o f in fec tio n  w as detec ted  in  cereb rum  an d  ce re 
b e llum  in  som e sheep. The focal lesions or “ m icroabscesses”  consisted  of 3 cell 
p a tte rn s . In  m o st sheep th e  m a jo rity  o f cells were m acrophages; in  som e sheep  
th e  p red o m in an t cell ty p e  w as th e  n eu tro p h il, an d  in o thers th e re  was a m ix tu re  
o f b o th  cell ty p e s  w ith  th e  n eu tro p h ils  undergo ing  degenera tion . Large areas 
o f m alacia w ere p re sen t in  som e sheep. P erivascu la r cu ffing  of m ononuclear 
cells w as also seen. I t  was n o t possible to  d e tec t b ac te ria  in  sections s ta in e d  
w ith  h aem a to x y lin  and  eosin h u t  th e y  w ere visible in  sections s ta in ed  b y  
G ram ’s m e th o d . B ac te ria  w ere p re sen t in  m icroabscesses in  those  sheep in  
w h ich  th e  p re d o m in a n t in f la m m a to ry  cell ty p e  w as th e  n eu tro p h il a n d  in  
th e se  sheep o rganism s were also p re sen t in  ad jacen t areas o f p a ren ch y m a free 
o f in fla m m a to ry  cells. A few b a c te ria  w ere detec ted  in  fib re  tra c ts  w here th e y  
wrere p resen t w ith in  in f la m m a to ry  cells associated  w ith  d egenera ting  fib res  
a n d  in  linear a rran g em en ts  in  in ta c t  nerve  fib res (Fig. 1).

In f la m m a to ry  cells w ere p re sen t in  perineu ra l and  ep ineu ra l connective  
tissu e  of th e  p ro x im al p a rts  o f c ran ia l nerves and  in  th e  G asserian  gang lia . 
In  general th e  changes w ere re s tr ic te d  to  th e  sam e side as th e  m ost severe ly  
affec ted  side o f th e  b ra in , h u t  occasionally  the c o n tra la te ra l tr ig em in a l 
ganglion  w as also affected . T he m ost severe ly  affected gang lia  were th o se  
fro m  the  tw o sheep in  w hich th e  g re a te s t n u m b er of b a c te ria  were observed  
in  th e  b ra in  an d  in  these sheep m ononuclear cell in filtra te s  wrere p re sen t in  
p e rin eu ra l an d  ep in eu ra l connective  tissue  an d  th ere  were foci of p red o m in an tly  
p o ly m o rp h o n u c lea r leucocy tes w ith in  th e  nerv e  fascicles.

U sing im in u n o cy to ch em is try  L . monocytogenes were d em o n stra ted  in  th e  
b ra in s  and  G asserian  ganglia of th e  4 sheep in  w hich b ac te ria  h ad  been id e n 
tif ie d  using G ram ’s m ethod .
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F ig. 2. M edulla (sheep). L o n g itu d in a l section  of a m y elinated  axon  show ing 3 b ac teria  loca ted  w ith in  axoplasm .
X 24 300
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F i g .  3 .  G a sse r ia n  g a n g lio n  (sh e ep ). T ra n s v e rse  s e c tio n  o f  a  m y e l in a te d  a x o n  w ith  se v e ra l b a c te r ia .  X 17 700
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T ransm ission electron microscopy. In  b ra in -s tem  m a te ria l from  th e  m o st 
heav ily  infected  sheep  b ac te ria  were located  ex trace llu la rly , singly or in  sm all 
groups, and w ere o ften  associated  w ith  th e  cy to p lasm  o f degenera ting  cells. 
T h ey  were also seen  in  m em b ran e-h o u n d  phag o cy tic  vacuoles of n eu tro p h ils . 
N one were seen in  m acrophages. The b a c te r ia  in  n eu tro p h ils  appeared  cap ab le  
o f  div id ing as ev id en ced  b y  th e  developm ent o f tran ssec tin g  cell walls. Less co m 
m on ly  the  b a c te ria  w ere d e tec ted  in  th e  ax o p lasm  of m y e lin a ted  axons (F ig . 2). 
I n  such sites th e y  a p p ea red  to  have n o rm a l m orphological fea tu res w ith  an  
in ta c t  cell w all; no flagellae  were p resen t. T here  w as no  d isrup tion  o f th e  
no rm al s tru c tu re  o f th e  axon , th e  b ac te ria  ly ing  free w ith in  axoplasm  s u r 
ro u n d ed  by  an  e lec tro n  tra n sp a re n t zone w ith  a collection  of e lectron-dense 
m a te ria l p resen t a ro u n d  th e  halo. T hey  w ere n o t p resen t in  m em b ran e-b o u n d  
vacuoles. In  sev era l a reas m ore th a n  one b a c te ria  w as p resen t in  a single 
in ta c t  axon.

In  the  G asserian  ganglion  from  th e  sam e side as th e  m ost severely affec ted  
side of the  b ra in -s te m , sim ilar changes w ere p re se n t as seen in  th e  b ra in  p a re n 
chym a. B ac te ria  w ere seen in  n eu tro p h ils  an d  w ere p re sen t w ith in  axons 
(F ig . 3).

Mouse model. Fo llow ing  anaesthesia  th e  m ice m ade an  u neven tfu l re c o v 
e ry  and  were e a tin g  an d  d rink ing  n o rm ally  b y  th e  n e x t day . B etw een 7 -1 4  
day s after in o cu la tio n  th e  m ice s ta r te d  k n u ck lin g  th e  toes of the  in o cu la ted  
leg and  w ith in  2 d ay s  com ple te  flaccid  p a ra ly sis  of th e  leg developed. The m ice 
seem ed otherw ise u n a ffec ted  and  co n tin u ed  to  e a t an d  d rin k  and  if  le ft a 
fu r th e r  1- 2 days developed  b ila te ra l h ind leg  p ara ly sis . E x am in a tio n  of lu m b a r 
sp in a l cord of th e se  m ice b y  lig h t m icroscopy show ed lesions sim ilar to  th o se  
observed  in th e  b ra in s  of sheep w ith  focal accum ula tions of in f la m m a to ry  
cells and p e riv a scu la r cuffs. L . monocytogenes were id en tified  in lesions b y  
im m u n o cy to ch em istry . B ac te ria  were m ore com m only  seen in  anim als w h ich  
developed para ly sis  w ith in  7 -8  days a fte r  inocu la tio n  th a n  in mice w hich  
developed para ly sis  a f te r  13 14 days. B ac te ria  w ere seen in  neu troph ils  a n d  
occasionally  in  ax o n s. In  th e  sciatic nerve  th e re  was ex ten siv e  loss of axons 
an d  p ro liferation  o f f ib ro u s connective tissu e ; changes w ere m ost m arked  a t  
th e  site of in o cu la tio n . In  th e  dorsal roo t ganglion  th e re  w as no s ig n ifican t 
loss of neuronal cell bodies an d  th ere  w as no in flam m atio n .

D iscussion

B acteria wore on ly  observed in  the  b ra in s  of 4 of th e  16 sheep exam ined . 
In  these anim als th e  p re d o m in a n t in f la m m a to ry  cell ty p e  was the n eu tro p h il 
A  sim ilar p a tte rn  w as seen in  the  ex p erim en ta l mice — b ac te ria  were found  
in  those anim als w h ich  developed para lysis  w ith in  7 8 days w hich show ed
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a n eu troph ilic  cellu lar in f iltra te  b u t w ere d ifficu lt or im possible to  fin d  in 
m ice w hich becam e p a ra ly sed  a t longer tim es p o st in o cu la tio n  in  w hich lesions 
w ere ch arac terized  b y  in f iltra tio n  of m acrophages. In  c lin ical cases one has 
no  know ledge o f th e  le n g th  of in cu b a tio n  period. O ur o b se rva tions from  th e  
m ouse experim en ts suggest th a t  those sheep in  w hich n eu tro p h ils  w ere the  
p red o m in an t in fla m m a to ry  cell m ay rep resen t an im als w hich developed 
clin ical signs earlier a f te r  inocu la tion  th a n  th e  an im als w hich  h ad  a p re d o m 
in a n tly  m acrophage in filtra tio n .

L . monocytogenes w as d em o n stra ted  w ith in  axons o f th e  p e rip h era l and  
ce n tra l nervous system  in  fie ld  cases o f encephalitis  in  sheep an d  in  cen tra l 
axons in  ex p erim en ta l m ice. T he axons appeared  m orphologically  n o rm al 
w hich ind ica tes th a t  th e  b a c te ria  were no t ju s t  p resen t as an  end  stage  p h e 
nom enon  in  d eg en era tin g  axons, an  observ a tio n  sim ila rly  m ade b y  o thers 
in v es tig a tin g  in tec tio n  w ith  M ycobacterium leprae in  m a n  [4]. O ur fin d in g  
show s th a t  L. monocytogenes can  be tra n sp o rte d  w ith in  axons, a fin d in g  w hich 
su p p o rts , b u t does n o t p rove  th a t  L . monocytogenes cou ld  reach  th e  b ra in  b y  
re tro g rad e  axonal tr a n s p o r t  as p o s tu la te d  b y  C harlton  an d  G arcia [3]. H ow 
ever, fu r th e r  stud ies are th erefo re  needed  to  estab lish  if  L . monocytogenes is 
tra n sp o r te d  in  th e  ax o n a l co m p artm en t of th e  trig em in a l nerve an d  if  so, b y  
vvhat m echanism  th e  organism  en ters th e  axon.
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COMPARATIVE STUDIES ON SUSCEPTIBILITY 
OF THE MOUSE (MUS MUSCULUS) AND THE 

VOLE (MICROTUS ARVALIS)  TO LISTERIA  
MONOCYTOGENES  AND ERYSIPELOTHRIX  

RHUSIOPATHIAE

F. K e m e n e s , J .  D u r s t  and  F. V e t é s i

P h yla x ia  Veterinary Biologicals Co., Budapest, Public H ealth Station,
Szolnok, and D epartm ent o f  P athology, U niversity  o f  V eterinary Sciences, Budapest, H ungary

T he su scep tib ility  o f m ice a n d  voles to  in tra p e rito n ea l an d  su b c u ta n  in jec tio n  of v iru le n t 
stra in s  has b een  te s te d  co m p a ra tiv e ly  on 261 m ice an d  120 voles. U sing  va rio u s germ -doses, 
50 pe r cen t le th a lity  has been  estab lished . Listeria monocytogenes se ro v ar l /2 a  killed m ice in  
doses of 120 000 an d  1.5 X 106 germ s w hen in jec ted  in tra p e rito n ea lly  a n d  su b cu taneously  a n d  
voles in  doses o f 1800 and  12 000 germ s, respec tive ly . T h u s voles p ro v ed  100 to  120 tim es m ore 
susceptib le th a n  m ice. E rysipelo thrix  rhusiopathiae  k illed  m ice in jec ted  b o th  in trap erito n ea lly  
or su b cu tan eo u sly  in  m in im al doses, such as 25 germ s, b u t  voles su rv iv e d  th e  in fection  w ith  
1 to  5 m illion germ s. T his in d ic a te s  th a t  voles a re  re s is ta n t to  E . rhusiopathiae, b u t  m ore su s
ceptib le to  L . monocytogenes th a n  m ice. In  c o n tra s t, b o th  these  ro d e n t  species p roved  su s
cep tib le  to  th e  ob liga te  p a th o g en ic  Francisella tularensis an d  in v a ria b ly  succum bed  to  se p ti
caem ia w hen  in je c te d  w ith  a  few  of these  b acteria .

The Swiss m ouse — as e x p e rim en ta l an im al — is genera lly  held suscep
tib le to  L isteria  monocytogenes and  to  Erysipelo thrix rhusiopathiae. On th e  
o th e r h an d  i t  is less k n o w n  th a t  for exp erim en ta l m urine  listeriosis a t least 
100 000 lis te riae  are needed  to  get 50%  m o rta lity  a fte r in tra p e rito n e a l in jec 
tio n . T herefo re, in v es tig a tio n s  were m ade b y  m any  au th o rs  to  find  a m ore 
susceptib le  an im al fo r e x p e rim e n ta l listeriosis. R ecen tly  we have  u n d e rta k e n  
a co m p ara tiv e  s tu d y  on th e  su scep tib ility  of th e  m ouse an d  th e  vole to  lis teriae  
and  swine erysipelas b a c te r ia  to  fin d  ou t differences in  th e ir  dose-dependent 
ex p erim en ta l in fections.

M aterials and m ethods

A to ta l  o f 261 w h ite  m ice w eighing 22 to  25 g an d  120 com m on voles weighing 22—38 g 
were used. T he m ice w ere p u rch ased  from  th e  S ta te  L ab o ra to ry  A n im al B reeding S tock  
(L A T I, Gödöllő, H u n g ary ), th e  voles were o b ta in ed  from  o ur Vole B reed in g  S tock (P h y lax ia , 
B udapest). T he haem o ly tic  (v iru le n t)  Listeria  monocytogenes s tra in  o f ty p e  l /2 a  was iso la ted
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f ro m  an ovine b ra in  w ith  fa ta l  listeriosis. T h e  E rysipelo thrix rhusiopathiae  s tra in  o f ty p e  la 
w a s  cu ltiv a ted  from  th e  h e a r t  b lood  of a sw ine d ied  from  acu te  e rysipelas . B o th  of th e  s tra in s  
w e re  m ain ta in ed  on b lood a g a r  p la te s  an d  in  s ta b b e d  agar. E v e ry  second  m o n th  th ese  stra in s  
w e re  passaged in  m ice in  o rd e r to  secure th e ir  v iru lences. The re iso la ted  s tra in s  in  T arozzi’s 
l iv e r  b ro th  were in cu b a te d  a t  38 °C an d  th e  20 h  g row th  was d ilu te d  w ith  1%  p ep to n e  w ater 
f ro m  1 : 10 to  1 : 1 0 x 1 0 ° . T h e re a f te r  th ese  d ilu tio n s  were in je c te d  a t  0.2—Ó.2 m l q u a n titie s  
su b cu tan eo u sly  or in tra p e r ito n e a lly  to  fo u r m ice grouped accord ing  to  d iffe ren t d ilu tions. 
T h e  m ice were observed  fo r 10 d ays, m eanw hile  th e  dead an im als w ere  d issected  an d  b a c te 
rio log ical cu ltu res w ere m ad e . T h e  50%  m o rta lity  p e r  group m eans t h a t  tw o  o u t o f 4 m ice died 
in  listeriosis or in  sw ine erysipelas.

R esu lts and discussion

The le th a lity -ra te  of mice an d  voles infected in tra p e rito n e a lly  or sub 
cu tan eo u sly  w ith  d iffe ren t doses of L. monocytogenes can  he seen in  T ables I 
a n d  I I ,  respectively . T he tab les  show  th a t  mice and  voles in fec ted  in tra p e r i
to n e a lly  were m ore suscep tib le  to  L . monocytogenes th a n  those  in fec ted  sub 
cu tan eo u sly . F u rth e rm o re , i t  is also show n th a t  voles are  100-120  tim es more 
suscep tib le  th a n  m ice.

Irrespective  of th e  tw o m odes o f exp erim en ta l in fec tio n  th e  m o rta lity - 
r a te  of bo th  ro d en t species to  E . rhusiopathiae  varied  to  a g rea t e x te n t (see

Table I

M ortality o f  mice and voles infected intraperitoneally with !.. monocytogenes

B a c te r ia l  c o u n t
in 0.2 ml M ice Voles

200 000* 3/4** 4/4
120 000 2/4 4/4

12 000 0/4 3/4
1 200 0/4 3/4

120 0/4 0/4

* The basic d ilu tion  of T arozzi’s b ro th  cu ltu re  contained cc 6 m illion  bacteria l/m l 
** D enom inator: n u m b er o f anim als in fec ted , num erator: n u m b er of anim als died of 

listeriosis
Table II

M ortality o f  mice and voles infected subcutaneously with L . monocytogenes

B ac teria l co u n t 
in  0.2 ml M ice Voles

1 500 000* 3/4** 4/4
150 000 1/4 4/4

15 000 0/4 3/4
1 500 0/4 3/4

150 0/4 0/4

* The basic d ilu tion  of b ro th  culture con ta in ed  cc 7.5 m illion bac teria /m l 
** See Table I
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Table III

M ortality o f  mice and voles infected subcutaneously or intraperitoneally with
E . rhusiopathiae

B ac teria l c o u n t 
in  0.2 m l Mice Voles

5 000 000*j 8/8** 5/8
500 000 8/8 2/8

50 000 8/8 0/8
5 000 8/8 0/8

500 8/8 0/8
50 7/8 0/8

5 5/8 0/8

* T he 20 hour’s liver b ro th  cu ltu re  con ta ined  cc 25 m illion b a c te ria /m l 
** See Table I

T able I I I ) .  The mice w ere k illed b y  a few  (3-25) erysipelas b ac te ria , w hereas 
a t  le a s t 500 000 b a c te r ia  w ere needed p a re n te ra lly  to  k ill som e of th e  voles 
In  re s is ta n t voles in fec ted  su b cu tan eo u sly  in to  th e  k n e e -jo in t region w ith  
200 000 erysipelas b a c te r ia  no chronic  a r th r itis  developed . In  c o n tra s t to  
re s is ta n t ra ts  in fec ted  in  th e  sam e w ay , severe a r th r i t is  developed in th e

F ig. 1. T w o necrotic  in f la m m a to ry  foci a re  seen a ro u n d  an  en la rg ed  b lo o d  vessel in  h e p a tic  
section  of th e  vole d ied  in  listeriosis. H aem alaun-eosin  sta in in g . X320
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F ig . 2. A som ew hat a rea c tiv e  n ecro tic  a rea  is show n in  hepatic  sec tio n  o f th e  vole died in  
lis te rio sis. H aem alaun-eosin  sta in ing . X670

v ic in ity  of the  in fec ted  site . Mice in fec ted  in tra a r tic u la rly  w ith  E . rhusiopathiae 
succum bed  4 -6  day s in  fa ta l sep ticaem ia.

Pathological an d  h istopatho log ica l lesions of voles d ied  in listeriosis 
w ere  in vestiga ted  in  28 cases. E n la rged  an d  degenera ted  p a ren ch y m a l organs 
w ere found in  th e  cad av ers  of them . Sm aller or g rea te r nec ro tic  in flam m ato ry  
foci were p resen t in  th e  h ep a tic  tissue ch ie fly  around  th e  b lood  vessel (Fig. 1). 
I n  o th e r  hepatic  sec tions la rg e r necrotic  areas w ith  a few ce ll- in filtra tio n  only  
w ere show n (Fig. 2).

F rom  these c o m p a ra tiv e  in v estig a tio n s i t  is clear t h a t  th e  vole is m ore 
suscep tib le  to  L. monocytogenes th a n  th e  m ouse. On th e  o th e r  h a n d  th e  m ouse 
is m ore susceptib le to  E . rhusiopathiae  th a n  th e  re s is ta n t vo le. In  co n tra s t 
to  th is , bo th  of these  ro d e n t species p roved  m ore suscep tib le  to  the  obligate 
pa th o g en ic  F. tu larensis  and  in v ariab ly  succum bed to  sep ticaem ia  w hen 
in je c te d  p a ren te ra lly  w ith  a few of th is  bac te ria l-spec ies. C onsequen tly , th e  
sy s tem atica lly  re la te d , close to  each o th e r enlisted  L. monocytogenes and  
E . rhusiopathiae d iffer considerab ly  in patho g en ic ity , a n d  accord ingly  th is  
bio logical p ro p e rty  can  be em ployed  only  as a lim ited  m a rk e r in  th e ir  b ac te ria l 
c lassification .
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RESEARCH ON LISTERIOSIS IN MILK COWS 
WITH INTRAMAMMARY INOCULATION OF 

LISTERIA MONOCYTOGENES

J . B r y n e r , I. W e s l e y  and  M .  v a n  d e r  M a a t e n  

U S D A -A R S , N ational A n im a l Disease Center, A m es, Iow a , U S A

T he purpose  of o u r  w o rk  was to  p roduce 600 litre  q u a n titie s  o f m ilk  con tain ing  (per m l) 
5000 v iab le  Listeria monocytogenes, for certifica tio n  of s ta n d a rd  p a s teu riza tio n  tech n iq u e . 
P re lim in ary  research  in d ic a te s  deep (10 cm ) in o cu la tio n  v ia  te a t  can a l w ith  3 in jections, (103, 
105, 107) p e r 10-day in te rv a l, was b e tte r  th a n  in tra o cu la r  or pe r os ro u te  fo r estab lish ing  chronic  
L . monocytogenes m as titis . A lthough  m ilk y ield  d im inished 2 5% , ch ron ic  L. monocytogenes 
shedding persis ted  fo r 8 m o n th s . Sheeding in  in d iv id u a l cows v a ried  fro m  103 to  105 lis te riae /m l. 
D ex am eth aso n e  in jec tio n s increased  L . monocytogenes shedding  in  m ilk  ca. 1000-fold. T hree  of 
30 cows w ere p reg n an t d u rin g  th e  ex p erim en t and  p roduced  no rm al calves, in d ica tin g  t h a t  
in tra m a m m a ry  L . monocytogenes in fection  w as localized and  did n o t  m ig ra te  to  th e  p re g n a n t 
u te ru s . F o u r  of 30 cows developed  CNS sy m p to m s of listeriosis, a n d  one died. F rom  11 cows, 
L . monocytogenes was iso la te d  a t  necropsy, from  m am m ary  tissues (9/11), su p ram am m ary  ly m p h  
nodes (9 /1 1 ), liver (6/11), spleen (5/11), an d  b ra in  (6/11) b y  cold e n rich m en t cu ltu re. Serum  
a n tib o d y  titre s  of in fec te d  cows increased  from  1 : 160 to  1 : 1 0  280 in  m o st cows. L arge  
scale p a s teu riza tio n  tr ia ls  led  to  th e  conclusion th a t  th e  p re sen t p a s te u riz a tio n  guidelines o f 
th e  F D A  are  ad eq u a te  to  in a c tiv a te  lis te riae  in  w hole m ilk.

Listeria  monocytogenes is a fa c u lta tiv e  in trace llu la r, G ram -positive ro d  
w hich produces b ac te riaem ia , neurologic d is tu rb an ces, ab o rtio n , and  d ea th  
in an im als and  h u m an s. As a free-liv ing b ac te riu m  it  su rv ives an d  grows in  
v eg e ta tio n , da iry  a n d  m eat p roduc ts, w aste m ateria ls , an d  in  w a te r w ith  
m in im al n u tr ie n ts . G row th  occurs a t  te m p era tu res  n ea r freezing  up to  43 °C, 
rep lica tin g  rap id ly  in  refrigerated  m ilk  to  108 cells/m l, su rv iv in g  for m o n ths 
in  cold w ith o u t a p p a re n t spoilage. L . monocytogenes estab lishes in a p p a re n t, 
chronic, in tra m a m m a ry  infection  in  la c ta tin g  cows, going u n d e tec ted  fo r 
m onths, w ith  a p o te n tia l to  co n tam in a te  large b a tch es o f m ilk  in  dairy  p ro 
cessing p lan ts . R ecen t Public H ea lth  concerns [1, 2] th a t  L . monocytogenes 
m igh t su rv ive  h ea t p as teu riza tio n  p ro m p ted  US Food an d  D rug  A d m in is tra 
tio n  (FD A ) to  ree v a lu a te  m ilk p as teu riza tio n  s ta n d a rd s  (71.7 °C; 15 s). To th is  
end, F D A  and  U SD A  cooperated  to  e s tab lish  an  L . monocytogenes-in fec ted  
herd  of cows to  su p p ly  b u lk  q u an titie s  (600 litres) of m ilk  w ith  ca. 103 L. mono- 
cytogeneslml. N a tio n a l A nim al D isease C enter (NADC) scien tists  a t A m es, 
Iow a in fec ted  34 la c ta tin g  cows, collected  m ilk, and  sen t 13 sh ipm ents (7500 
litres) o f cold (5 °C) m ilk  v ia a irp lane  to  C incinnati (1500 km ) for pasteu riza-

J o h n  B r y n e r , I .  W e s l e y , M . v a n  d e r  Ma a ten  
N a tio n a l A n im a l D isease C en te r
P .O . B o x  70 , D a y to n  R o a d  2 3 0 0 , A m es, Io w a , 50010 U SA
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tio n  tria ls. This p a p e r  rep o rts  m e th o d s used  to  estab lish  ch ron ic  in tra m a m m a ry  
L . monocytogenes-infection  in  cows, c u ltu ra l en u m era tio n  of L . monocytogenes 
in  m ilk, and  th e  im m u n e  response in  c a ttle .

M aterials and m ethods

Bacteria. L . monocytogenes, s tra in  S c o tt  A , se ro type  4b was used  as th e  in fec ting  b a c te 
r iu m . C ultures w ere m a in ta in ed  on blood a g a r p la te s  (5%  bovine blood in  B ra in  H e a r t  In fusion  
A g a r) a t  20 °C to  30 °C, su b cu ltu red  tw ice , w eek ly , and  in cu b a ted  m icroaerophilically .

Cows. T h ir ty  fo u r H o lste in  cows 3 to  7 y e a rs  o f age, in early  la c ta tio n  were d iv ided  in to  4 
g ro u p s. G roups I, I I ,  I I I  (27 cows) w ere in je c te d  w ith  106 to 10" c.f.u . o f L . monocytogenes deep 
(10 cm ) in to  m am m ary  t e a t  canal, re p ea te d ly  3 to  9 tim es, a t  7 to  14 d ay . G roup IV (7 cows) 
w ere  in jec ted  tw ice w ith  102 and  tw ice w ith  103 c.f.u . weekly.

Cultural isolation. M orning m ilk co llections were cu ltu red  (100 /Л) to  blood ag ar p la te s  
(M cB rides, 1 p la te ; B H IA  2 p lates), in c u b a te d  a t  30 °C or am b ien t (20 °C). D uring  th e  early  
p h ases of th is s tu d y , 10 m l sam ples o f m ilk  w ere cold-enriched in  try p tic a s e  soy -yeast e x tra c t 
T S Y E ) b ro th  (100 m l) a t  5 °C for up  to  3 m o n th s , and  p la ted  tw ice m o n th ly . One pe r m o n th  
m ilk  sam ples were tre a te d  w ith  u ltra so u n d  to  re lease  in trace llu la r a n d  c lum ped  L . monocyto
genes. A fter 2 days in cu b a tio n  L . monocytogenes colonies were e n u m era ted  b y  10 X m icroscope, 
a n d  reflected  ligh t. P h ase  c o n tra s t m icroscopic  ex am in atio n  show ed m otile , tu m b lin g  rods 
ty p ic a l of L. monocytogenes; haem olysis on 5 %  blood agar, serology, a n d  biochem ical te s t  
re ac tio n s  confirm ed L . monocytogenes.

Serology. P re - a n d  post-in o cu la tio n  se ru m  sam ples from  all cows w ere te s te d  fo r L. 
monocytogenes ag g lu tin in s w ith  tu b e  an d  m ic ro tite r  m ethods. Serum  sam ples were o b ta in ed  
fro m  55 hum ans to  su rv e y  for n a tu ra lly  o ccu rrin g  anti-L . monocytogenes t ite r .

Dexamethasone. T o increase L . monocytogenes shedding in m ilk  5 cows w ere in jec ted  
d a ily , 3 days, w ith  d ex am eth aso n e . T he e ffec ts  on  m ilk yield, L . monocytogenes n u m bers , and  
leu k o cy te  coun t in  b lood  and m ilk w ere e v a lu a te d  [3].

R esu lts and  d iscussion

Because se ro ty p e  4b L . monocytogenes was the  m ost com m only  iso la ted  
ty p e  in  o u tb reak s o f h u m an  listeriosis, we te s ted  serum  from  4 herds of ca ttle  
(n =  82) for n a tu ra lly  occurring  4b -ag g lu tin in s . R esu lts (T able I) show  th a t  
7 0 %  of ca ttle  h a d  titre s  to  L . monocytogenes (1 : 20 to  1 : 1280). H ow ever, 
th e re  was no d e te c ta b le  co rre la tion  be tw een  an ti-lis te ria  t i t r e  an d  su scep ti
b i l i ty  to  in fection  follow ing in jec tio n  o f  th e  sam e L. monocytogenes sero type . 
In  a sim ilar su rv ey , we te s ted  se ru m  from  55 persons w ho w orked  a t  the

Table I

Serum  titres to L . monocytogenes serotype 4b

T itre

N egative to  1 : 20 
J : 40 to 1 : 80
1 : 160 to 1 : 640
1 : 1280

H u m an
B ovine  se ru m  serum

35 55
31 0
15 0

1 0
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Table II

Schedule o f  in tram am m ary injections o f  L . monocytogenes

Cows D a te s In jec tio n s D ose in je c te d

3 M arch —April 8
О©©©

15 M ay — A ugust 7 1 0 2, 1 0 4, 1 0 G,  1 0 9

9 S ep tem ber — D ecem ber 5 1 0 7. 1 0 s

6 D ecem b er—Ja n u a ry 4

©©©

N A D C  to  determ ine  prev ious experience w ith  L . monocytogenes sero type 4b. 
A m ong ind iv iduals te s te d  were an im al ca re takers, v e te rin a rian s , m icrobiolo
gists, and  office p erso n n e l; 2/55 h a d  titre s  (1 : 20). T ab le  I I  shows in jec tion  
schedule  for ex p erim en ta l cows. A lthough  th e  dose v a rie d  from  102 to  10IJ 
and  th e  num ber o f in jec tio n s v a ried  (2 to  8), th e re  w as no ap p a ren t co rre 
la tio n  betw een ch ron ic  shedding  o f L . monocytogenes in  m ilk  vs serum  a n t i 
b o d y  titre .

T able I I I  gives L . monocytogenes shedding  of 3 cows used  to  determ ine 
o p tim u m  m ethods fo r in fecting  an d  assaying p a ram e te rs  o f th e  experim en t. 
A lth o u g h  these are  ty p ic a l of th e  cows (n =  34) a few cows resisted  in fection  
and  ra re ly  shed m ore th a n  10 L . monocytogenes/ml o f m ilk , w hereas, m ost 
cows were chronic shedders of 500 to  50 000 L . monocytogenes/m l. D aily  
c u ltu re  yielded h ig h ly  v ariab le  L . monocytogenes p la te  co u n ts  in  in d iv id u a l 
cow s; m ilk pooled in  h u lk  re frig era tio n  ta n k  co n ta in ed  З х Ю 3 L . monocyto
genes/ m l. Cows th a t  developed  chronic  in tra m a m m a ry  in fec tio n  have rem ained  
in fec ted  th ro u g h o u t th e ir  la c ta tio n  period (9 to  12 m o n th s), and  th ree  th a t  
p ro d u ced  norm al calves re ta in ed  in fection  in to  th e ir  n e x t lac ta tio n . D ex a
m éth aso n e  a d m in is tra tio n  caused a rise in body  te m p e ra tu re , increase in  blood 
leu k o cy tes  and m ilk  som atic  p hagocy tes, decline in  eosinophils, 25%  loss of 
m ilk  y ield , and  a tra n s ie n t, 1000-fold increase in  L . monocytogenes shedding  
in  m ilk . Several in fec ted  cows developed p n eum on ia , CNS sym ptom s, e tc ., 
possib ly  due to  u n d e rly in g  stress o f listeriosis, and  one d ied. System ic a n ti
b io tic  th e rap y  w as used  to  t r e a t  lam eness, non-specific m astitis , fevers, and

Table III

L . monocytogenes colonies/ml cultured from  infected m ilk

W eek Cow 1033 Cow 1177 Cow C hancy

l 0 0 0
4 to o 200 990
6 1270 1440 2000
9 1290 1580 5310
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Table IV

L . monocytogenes isolated at necropsy by cold enrichment

Cow M a m m a ry  L y m p h  node L iver Spleen B ra in Blood

1 + + _ + + —

2 + + + + — —
3 + — + + + —
4 + + + — + —
5 — — — — + —
6 + + — — — —
7 + + — — + —
8 + + + + — —
9 + + + + — —

10 — + + — + —
11 + + — — — —

Total 9 9 6 5 6 0

o th e r  conditions. C u ltu re  of e leven in fec ted  cows a t n ecropsy  y ie lded  L . mono
cytogenes isolations from  m am m a ry  g lands, su p ra m a m m a ry  ly m p h  nodes, 
liv e r , spleen, an d  h ra in  (Tahié IV). A lthough  L. monocytogenes hac te riaem ia  
occurs in  infected  h u m an s, L . monocytogenes was n o t iso la ted  from  hlood of 
in fe c te d  cows h y  d ire c t p la tin g  nor h y  cold en richm en t.

Conclusions

Chronic m a s titis  can  he induced  experim en ta lly  w ith  in tram am m ary  
in je c tio n  of L . monocytogenes. S u scep tib ility  to  L . monocytogenes-m astitis  
ap p e a rs  to  be u n re la te d  to  serum  a n tib o d y  titre  to  th e  o rgan ism . In tra m a m 
m a ry  inoculation  of L . monocytogenes an d  infection  of m am m a ry  gland does 
n o t  re su lt in  d e te c ta b le  h ac te riaem ia  in  cows. The average  shedd ing  ra te  in 
cotvs w ith  chronic L . monocytogenes-m a stitis  is ap p ro x im a te ly  3 X 103 L . mono
cytogenes! m l of m ilk . Once chron ic  L . monocytogenes-m a s titis  is estab lished , 
th e  cow m ay rem a in  in fec ted  for life an d  sliedL . monocytogenes in  m ilk  indef
in ite ly , or u n til t re a te d . D a ta  derived  from  p asteu riza tio n  tr ia ls  led to  the  
conclusion  th a t  th e  p re se n t p a s te u riz a tio n  guidelines of th e  F D A  are ad eq u a te  
to  in a c tiv a te  L . monocytogenes in  w hole m ilk.
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2. EPIDEM IOLOGY A N D  T H E R A P Y

OVERVIEW OF LISTERIOSIS IN COUNTRIES OF 
THE MEDITERRANEAN ZOONOSES CONTROL 

PROGRAMME
(A R E V IE W )

G. P a p a d o p o u l o s  E . S i m o s

M editerranean Zoonoses Control Centre, A th en s , Greece

L isteriosis is a b ac te ria l zoonosis affecting  dom estic and  w ild an im als 
as well as m an . I ts  geograph ica l d is tr ib u tio n  is described  as u b iq u ito u s b u t  th e  
disease is m ore com m on in  te m p e ra te  c lim ates th a n  in  th e  trop ics or su b 
tro p ic s  [1].

T hough  an  unco m m o n  cause o f h u m an  disease, th e  case f a ta li ty  ra te  is 
h igh ; ap p ro x im a te ly  one th ird  of cases have re su lted  in  d ea th s  or s tillb irth s , 
a fa c t th a t  has caused  concern  am ong  h ea lth  professionals, governm en ts, food 
in d u s tr ie s  and  th e  pub lic .

L isteriosis is recognized  an d  s tu d ied  m ostly  in  in d u stria lized  coun tries 
w hile in  developing coun tries o f A frica, Asia, S outh  A m erica an d  in  those  of th e  
M ed ite rran ean  a rea , rep o rted  p revalence  is non  e x is te n t or low. This m ay  be 
due to  th e  lack  of a d e q u a te  su rveillance  system .

O f all Listeria  species, on ly  Listeria  monocytogenes has been  reg u la rly  
im p lica ted  as be ing  path o g en ic  to  m an  and  an im als. F o r m an y  years a fte r  
th e  f irs t  iso lation  of L . monocytogenes, in  th e  n ea rly  tw en tie s , all fu r th e r  iso lates 
cam e from  anim als suffering  from  or hav in g  h ad  co n tac ts  w ith  th e  disease. 
I t  has been  iso la ted  m ost o ften  from  sheep, c a ttle  an d  m an and  occassionally  
from  w ild  an im als, b ird s , rep tiles, fish , tu rtle s , snails e tc ., b u t now  is considered 
m ore as an  e n v iro n m en ta l c o n ta m in a n t [2, 3].

The disease in  m an and anim als. Cases of listeriosis in  m an  are  rep o rted  
in freq u en tly , a lth o u g h  th e y  h av e  been  described in  all p a r ts  of th e  w orld . 
B ecause of its  d ip h th e ro id  ap p earan ce , variab le  s ta in in g  p roperties an d  b e ta - 
haem olysis, L . monocytogenes m ay  be confused w ith  som e o th e r b ac te ria . The 
m ost im p o r ta n t clin ical m an ifesta tio n s are: m en ing itis or m eningo-encephali- 
tis , sep ticaem ia , in tra -u te r in e  in fections o f the  foetus, and  new born  infections.

Ge o r g e  P a pa d o po u l o s , E v a n g e l o s  S im os 
M e d ite rra n ea n  Zoonoses C o n tro l C en tre  
P .O . B o x  3904, 10210 A th e n s , G reece
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A lm ost all m am m als and  birds are  susceptib le to  th e  disease. Am ong 
d om estic  anim als sheep and  ca ttle  are m ost often  affected  follow ed b y  goat, 
jxig a n d  fowl. The m ost com m on clin ical m an ifesta tio n s of an im al listeriosis 
are  encephalitis , sep ticaem ia  an d  ab o rtio n . In  th e  cow th e  p red o m in an t form

Table I

Situation  o f  listeriosis in  countries o f  the M editerranean zoonoses control programme

Country 1984 1985 1986

A fg h an istan ( + ) _L_ ( + )
B u lg aria + V ( )  PnTV O v+ C aV *
C yprus — - O v (+ )T
D em o cra tic  Yem en
E g y p t - Q f —  0 0 0 0

F . R . G. B o v (+ )O v (+ ) B ovO vJ- )(T BovO v-|-
F ra n c e +  • • +
Greece -f- tev 0  vCap +  )(tvV O v C a p |) ( lv V
Ita ly
Jo rd a n

( + ) —

L eb an o n — — —
L ib y a - —
P o rtu g a l 
S au d i A rab ia

+ + +

Som alia — — —
Spain B o v + (  ) B o v + Bov-f-
S u d an
S yria — — —
T u n is ia 9 9 —

T u rk ey —
Y em en Ov

1981

Code
A nim al group

B ov bovine (including buffalo)
Cap caprine
Ov ovine

D isease occurrence

0000 N ever recorded
— N o t recorded
y e a r Y ear of las t occurrence
9 Suspected b u t  n o t  confirm ed
( + ) E xceptional occurrence
+ Low sporadic occurrence

Disease exists; d is trib u tio n  and 
occurrence en tire ly  unknow n

( ) Confined to  certa in  regions
( ) U biquitous

No inform ation  available

D isease control

P a  Control program m e for only some
areas of th e  cou n try  or certa in  types 
of breeding

P n  Control program m e fo r th e  whole 
coun try

Q f Q uaran tine  and  o th er p recautions 
a t  fron tie r 

T  T rea tm en t
te  T esting
tv  V o lu n tary  tes tin g
V V accination
* N otifiable disease
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is ab o rtio n  w hile in  sheep encep h a litis  an d  a b o rtio n  is also frequen t. L is te 
riosis in  farm  an im als is classified as follows [4]: (a) In fe c tio n  of the  p re g n a n t 
u te ru s  w ith  su b seq u en t abortion , s tillb irth  or n eo n a ta l; d ea th  (b) v isceral 
or septicaem ic in fections; (c) encephalitis  of ru m in a n ts ; (d) infectious bov ine  
k e ra titis ; (e) bovine m astitis ; (f) m ixed infections.

E pidem iology— transm ission. The epidem iology o f L . monocytogenes is an  
enigm a. This b ac te riu m  is perh ap s best considered, a lth o u g h  no t exclusively , 
as an en v iro n m en ta l c o n ta m in a n t whose p rim ary  m ean s of transm ission  to  
hum ans is th ro u g h  foodstu ffs co n tam in a ted  during  p ro d u c tio n  and processing. 
H um an  listeriosis is m ore p rev a len t in  th e  su m m er a n d  early  fall, and  th e  
disease has been observed  m ost freq u en tly  in  te m p e ra te  zones. In  the  an im als, 
m ovem ent of rep lacem en t ca ttle  or sheep in to  a feed lo t has often resu lted  
in ou tb reaks. M astitis  in  cows often  resu lts in  c o n ta m in a tio n  of the  m ilk  th a t  
m ay h a rb o u r large n u m b ers  of th e  organism . The m odes of transm ission  are 
n o t well un d ersto o d  a lth o u g h  th ere  is evidence for d ire c t and  ind irect t r a n s 
mission.

The lack  of e lu c ida tion  in th e  m ode of sp read  m ain ly  due to  th e  fa c t 
th a t  (a) listeriosis is a disease of low  incidence; (b) th e re  is no surveillance 
and  d a ta  collection system  in m ost coun tries; (c) th e re  is no sa tis fac to ry  
ty p in g  system  for iso lates, an d  (d) L . monocytogenes is com m on in th e  en v iro n 
m en t an d  is fre q u e n tly  carried  in  th e  gu t w ith o u t causing  disease.

The presence o f  L . monocytogenes in foods. O f all foods cheeses have been  
found to  be fre q u e n tly  co n tam in a ted  w ith  lis teriae  an d  associated  w ith  h u m a n  
disease. V aria tio n  in  m an u fac tu rin g  p rac tices resu lts  in  o p p o rtu n itie s  for p o s t
process c o n tam in a tio n . In  raw  read y  to  e a t m ea t p ro d u c ts  up to  30%  have 
been rep o rted  to  c o n ta in  L . monocytogenes. In  sausages, post-processing m a n i
p u la tion  appears to  be responsible for co n tam in a tio n . Cooked fish and  o th e r 
seafoods as w ell as sa lad  vegetab les m ay also be c o n ta m in a te d  w ith  L . m ono
cytogenes.

Listeriosis in  countries o f  the M Z C P . T ab le  I  show s the  s itu a tio n  of 
listeriosis in  coun tries of th e  M ed ite rranean  Zoonoses Control P rog ram m e 
(W H O /F A O /O IE  A nim al H ea lth  Y earbook). I t  is q u ite  clear from  th is  ta b le  
th a t  in  m ost o f th e  N o rth e rn  Africa an d  th e  A rab  P e n in su la  countries w h ich  
p a rtic ip a te  in  th e  M ZCP th e re  are no availab le  d a ta . I n  o th e r coun tries like 
B ulgaria , C yprus, F ran ce  and  P o rtu g a l th e re  are  av a ilab le  d a ta  and  som e 
contro l m easures are  ta k e n . F inally , in  coun tries w here  d a ta  on h u m a n  or 
an im al listeriosis are  collected  th e re  is clear ev idence o f increased rep o rted  
cases in  recen t years. T he disease becam e n o tifiab le  la te ly  in  F. R . G. an d  
according to  our in fo rm atio n , in  som e o th e r coun tries (e.g. Greece).

Prevention and control. P rev en tio n  of listeriosis is a n  ex trem ely  d ifficu lt 
ta sk . T here are no vaccines killed, or liv ing  a t te n u a te d  of proven  value. L ack  
of epidem iologic in fo rm a tio n  ham pers p rev en tio n  a n d  con tro l. W hat is n eeded
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is a system atic  collection  of ep idem io log ica l d a ta , and d ev e lo p m en t of ad eq u a te  
m on ito ring  system s. Public  ed u ca tio n  a n d  aw areness of p ro fessional an d  risk  
groups are also im p o rta n t.

P rev en tiv e  m easures shou ld  be d irec ted  tow ards a n im a l h u sb an d ry , 
food p ro d u c tio n , food processing, an d  good m an u fac tu rin g  p rac tices  in  con
nection  w ith  im p lem en ta tio n  o f th e  p rin c ip les  of hazard  an a ly s is  o f con tro l 
c ritica l po in ts . G eneral and  specific recom m endations to  p u b lic  h e a lth  a u th o 
ritie s  on how to  ensure  safeguard ing  th e  consum er as well as reco m m en d a tio n s 
to  th e  food in d u s try  are g iven in  d e ta il in  th e  rep o rt of th e  W H O  In fo rm al 
W ork ing  G roup 1988 on foodborne lis te rio sis  [5].

In ternational cooperation and the role o f  the M Z C C /M Z C P . In te rn a tio n a l 
cooperation  an d  in te rsec to ra l co llab o ra tio n  is fu n d am en ta l fo r th e  im p ro v e 
m e n t of su rveillance, p rev en tio n  an d  co n tro l of listeriosis. T h e  MZCC/MZCP 
could  fac ilita te  th is  cooperation  b y  c o o rd in a tin g  collection a n d  d issem ination  
from  and  to  th e  region of ava ilab le  in fo rm a tio n  in  co llab o ra tio n  w ith  o th e r 
in te rn a tio n a l o rgan iza tions, like O IE  an d  W H O  C ollaborating  C entres w hich 
are  w illing to  p a rtic ip a te  to  th is  effo rt.
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LISTERIOSIS OF ANIMALS: PROBLEMS AND
RESEARCH

I. A. B a k u l o v

A ll-U n ion  Research Institu te  o f  Veterinary Virology and M icrobiology, Pokrov, U S S R

In  a pig fa rm  v iru le n t Listeria  were fo und  in  25%  of an im al tissu es and  en v iro n m en ta l 
ob ject and  7%  in h u m an  tonsil sam ples from  p a tie n ts  w ith  tonsillitis. The isolates were c h arac 
terized  by  serological an d  phage-typing. P u rified  cy top lasm  and cell wall fractions a n d  su b 
fractions p ro tec ted  lab o ra to ry  anim als in 40—58% .

In  th e  U SSR  listeriosis o f anim als h a s  been  recorded  in  all k inds of fa rm  
and  dom estic an im als an d  also in  wild an im als  in  d iffe ren t regions o f th e  
co u n try . The in te n s ity  of m an ifesting  of th e  epizootic process according y e a rs , 
areas an d  kinds o f an im als varied . In  1977-1987 c a ttle  w ere freq u en tly  a ffec ted  
in  K azak h stan , sheep in  th e  U kraine a n d  swine in  th e  R S F S R . In  genera l, 
co u n try  sheep w ere th e  m ost affected. T he years  1962 —1966, 1970-1972, 1974, 
1979 w ere th e  m ost unfavourab le . In  1982-1985 th e  occurrence decreased . 
The prevalence of th e  disease as an  av erag e  w as in  c a ttle  0.03, sheep 1.33, 
swine 1.13. The le th a lity  decreased. P ro b a b ly  th is  red u c tio n  is associated w ith  
th e  increasing  effectiveness of m edical p rev en tiv e  m easures. The disease 
occurred  again  as sporad ic  cases and  w as ch a rac te rized  b y  seasonal p re 
valence in  sheep.

M aterials and m ethods

W e have developed m ethods and m eans used  for serological investiga tions o f listeriosis:
— a d iagnostic  se t for ag g lu tin a tio n  te s t  (A T) to  d e tec t lis te ric  ag g lu tin a tin g  m ac ro 

globulin  (19 S) an d  m icrog lobulin  (7 S) an tibody . A T is u sed  fo r d iagnosis o f listeriosis to g e th e r 
w ith  o th e r assays a n d  also fo r d e tec tio n  in in ap p a re n tly  ill an d  su rv iv ed  an im als;

— dry  cy top lasm ic  an tig en  fo r CFT:
— a d iagnostic  se t fo r a passive  h a em ag g lu tin a tio n  te s t  (P H T ) fo r v e te rin a ry  a n d  

m edical labo ra to ries.

R esu lts and d iscu ssion

T o gether w ith  m edical specialists we exam ined  an im als  and  h u m an s 
for listeriosis in  a b ig  pig com plex and  also d e te rm in ed  th e  co n tam in a tio n  o f

I .  A . B a k u l o v
A ll-U nion  R esearch  In s t i tu te  o f  V e te rin a ry  V iro logy  an d  M icrobiology 
V lad im irsk a ja  o b las t. P o k ro v  601120, U S S R
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th e  surround ings. V iru len t s tra in s of L isteria  were found in  25%  of an im al 
tissu es  and  e n v iro n m en ta l objects an d  7 %  in hum an  to nsil sam ples from  
p a tie n ts  w ith  ch ron ic  tonsillitis . L isteriae  w ere also found  in  22 %  of w om en 
h a v in g  d ifferent u ro g e n ita l and  o b ste tr ic  sym ptom s. In  58 .4%  of p o sitive  
cases serogroup I lis tc riae  were found , serogroup  II  occu rred  in  30.9%  a n d  
b o th  groups were show n in 10.7% .

Serological s tu d ies  confirm ed a w ide d is trib u tio n  of Listeria  in  h u m an s 
a n d  an im als in  th e  a re a  of th e  pig com plex . The average t i t r e  for personnel 
o f  th is  com plex w as 15.6 tim es h igher th a n  in  persons o f a con tro l g roup  
(in d u str ia l w orkers), a n d  2.1 tim es h ig h er th a n  in people liv ing  n ea r th is  fa rm , 
h u t n o t w orking th e re .

Based on usu a l m e th o d s  we s tu d ie d  420 stra in s of L isteria , iso la ted  in 
th e  U SSR  from  v a rio u s  sources (m an, 21; c a ttle , 28; sheep an d  goats, 201; 
p igs, 45; fowl, 10, e n v iro n m e n t, 24). As a reference we used  th e  s tra in  k in d ly  
p ro v id ed  by H. Seeliger, D. Jones and  I . Iv a n o v . All te s ted  s tra in s  had  ty p ic a l 
m orphology , grew w ell on usual m edia, fo rm ed  typ ica l colonies on solid m edia  
a n d  produced tu rb id i ty  of a m ea t-p ep to n e  b ro th , Serogroup I w as rep resen ted  
b y  363 stra in s, se ro g ro u p  I I  b y  57 s tra in s .

D iagnostic L isteria  bac te riophages L  2 A and  L 4 A w ere iso la ted  to  
id e n tify  th e  iso la ted  s tra in s  and  estab lish  th e ir  serogroup affilia tion . B a c te r io 
p hages are also u sed  fo r bacte rio p h ag e  t i t r e  grow th te s t  w hich  p rom otes to  
d e te rm in e  the  presence  o f Listeria  in  th e  exam ined patho log ica l m a te ria l 
w ith o u t iso lation  o f a p u re  cu ltu re  o f th e  agen t. W ith  th e  help of 7 ty p es  of 
L isteria  phages th e  te s te d  Listeria  s tra in s  w ere d iv ided  in to  9 phage ty p es .

Using D N A -D N A  h y b rid iza tio n  we estab lished  th e  re la tio n sh ip  of 
L isteria  monocytogenes s tra in s  and  th e ir  d istin c tio n  from  Listeria  grayi a n d  
L isteria  m urrayi s tra in s . T he hom ology leve l betw een th e  tw o  la t te r  (88—100% ) 
suggests th e ir  be lo n g in g  to  th e  sam e species.

Listeria den itrificans  h ad  an  av e rag e  hom ology level of 7% , an d  th e re 
fore  it  was excluded  from  th e  genus Listeria .

In v estig a tio n  o f energetic  m etab o lism  of Listeria  cells show ed th a t  th e y  
h a d  a defin ite  a b ility  to  sp lit glucose v ia  th e  hexosem onophosphate  p a th w a y  
u n d e r  conditions o f an  alm ost to ta l absence  of g lycolytic sp littin g . T here  w ere 
also found cy toch rom es “ a ”  and  “ b ” in  wdiole cells of low v iru len t an d  v iru le n t 
s tra in s  in  d iffe ren t q u a n tita tiv e  ra tio  in  these  groups of s tra in s .

A w ork w as p erfo rm ed  to  d e te rm in e  th e  role of L -form s in  th e  p a th o 
genesis of th e  d isease. T he v iru lence o f  ex p erim en ta lly  in d u ced  L -form s w as 
p roved . R ad io ac tiv e  iso tope-labeled  L isteria  p red o m in an tly  accu m u la ted  in  
th e  b ra in  and  also in  th e  liver and  sp leen .

“ M ethodical reco m m en d atio n s in  diagnostics of listeriosis o f an im als  
a n d  m an ” and  “ In s tru c tio n  in  p ro p h y lax is  and  con tro l o f an im al lis te rio s is” 
h av e  been developed.
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F or developing  a vaccine against listeriosis we d is in teg ra ted  lis te riae  
an d  p rep ared  p u rified  cy top lasm  and  cell w all frac tio n s , subfrac tions of 
m em brane ribosom es an d  glycoproteins. T hese p re p a ra tio n s  p ro tec ted  la b o 
ra to ry  anim als in  4 0 -5 8 %  of cases, th o u g h  th e  cell w all frac tio n  appeared  less 
im m unogenic . T he a d d itio n  of ad ju v an ts  fa iled  to  increase th e  im m unogen ic ity  
of these p rep a ra tio n s . In  experim ents w ith  fa rm  an im als (sheep), n eg a tiv e  
resu lts  and  even a sensib ilizing  effect o f  th e  above m en tio n ed  p rep ara tio n s  
w ere observed.
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LISTERIOSIS IN AUSTRIA -  REPORT OF AN 
OUTRREAK IN 1986

F. A l l e r b e r g e r  and J .  P . G u g g e n b i c h l e r  

Federal Public Health Laboratory Innsbruck, A u str ia

In  1986 Listeria monocytogenes was iso la te d  from  various specim ens of 28 p a tie n ts  in  
A u s tr ia : 24 w ere new born  in fa n ts , 4 p a tien ts  w e re  ad u lts  (25-73 y ears). All fo u r a d u lt  p a tie n ts  
an d  five  o f 20 m o th ers  h a d  consum ed u n p a s teu rize d  m ilk. N ine of 20 m o th ers  an d  tw o of fo u r 
a d u lt p a tie n ts  h a d  received  vegetab les from  b io log ic  ag ricu ltu re . T h e  consum ption  of raw  m ilk  
a n d  b io log ically  grown v eg etab les  as possible so u rce  of in fec tion  c an n o t be  dism issed. T he 
fa ta li ty  r a te  (5 of 28) teas rem ark ab ly  low; in  o u r  experience th e re  w as no d ifference in  th e  
th e ra p e u tic  outcom e b e tw een  th e  use of a c o m b in a tio n  of am pic illin  o r pen ic illin  w ith  an  
am inoglycoside  or of am plicillin  alone; all w e re  effective.

In  th e  la s t years an  increasing n u m b e r  o f p a tie n ts  w ith  lis te ria  in fections 
has heen  rep o rted  [1—3]. T here is still som e co n troversy  reg ard in g  epidem iology 
an d  t r e a tm e n t of th is  serious disorder. W e are  rep o rtin g  an  epidem ic o u tb reak  
of L isteria  monocytogenes infections in  28 p a tie n ts  w hich  occurred  in  A ustria  
in  1986.

M aterials an d  m ethods

In  1986 a to ta l n u m b er o f 39 cases of h u m a n  listeriosis cam e to  know ledge of th e  A u s trian  
F ed e ra l M in istry  o f H e a lth . T w en ty -e igh t c u ltu re -p ro v e n  cases o f b ac teria l in fec tion  w ith  
v e rif ica tio n  b y  th e  L iste ria  R eference L a b o ra to ry  W ü rzb u rg  (H . P . R . Seeliger) w ere in cluded  
in  ou r s tu d y . D e term in a tio n  o f lysotypes w as p e rfo rm ed  a t  th e  In s t i tu te  P a s te u r  P a ris  ( J .  
R o court).

R esu lts

In  1986 Listeria  monocytogenes w as iso lated  from  various specim ens 
(Table I) o f 28 p a tie n ts  in  tw o lab o ra to rie s  in  A u stria  (S erovar l/2 a , 24 s tra in s ; 
se ro v ar 4b , 4 stra in s). P a tie n ts  o rig in a ted  from  th e  fou r w estern  d is tric ts  of 
A u stria  n am ely  V orarlberg , Tirol, S a lzb u rg  an d  U p p er A ustria  w ith  a to ta l  
p o p u la tio n  of 2.4 m illion  people. T he la s t  epidem ic occurrence o f listeriosis 
w as reg is te red  in th e  e a s te rn  p a rt o f  A u s tr ia  five years  earlie r — 10 cases 
in  th e  y ea rs  1980/81 [4]. F rom  A u stria  th re e  iso lates of h u m an  origin were

F r an z  A l l e r b e r g e r , J .  P . Gu g g e n b ic h l e r  
F e d e ra l P u b lic  H e a l th  L a b o ra to ry  
S ch o p fstrasse  41 , А -6020 In n sb ru c k , A u s tria
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Table I

Sources o f  specimens — 28 cases o f  listeriosis/  A ustria  1986

P a t ie n t S pecim en

N eonata l in fan ts :

B. m econium , th ro a t  swab, ear swab
K . v en tricu la r asp irate
L. blood
H. blood, ear swab
K. cerebrospinal flu id
p . cerebrospinal flu id
G. blood
M. blood
R. blood
H. blood
B. blood
M. blood, cerebrospinal fluid
N. blood, ear swab
A. blood
P. ear swab
H. endotrachea l tu b e
H . endo trachea l tu b e
s. cerebrospinal flu id
M. en d o trachea l tu b e
K. v en tricu la r  a sp ira te
s. blood
w. blood, cerebrospinal fluid
s. blood, m econium
s. cerebrospinal fluid

A dults:

K . M. cerebrospinal flu id
L. J . cerebrospinal flu id
K . A. blood
E . R . blood

ty p e d  in  1982 a t  th e  L iste ria  R eference L ab o ra to ry  W ürzb u rg , one s tra in  in  
1983, none in  1984 a n d  1985 and  17 s tra in s  in  1986 and  1987, resp ec tiv e ly . 
I n  1988 (including M arch) tw o A u str ian  s tra in s  of h u m an  orig in  w ere ty p e d  a t  
th e  G erm an R eference  L ab o ra to ry .

O ut of th e  28 p a tie n ts  in  1986, 24 w ere new born  in fa n ts ; 23 in fan ts  h a d  
e a r ly  onset disease w ith  signs and  sy m p to m s of sep ticaem ia  an d  re sp ira to ry  
d is tre ss  e ither im m ed ia te ly  or w ith in  12 h a fte r  delivery . F u r th e r  ev a lu a tio n  
o f  these  p a tie n ts  disclosed a b ac te ria l m en ing itis in 10, sep ticaem ia  in  13 
p a tie n ts . One p a t ie n t  h ad  la te  onset disease on d ay  six w ith  signs an d  sy m p to m s 
o f  b ac te ria l m en in g itis . The ad u lt p a tie n ts  w ere in  an  age range  betw een  25 
a n d  73 years. O nly  one of these four p a tie n ts  show ed com prom ised host defence 
m echanism s (b lastic  crisis, CML). Tw o p a tie n ts  suffered  from  m en ing itis  
(a 73-year-old m an  fell ill five days a fte r  incision of a p e ria n a l abscess), tw o  
fro m  septicaem ia.

Acta Microbiologica Hungarica 36, 1989



L IS T E R IO S IS  I N  A U S T R IA 151

A  careful h is to ry  w ith  em phasis on epidem iologic d a ta  and  e n v iro n 
m en ta l fac to rs w as ob ta in ed  in 20 o f  th e  24 m o th ers  of new born  p a tie n ts  
and  in  all ad u lts . P reg n an cy  was u n e v e n tfu l in  all cases u n til th e  end  of 
p reg n an cy ; 16 m o th e rs  had  a sho rt course of fever — m ost freq u en tly  w ith  
sym p to m s of an  a c u te  upper re sp ira to ry  tr a c t  in fec tion  p rio r to  delivery . 
F o u r m o th ers  h ad  a suhclinical un recogn ized  course. F ive of 20 m o th ers  
were consum ing  ra w  unpasteurized  m ilk  and  nine o f 20 m others were ea tin g  
v egetab les from  biologic agricu lture d u rin g  p reg n an cy . Ten of 20 m o th ers  
lived on or v isited  fa rm s during p reg n an cy . C on tact w ith  sick anim als w as 
denied  in  all cases. A ll adult p a tie n ts  h ad  consum ed raw  uncooked m ilk ; 
twm o f four had  rece ived  vegetables from  biologic ag ricu ltu re . T hree of fo u r 
wTere liv ing  on or v is itin g  farm s; n one  has h ad  c o n ta c t w ith  sick an im als.

D urin g  th is  epidem ic L. monocytogenes w as also iso lated  in  several 
in stan ces  from  co n tam in a ted  cheese. D e te rm in a tio n  of lyso types of fo u r 
lis teria  s tra in s  (se ro v ar l/2a) iso la ted  from  cheese y ie lded  th e  lyso type 44/77/ 
12029/10/43. L y so ty p e  10/43 was fo u n d  seven tim es in  e igh t stra in s (serovar 
l/2 a )  iso la ted  from  h u m a n  sources; a n  id en tica l ly so ty p e  as in  cheese was on ly  
iso la ted  once.

F ive  of 28 p a tie n ts  died. Two in fa n ts  died p rio r to  diagnosis and  a d m i
n is tra tio n  of an tim ic ro b ia l agents. A la te  sequela w as observed in one in fa n t 
(hyd rocephalus). T w o o th e r in fan ts w ho  died and  th e  one who suffered from  
h y d ro cep h a lu s  h ad  received  céphalosporines (cefuroxim e, cefoxitin , cephalo- 
th in ) . A n ad u lt w ith  lis teria-sep ticaem ia  and  com prom ised host defense w as 
tre a te d  w ith  ch lo ram phen ico l. D espite of rap id  defrevescence, no im p ro v em en t 
in  th e  clinical co n d itio n  was observed an d  th e  p a tie n t d ied  on day  five of th e  
th e ra p y . A m picillin  alone (three p a tie n ts ) , a co m b in a tio n  of am picillin w ith  
an am inoglycoside (14 patien ts), am p ic illin  w ith  penicillin  (tw o p a tie n ts )  
and  penicillin  in co m b in a tio n  w ith a n  am inoglycoside (th ree  p a tien ts) w ere 
used successfully  in  th e  trea tm en t o f o u r p a tie n ts ; no difference was observed  
in  th e  im m ed ia te  c lin ical response a n d  th e  u ltim a te  ou tcom e of p a tien ts .

D iscu ssio n

T he co n su m p tio n  of raw  m ilk  an d  bio logically  grow n vegetab les as 
possible sources o f in fection  in our p a tie n ts  c a n n o t he dism issed. U sually  
in  T iro l 92%  of th e  consum ed m ilk  is pasteu rized  an d  processed in  d a iry  
farm s; only  8%  is d ire c tly  sold by  fa rm ers . Seeliger rep o rted  in  1951 th e  co n 
su m p tio n  of raw  uncooked  milk as a suspected  cause of a lis te ria  epidem ic 
in H alle , G D R  [5]. Also cream , sour m ilk  and  cheese w ere rep o rted  as a p o te n 
tia l source of in fec tio n  [2]. A lthough L . monocytogenes w as rep ea ted ly  iso la ted  
from  cheese — in o u r ou tb reak  — th is  seem s to  he of lesser im po rtan ce ; o n ly  
in one child was a n  iden tica l ly so ty p e  found . V egetab les have been incrim i-
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natecl as an im p o r ta n t  source of in fec tio n s  [6 -8 ]. I t  seem s th a t  vegetab les 
g row n  under co n d itio n s  of biological ag ricu ltu re  pose an  increasing  h aza rd  
o v e r products g ro w n  w ith  artific ia l fe rtiliz a tio n .

While-L. monocytogenes infections seem  to  be p rim arily  a food-borne disease 
lis te riae  can be a re s id e n t of the faeca l flo ra  [9]. i t  is likely  th a t  th e  source 
o f  in fec tion  in ou r 73-year-o ld  p a tie n t, w ho fell ill a f te r  incision  of a pe rian a l 
abscess, o rig inated  fro m  the bowel f lo ra . P erian a l operations could p resen t 
a p o te n tia l risk  of in tro d u c in g  these  b a c te r ia  in to  the  b loodstream .

The co n tac t w ith  sick anim als as a source of h u m an  in fec tion  seem s to  
be negligibly low. T h is  correlates well w ith  resu lts  o b ta ined  by  o th e r au th o rs  [9].

Various an tim ic ro b ia l agents h a v e  been  used in th e  tre a tm e n t of lis te ria  
in fec tions. H ow ever, th e re  is still a d e b a te  ab o u t th e  m ost effective th e ra p y  
o f  th is  serious illness. F rom  previous re p o r ts  in  th e  lite ra tu re  an d  from  our ow n 
d a ta  it  is cpiite c lear t h a t  a lis te ria -in fection  should no t be tre a te d  w ith  céphalo 
sporines alone or in  com bination . O u r d a ta  also suggest th a t  th e ra p y  w ith  
ch lo ram phen ico l — desp ite  of a d e q u a te  in  v itro  sensitiv ity  an d  an  excellen t 
C SF  p en e tra tio n  — is u n sa tisfac to ry . M an y  in  v itro  investig a tio n s on com bi
n a tio n s  of am picillin  w ith  am inoglycosides have show n a synerg istic  m ode of 
a c tio n  [10]. In  o u r experience th e re  w as no difference in  th e  th e ra p e u tic  
ou tcom e betw een th e  use of a c o m b in a tio n  of am picillin or penicillin  w ith  an  
am inoglycoside or o f  am picillin  alone; a ll w ere efficacious. H o f an d  Giickel [11] 
re p o rte d  the lack  o f  synergism  of am p ic illin  an d  gentam icin  in  experim en ta l 
lis terio sis  using m ice; using  a m icroca lo rim etric  a p p a ra tu s  we re c e n tly  d em o n 
s tra te d  a m issing synerg ism  betw een  am pic illin  and  gen tam icin  in  v itro  [12]. 
T h e  use of a single effective a n tim ic ro b ia l agen t w ith  re la tiv e ly  little  tox ic  
effec t, such as am p ic illin , could be p re fe rred  to  the  use of a co m bina tion  of 
am pic illin  w ith  an  am inoglycoside w ith  p o ten tia lly  serious to x ic  effects; we 
believe  th e  u ltim a te  te s t  of su p e rio rity  o f a th e rap eu tic  reg im en  m ust come 
from  fu rth e r  c lin ica l studies.
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LISTERIA-MENINGITIS AND -SEPTICAEMIA IN 
IMMUNOCOMPROMISED PATIENTS

S . O r t e l

In stitu te  o f  M edical M icrobiology and E pidem iology,
Reference Laboratory fo r  L isteriosis, M a rtin  Luther U niversity, H a lle/S ., GDR

I n  th e  period  from  1980—86 we o b ta in e d  51 s tra in s  o f Listeria  from  m ening itis  in  ad u lts  
for se ro ty p in g  and  p h ag e-ty p in g . T en s tra in s  w ere associated  w ith  m ening itis  an d  3 w ith  
sep ticaem ia  of im m unocom prom ised  p a tie n ts . T h ey  suffered  from  leukaem ia, d iab e tes , H odg
k in ’s d isease, alcoholism , lu p u s e ry th em a to d es . T he le th a lity  ra te  in  these  p a tie n ts  w as 7 0% , 
in  o th e r  p a tie n ts  w ith  m en in g itis  30% . P h ag e  ty p in g  has show n th a t  4b s tra in s  w ere o ften  
d e te rm in ed  b y  th e  phage-code 00010 and  sim ilar codes. T his p h a g e -p a tte rn  m ig h t be  specific 
for m en in g itis  stra ins . T he im m unocom prised  p a tie n t  is especially  endangered  in  tak in g  u p  
lis te riae  fro m  th e  en v iro n m en t, b u t  i t  m u st also be  in  considera tion  th a t  lis te riae  m ay  easy gain  
access fro m  th e  g u t in to  th e  vessels.

I n  th e  p a s t years  we observed  m ore freq u en tly  Listeria monocytogenes 
m en in g itis  in  ad u lts . T he illness becom es often  fa ta l, in  sp ite  of an  ad eq u a te  
th e ra p y  w ith  am picillin  an d  gen tam ic in . M eningitis an d  lis teria-sep ticaem ia  
were espec ia lly  observed  in  im m unocom prom ised  older p a tien ts  in  w hich th e  
im m undefence  w as in ju re d  b y  d iab e tes , leukaem ia, m eagerness, alcoholism , 
lupus e ry th em a to d es  an d  o th e r diseases.

M aterials and m ethods

T h e  s tra in s  for se ro ty p in g  a n d  p h ag e-ty p in g  w ere o b ta in ed  from  bacterio log ical lab o ra 
to ries o f th e  G D R . P hage ty p in g  w as done in  a m u lti-cen tre  s tu d y  [1], se ro typ ing  w ith  fac to r- 
sera p re p a re d  b y  Im pfsto ffw erk  D essau (G D R ). Clinical d a ta , as fa r  as availab le , w ere collected  
from  th e  h is to ries of p a tie n ts  tr e a te d  in  d iffe ren t hosp itals.

R esu lts

T h e cases w hich we have observed  can  be d is tr ib u te d  in to  4 groups. 
T able I  show s th is classification . In  g roup  I  we sum m arize 41 cases of m en in 
gitis in  p a tie n ts  w ith  n o rm a l defence w ith o u t co-ex isting  diseases. T he n u m b er 
of m ale a n d  fem ale p a tie n ts  w as n e a rly  th e  sam e, th e  d ea th  ra te  30% . In

Sie g f r ie d  Or t e l
In s t i tu te  o f  M ed ica l M icrobio logy a n d  E p id em io lo g y , M a rtin  L u th e r  U n iv e rs ity  
L en inallee  6 , 4020 H alle /S . G D R
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Table I

Listeria-m eningitis in  adults w ith normal defence and in  immunocompromised patier, ts including
septicaemia and local listeria-infections

D ied
P a tien t-g ro u p N u m b er m f

m f T o g e th er %

I. L isteria-m eningitis in  adu lts 
w ith  norm al defence 41 20 21 6 6 12 30

I I .  L isteria-m eningitis in  im m uno
com prom ised p a tie n ts 10 3 7 2 5 7 (70)

I I I .  L isteria-septicaem ia in  im m uno
com prom ised p a tie n ts 3 1 2 1 1 2 (66)

IY . Local listeria-infections (ab-’
scesses) in im m unocom prom ised 
p a tien ts 2 0 2 0 0 0 _

T otal 56 24 32 9 12 21 37.5

g ro u p  II we p resen t 10 cases of m en ing itis  in  im m unocom prom ised  p a tie n ts . 
T h e  m ale and fem ale ra tio  is 3 : 7. T he d e a th  ra te  is v e ry  h igh , 70% . Also in  
g ro u p  I I I ,  in  w hich w e collected 3 cases of lis te ria -sep ticaem ia  in  im m u n o 
com prom ised  p a tie n ts , th e  d ea th  ra te  is a b o u t 66% . In  group IV  we lis t 2 
cases of abscesses in  p a tie n ts  w ith  d iab e tes . I t  m u st be m en tioned  in  connec
t io n  w ith  the  d ea th  ra te s  th a t  th e  lis te ria -m en in g itis  has often  c o n tr ib u te d  to , 
b u t  i t  was no t a lw ays th e  cause o f th e  d ea th .

Table II

Age distribution  in  adult patients w ith listeria-meningitis

Y ear m f T o ta l

2 0 - 2 5 3 3 6
2 6 - 3 0 l 1 2

3 1 - 3 5 l 2 3
3 6 - 4 0 l 1 2

4 1 - 4 5 2 1 3
4 6 - 5 0 2 2 4
5 1 - 5 5 3 2 5
5 6 - 6 0 4 3 7
6 1 - 6 5 2 4 6

36 =  
64.3%6 6 - 7 0

7 1 - 7 5
3
2

6
4

9
6 24 =

7 6 - 8 0 — 2 2
43%

8 1 - 8 5 — 1 1

T o ta l 24 32 56
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T he age d is tr ib u tio n  (T able II)  shows t h a t  36 p a tie n ts  (~ 6 4 % )  w ere 
o lder th a n  50 years a n d  24 (~ 4 3 % )  w ere o lder th a n  60 y ears . The o ldest 
p a tie n t w ith  lis te ria -m en in g itis  w as a fem ale of 85 y ears .

T ables I I I ,  IV  an d  У  give a rep re sen ta tio n  a b o u t th e  cases of m eningitis, 
sep ticaem ia  and  local lis te ria -in fections in  im m unocom prom ised  p a tien ts . T he 
basic illnesses, w hich w ere responsib le for th e  d am age o f th e  im m u n sy stem  
w ere: d iabetes, (6); m yelo id  leukaem ia , (3); alcoholism , (2) an d  m eagerness 
(hypophysical), H o d g k in ’s disease and  lupus e ry th e m a to d e s  (one of each).

Table II I

Listeria-m eningitis in  immunocompromised patients

P a tie n t Sex
Age

years O ccupation M eningitis I lln ess S e ro v ar P h ag o v ar O utcom e

l f 23 _ 1980 leukaem ia 4b n. typ . died
2 m 30 invalid  re n tie r 1984 H odgk in ’s 4b n. typ . died

disease
3 f 68 cou n try 1985 diabetes l /2 a n. typ . died

w om an
4 in 60 invalid  re n tie r 1985 diabetes 4b 00010 died
5 m 32 em ployee 1985 leukaem ia 4b 00010 healed
6 f 20 nurse 1985 m eagerness 4b 00010 healed
7 t 65 ren tie r 1985 diabetes 4b n. typ . died
8 f 60 ren tie r 1985 alcoholism l/2 a n. ty p . died
9 f 46 — 1986 alcoholism l/2 a n . typ . died

10 f 65 farm er 1986 diabetes 4b 51604 died

Table IV

Listeria-septicaem iae in  immunocompromised patients

P a tie n t Sex
Age

years O ccu p atio n
Y ear of 

sep ticaem iae I lln es S e ro v ar P h ag o v ar O utcom e

и f 63 ren tie r 1978 leukaem ia l /2 a n. ty p . died
12 m 70 ren tie r 1984 cerebrocardial l /2 a 21100 died

insufficiency
13 f 50 invalid  re n tie r 1986 lupus ery the- l /2 a 04200 healed

m atodes

Table V

Local listeria-infections ( abscesses)  in  immunocompromisedd patients

P a tie n t S ex
Age

years O ccu p atio n
Y ear of 
in fection I lln ess S ero v ar P h ag o v ar O utcom e

14 f 78 ren tie r 1977 diabetes 4b n. typ . healed

15 f 79 ren tie r 1985 diabetes l /2 a n. ty p . healed
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T h e clinical sym ptom s w ere ty p ic a l for m eningitis: h igh  te m p e ra tu re s  up  to  
39.8 °C, sh ivering, head ach e, stiffness o f th e  neck, unconsciousness a n d  com a. 
I n  th e  CSF h igh num bers of cells (5000-10 000) were show n.

The resu lts  of phage ty p in g  o f th e  15 Listeria  s tra in s  w hich  w ere iso la ted  
fro m  CSF, blood and  abscesses of th e  im m unocom prom ised  p a tie n ts  show  th a t  
n one  of th e  l/2 a  serovar s tra in s  from  m eningitis cases w as ty p eab le , w hereas 
2 s tra in s  iso lated  from  blood w ere d e te rm in ed  b y  Codes 21100 a n d  04200. 
O u t of serovar 4b s tra in s  from  im m unocom prom ised  p a tie n ts  3 belonged 
to  Code 00010 an d  one to  Code 51064. T he ty p in g -re su lts  o f th e  36 s tra in s 
from  m eningitis (Table V I) show  th a t  from  th e  10 l/2 a  s tra in s  only  tw o  were 
ty p e a b le . T hey  were d e te rm in ed  b y  Codes 20024 and  22100. B u t it m igh t be 
of in te re s t, th a t  in  4b Code 00010 a n d  sim ilar s tra in s  as fo r in s ta n c e  00110, 
00100 and 00001 Mere freq u en t. W e raise the  question , if  these  phage-types 
m ig h t be specific for m en ing itis  s tra in s , sim ilarly  as in  Staphylococcus aureus, 
w here  th e  p h a g e -p a tte rn  “ 71”  is supposed  to  be specific fo r im petigo .

The an tib io tic -su scep tib ility  o f th e  iso lated  L isteria  s tra in s  showed 
a good suscep tib ility  to  am pic illin , co-trim oxazole, e ry th ro m y c in , carbenicillin , 
azloeillin  and  m ezlocillin. T he кп ом п  resistance to  cefu rox im , cefo tax im  and 
cefo tiam  could be confirm ed . T herefo re , th e  las t-m en tio n ed  an tib io tic s  should 
n o t be used in th e  tre a tm e n t of listeriosis in any  case, especially  no t in  m en in 
g itis . B ased on our ow n in v e s tig a tio n s  w ith  100 s tra in s  o f L . monocytogenes 
o f th e  serovars l /2 a  an d  4b, c ip ro flo x ac in  h ad  a very  good effect on lis te riae  [2]. 
T h e  M IC’s ranged  b e tw een  0.5 to  2.0 mg/1 and  were low er th a n  th e  M IC’s 
o f norfloxacin  and  ofloxacin  [3, 4].

Considering th e  above  fin d in g s, in  th e  th e ra p y  of m en ing itis  an d  sep ti
caem ia  a correct t re a tm e n t Mras p rescribed  in  m ost cases. A m picillin  an d  gen
ta m ic in  or kanam ycin  com b in a tio n s w ere often  given. O x y te tracy c lin e , high

Table VI

Phagovars of 36 Listeria strains isolated from meningitis in adults

S ero v ar l /2 a  (10 stra in s) S e ro v ar 4 b  (26 s tra ins)

Code 20024 (1 + ) Code 00010 (7 X  )

22100 (lx) Code 00110 (4 x )
Code ooioo ( lx)

U n ty p eab le  8 strains Code 00001 (lx)
Code 00210 (lx)
Code 00400 (lx)
Code 01651 (1+)
Code 01401 (lx)
Code 51604 (lx)
U ntypeab le 8 s tra in s
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doses of penicillin  (40 m illion IU /d ay ) as an  in itia l th e ra p y , followed by  am pi- 
cillin w ere effective. In  one case co n tin u o u s infusion of am picillin  an d  in t r a 
m uscu lar g en tam ic in  resu lted  in  a recovery . A zlocillin was also effective. 
In  th e  tre a tm e n t of lis te ria -m en ing itis  th e  ap p lica tion  of c iprofloxacin  an d  
its co m bina tion  w ith  am picillin  are  o f especial significance. This th e ra p y  
m ight be im p o r ta n t in  severe cases o f lis te ria -m en in g itis  and  -sep ticaem ia.

D iscussion

O ur in v estig a tio n s ab o u t lis te ria -m en in g itis  an d  -sep ticaem ia, espe
cially in  im m unocom prom ised  p a tie n ts , have show n th a t  m eningitis cases 
in ad u lts  an d  older persons are fre q u e n tly  connected  w ith  a high le th a lity  
ra te . P a tie n ts  w ith  im m une  deficiency are  especially endangered  b y  in fec tion  
w ith lis te riae  from  th e  env iro n m en t. Also the possib ility  th a t  lis teriae  im m i
g ra te  from  th e  gut in to  th e  vessels m u s t be ta k e n  in to  consideration .

I t  shou ld  also he added  th a t  th e  elderly  p a tie n t o ften  exh ib its an  u n h y 
gienic b eh av io u r an d  therefo re  th e  u p ta k e  of listeria  from  his en v iro n m en t is 
favoured . I t  m igh t be o therw ise of g rea t in te res t th a t  th e  p a tie n t w ith  an  
acqu ired  im m une  defic iency  syndrom e (A ID S) is n o t especially  en d an g ered  
by  L . monocytogenes, w hich  is n o t a com m on pa thogen  in  p a tie n ts  w ith  A ID S . 
Jaco b s an d  M urray  [5] observed th a t  lis te riae  ra re ly  in fec t A ID S -p a tien ts . 
This is as y e t curious an d  unex p la in ed . T he reasons fo r th e  u n ex p ec ted ly  low  
incidence if  lis teria-in fections in  p a tie n ts  w ith  A ID S m ig h t he based  on genetic  
factors or epidem iological in fluences, fo r in stan ce  an  a lte ra tio n  of th e  in te s tin a l 
flo ra  in  th ese  p a tie n ts , (m ost hom osexuals hav ing  a h is to ry  of g a s tro in te s tin a l 
t r a c t  in fections), and  m ultip le  courses of an tib io tic  th e ra p y  w hich p e rh ap s  
a lte r  th e ir  f lo ra  and  th u s  decrease exposu re  to  L . monocytogenes. B u t also 
im m une an d  non-im m une  defence m echan ism  m ay be p a r t  of th is  p ro b lem  
w hich rem ain s as y e t unsolved.
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THE TREATMENT OF LISTERIA  
MONOCYTOGENES INFECTIONS IN THE CENTRAL 

NERVOUS SYSTEM

A n a  C a r v a j a l , S u s a n n e  S a m u e l s s o n , N . P . R o t h g a r d t  

an d  W .  F r EDERIKSEN

State Serum Institute, Copenhagen, Denmark

F ifty -fo u r cases o f Listeria monocytogenes m eningitis an d  m en ingoencephalitis  occu rred  
in D en m ark  be tw een  1981 and  1986. T he a im  of th e  p re sen t s tu d y  w as to  consider th e  a n tib io tic  
t re a tm e n t o f these  p a tie n ts , 33 m ales an d  21 fem ales aged from  16 m o n th s  to  91 years: average 
(AV) 54 years. One or m ore pred isposing  fac to rs  (P F ) w ere fo u n d  in  30 p a tie n ts  (55% ): ste ro id  
tre a tm e n t (15), cancer (12), alcoholism  a n d /o r cirrhosis (10), d iab e tes  m ellitu s  (5), and  ren a l 
a llo g raft (2). Follow -up v a ried  fro m  3 m o n th s to  5 years. A m picillin  (A M P) was used  as th e  
on ly  an tib io tic  in  14 p a tie n ts , an d  w ith  an  am inoglycoside (AM I) in  38 b u t  A M I was w ith d raw n  
w ith in  24-48 h  in  14. H igh  doses o f A M P were used (AY 16 g /d ay ) gen era lly  fo r tw o weeks 
(AV 11 days), b u t  AM I w as u su a lly  w ith d raw n  in  th e  f ir s t  w eek (AV 5 days). T he m o rta lity  
r a te  (M R) was 39%  a n d  v a rie d  g re a tly  be tw een  prev iously  h e a lth y  p a tie n ts  (P H P ) and  th o se  
w ith  one or m ore P F : on ly  2 o u t o f 24 P H P  died, b o th  a d m itte d  to  h o sp ita l w ith  re sp ira to ry  
in sufficiency  and  shock. No sig n ifican t differences betw een  su rv iv o rs a n d  non-surv ivors w ere 
observed  e ith e r in  th e  doses, d u ra tio n  an d  a d m in is tra tio n  of AM P, or use  o f AM I, a lth o u g h  
a h igher n u m b er o f P F  w as fo u n d  in  th e  non-surv ivors. R elapse  occu rred  in  a t  lea s t 3 im m u n o 
com prom ised p a tie n ts . Sequelae w ere  re p o rte d  in  9 p a tie n ts . D ea th  occu rred  in  6 cases w ith in  
24—48 h  of adm ission . D elayed  d iagnosis an d  tre a tm e n t to g e th e r w ith  th e  u nderly ing  disease 
seem ed responsib le fo r th e  h igh  M R. M ore effective tre a tm e n ts  in  im m unocom prom ised  p a tie n ts  
shou ld  be tried .

The recom m ended  an tib io tic  for th e  tre a tm e n t of L isteria  monocytogenes 
in fections in  th e  cen tra l n erv o u s system  (CNS) is pen ic illin  G or am picillin  
(AM P) [1—3]. C om bination  w ith  an  am inoglycoside (AM I) has been w idely 
suggested , because of th e  synerg istic  effect [1 -4 ]. H ow ever, th is  com bination  
is n o t generally  accep ted  [4-6 ] an d  the  o p tim al th e ra p y  of listeria l CNS 
in fections rem ains to  be d e te rm in ed  [1, 4]. The use of e ry th ro m y c in , ch lo r
am phenico l, an d  v ancom ycin  for p a tie n ts  allergic to  pen ic illin  has p roduced  
con troversia l re su lts  [3, 4, 7 -9 ]  an d  co-trim oxazole is in creasin g ly  being used 
because of its  good p e n e tra tio n  in to  th e  CNS an d  th e  p o ssib ility  of ex tended  
ora l ad m in is tra tio n  a fte r  clin ical recovery  [2, 7, 10].

W e review ed th e  t re a tm e n t of L. monocytogenes CNS infections in  a 
hom ogeneous p o p u la tio n  w ith  s im ila r m edical care, in  o rd e r to  see w h e th e r 
th e re  were an y  differences in  th e  tre a tm e n t used, an tib io tic  com binations, 
dosage, and  d u ra tio n .
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M aterials an d  m ethods

T he m aterials a n d  m eth o d s  have  been described in  o th e r  re p o rts  p resen ted  a t  th is  
S y m posium . B riefly, th e  s tu d y  com prised  54 confirm ed L. monocytogenes CNS infections, 
r e p o rte d  in  pa tien ts o th e r  th a n  n eo nates du rin g  a six -year period , 1981-87. Case h isto ries were 
re tro sp ec tiv e ly  review ed a n d  a questio n n a ire  w as filled in for each  p a tie n t. T he d a ta  on th e

monocytogenes CNS

T ab le  I

infections : age and sex distribution

Age (years) M ale Fem ale T o ta l

1 - 1 0 l 3 4
11 — 20 0 0 0
2 1 - 3 0 4 2 6
31 — 40 1 1 2
4 1 - 5 0 6 3 9
5 1 - 6 0 7 3 10
6 1 - 7 0 8 1 9
7 1 - 8 0 5 5 10

> 81 1 3 4

T ota l 33 21 54

M ale/fem ale ra tio : 1.5

a n tib io tic  trea tm e n t a n d  o th e r  de ta ils  considered  re lev an t for th e  p rognosis o f th e  p a tie n ts  
a r e  p re sen ted  here. Fo llow -up  v a ried  from  th re e  m on ths to five  y ears . T h ir ty - th re e  (61% ) of 
th e  p a tie n ts  were m ale a n d  th e  age range  w as 16 m o n th s to 91 y ears , w ith  a  m ean  of 54 years. 
T h e re  w ere four ch ild ren  u n d e r  10 years (T ab le  I ) . T h ir ty  o u t o f 54 p a tie n ts  (55% ) h ad  a t  
le a s t  one pre-existing  c o n d itio n  know n to  fa v o u r lis te ria l in fec tions, an d  a h igher n u m b er of 
th e s e  underly ing  cond itions (UC) (42) was fo u n d  in  p a tie n ts  who d ied  th a n  in  su rv ivors (16) 
(T ab le  I I ) .

T ab le  II

CNS infection: underlying conditions

S urvivors (10)
N on-

su rv iv o rs  (20)

M alignancy 2 10
Steroid tre a tm e n t 3 12
O ther im m unosuppressives 2 7
Alcoholism 4 3
Cirrhosis 2 1
Renal tra n sp la n t — 2
D iabetes m ellitus 2 3
Miscellaneous 1 4

No. p a tien ts  w ith  m ore th a n  one 3 12
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R esu lts

In itia l antibiotic treatment. Six p a tie n ts , nam ely  tw o  p rev iously  h ea lth y  
p a tie n ts  (P H P ) and  four w ith  UC received  oral penicillin  or oral AM P before 
adm ission . P re-d iagnostic  an tib io tics w ere given in  h o sp ita l to  19 p a tien ts , 
only  4 o f w hom  w ere P H P , for 1 to  3 days: oral pen icillin  (1), in trav en o u s  
penicillin  G alone (5) o r w ith  o th e r an tib io tics  (3), A M P alone (1) or w ith  
an  AM I (5), cefo tax im  alone (1), an d  cephalosporin  p lus AM I (3).

Treatm ent o f L . monocytogenes infection. W hen lis tc ria l infection  was 
su spec ted  AM P was th e  only an tib io tic  given in  14 cases (10 P H P ) and  in 
co m b in a tio n  w ith an  A M I in  38 cases, b u t  th e  AMI w as w ithd raw n  in 14 
p a tie n ts  w ith in  24 -48  h . H igh doses o f in trav en o u s AM P w ere used in  all cases 
(average 16 g/day) genera lly  for tw o w eeks (average 11 days), b u t AMI was 
u su a lly  given for a sh o rte r  period  th a n  A M P (average 5 days). D uring  t r e a t 
m en t th e  AM P dosage w as reduced  in  14 cases and in  tw o  p a tien ts  a sm all 
in tra m u sc u la r  dose of 2 g /day  and  1 g /d ay  followed th e  in itia l high dose of 
in trav en o u s  AM P. A fte r th e  conven tiona l in trav en o u s t r e a tm e n t, o ral AM P 
w as g iven to  6 p a tien ts  an d  3 o thers received  oral co -trim oxazo le  a fte r in t r a 
venous tre a tm e n t. A n o th e r p a tie n t received in trav en o u sly  ery th rom ycin  
2 g /d ay  p lus in trav en o u sly  AM P for 7 days a fte r w ith d raw a l of AM I. F ive 
p a tie n ts  died d u ring  th e  f irs t 24-48 h of tre a tm e n t, one on AM P alone and  
4 on A M P plus A M I. A n o th e r received  cefuroxim e p lus to b ram y c in  plus 
m etron idazo le  for th e  48 h  before d e a th , and one received  no an tib io tics. 
R elapse occurred  in  a t le a s t th ree  p a tie n ts  and  one of th e m  h ad  tw o m icro- 
biologically  confirm ed re lapses before d ischarge to  a n o th e r h o sp ita l w here th e  
clinical h is to ry  w as n o t availab le . U nsuccessful t re a tm e n t w ith  ch lo ram p h e
nicol w as given in  tw o cases, an d  low -dose in tram u scu la rly  AM P in th e  th ird . 
Sequelae were rep o rted  in  9 p a tie n ts : hem iparesis, ap h as ia , d isphasia an d  
fac ia l para ly sis .

Other treatment measures. A rtific ia l v en tila tio n  was g iven  to  16 p a tie n ts  
an d  p e rito n ea l dialysis to  one.

Complications. P leu ro p u lm o n ary  disease was rep o rted  in  21 cases, shock in  
12, ren a l im pairem en t in  11, and  d issem ina ted  in trav ascu la r  coagu lation  in  one.

Outcome. The delayed  m o rta lity  ra te  was 39% , b u t  in  3 cases th e  cause 
of d e a th  could n o t be d irec tly  re la te d  to  L . monocytogenes infection . The 
m o rta lity  ra te  of P H P  an d  p a tie n ts  w ith  underly ing  co n d itions varied  w idely: 
only  tw o  ou t of 24 P H P  died, an  88-year-o ld  w om an an d  a 51 year-o ld -m an , 
b o th  a d m itte d  to  h o sp ita l w ith  re sp ira to ry  insufficiency an d  shock.

Necropsy reports w ere availab le  in  12 cases, b u t p o s tm o rte m  ex am in a tio n  
of th e  CNS was done in  on ly  8, and  in  none of th em  w ere m icrobiological 
cu ltu res  done. P u lm o n ary  in v o lv em en t w as repo rted  in  9, encephalitis  in  5 
an d  p e rica rd itis  in  one case.
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D iscussion

No differences w ere found  in  th e  an tib io tic  t re a tm e n t of survivors and  
t h a t  o f non-surv ivors, b u t  th e  m o rta lity  ra te  depended  on u n d erly ing  diseases 
a n d  predisposing fac to rs , as rep o rted  in  o th e r  stud ies [1, 4 , 11]. Old age is 
considered  a p red isposing  fac to r in  som e stud ies [11]. P u lm o n a ry  in v o lvem en t 
a n d  shock w orsened th e  prognosis in  th is  series. D ea th  o ccu rred  in  six cases 
w ith in  24-48 h of adm ission  an d  la te  diagnosis could be responsible for th e  
ou tcom e. AM P alone w as as effective as AM P com bined  w ith  A M I, as used  
in  th is  s tudy . R ed u c tio n  of th e  AM P dose an d  w ith d raw al o f AMI afte r a few  
d a y s  of tre a tm e n t, as seen in  th is  series, has no pharm aco log ical su p p o rt: 
th e  AM P level in  th e  CNS fell d u ring  convalescence an d  th e  synergistic  effect 
o f  AM P plus AM I shou ld  be tr ie d  in  o rd er to  achieve a b ac te ric id a l effect a t  
th e  site of the  in fec tio n  to  p rev en t re lapse  [1, 2, 8]. T he use of o ral A M P 
a f te r  in travenous t r e a tm e n t  given in  6 cases in  th is  series does no t seem  to  
be  ju stified , because i t  fails to  p e n e tra te  th e  CNS [2]. O th e r drugs able to  
reach  the  site of in fec tio n  b y  th e  oral ro u te  have been used  successfully in  
th e  tre a tm e n t of L . monocytogenes CNS infections [2, 7, 10].

H igh doses o f pen icillin  or AM P are genera lly  p re fe rred  in  the  t re a tm e n t 
o f  lis te ria l in fections [3 -5 , 9]. A lthough  th e  d u ra tio n  of t re a tm e n t is no t w ell 
defined , the h igh m o rta li ty  ra te  in  im m unocom prom ised  p a tie n ts  and  th e  
re lap se  ra te  w ould suggest a period  of 3 -6  weeks 11, 3, 4, 7, 9, 10].

F rom  the  f in d in g s  i t  m ay  be concluded  th a t  (i) th e  m o rta lity  ra te  in  
L . monocytogenes CNS in fections depends on the  u n d erly in g  cond ition  of th e  
p a tie n ts ;  (ii) AM P alone was as useful as th e  co m bina tion  o f AM P and  A M I 
u se d  in  this s tu d y ; (iii) th e  in itia l dose of th e  an tib io tics, w h ich  perm its clin ical 
recovery , should n o t be reduced  d u ring  th e  tre a tm e n t un less th ere  are o th e r  
reaso n s; (iv) w hen a synerg istic  co m b in a tio n  of AM P p lus A M I is chosen for 
th e  tre a tm e n t of lis te r ia l infections, AM I should n o t be w ith d raw n  unless 
th e re  are o ther reaso n s; (v) m ore effective an tib io tic  reg im ens should be tr ie d  
in  im m unocom prom ised  p a tie n ts ; longer tre a tm e n t and  th e  use of oral drugs 
ab le  to  reach th e  CNS are advisable.
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THE TREATMENT OF LISTERIA  
MONOCYTOGENES  SEPTICAEMIA

A n a  C a r y a j a l , S u s a n n e  S a m u e l s s o n , N. P . R o t h g a r d t  

and  W .  F r ED ER IK SEN
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T h ir ty  cases o f Listeria monocytogenes sep ticaem ia  occurred  in  D en m ark  betw een 1981 
and 1986. T he aim  of th is  s tu d y  was to consider th e  tre a tm e n t of these  p a tie n ts , 18 m ales an d  12 
fem ales aged from  20 to  87 years: average (AY) 65 years. One or m ore predisposing fac to rs  
(P F ) w ere found  in 90%  o f th e  p a tien ts , m ain ly  cancer (16), s te ro id  tre a tm e n t (12), c irrhosis 
a n d /o r alcoholism  (8), a n d  d iabe tes m ellitus (3). Follow -up v a ried  from  3 m on ths to  5 y ears . 
A m picillin  (AM P) alone or w ith  an  am inoglycoside (AM I) was th e  tre a tm e n t in 9 and  16 cases, 
respec tive ly . One p a tie n t  w as successfully tre a te d  w ith  penicillin  G an d  a n o th e r received oral 
co -trim oxazol a fte r  reco v ered  w ith  carben icillin  p lus AM I. A M P doses w ere lower th a n  used  
in lis te ria l m eningitis (AV 5 g /d ay  vs. 16 g /d ay ), and  th e  d u ra tio n  w as va riab le : from  one to  21 
days (AV 8 days). T he m o rta lity  ra te  was 5 0 % . No sign ifican t d ifferences betw een  su rv ivo rs 
and  non-su rv ivo rs w ere o bserved  e ither in th e  an tib io tic  tre a tm e n t (doses, d u ra tio n , a d m in is tra 
tion , and  use of AM I), o r th e  nu m b er and k in d  of P F  found . T he cause of sep ticaem ia could n o t  
be estab lish ed  in  m ost cases b u t 3 en d o card itis , 2 p e rian a l abscesses an d  one pe ricard itis  w ere 
found in  th e  n o n -su rv ivo rs. P u lm onary  in v o lv em en t was p re sen t in  13 p a tie n ts  an d  CNS 
infection  suspec ted  in  10. E a rly  diagnosis, a d e q u a te  doses and  d u ra tio n  of an tib io tic  t re a tm e n t, 
and  th e  use  of drugs cap ab le  to  p en e tra te  p u ru le n t collections (m icroabscess and abscess 
fo rm atio n s) should im p ro v e  th e  prognosis of L. monocytogenes sep ticaem ia .

Listeria  monocytogenes sep ticaem ia  in  ad u lts  o th e r  th a n  p reg n an t w om en 
and  neonates is n o t w ell-characterized  clin ically ; i t  w ill p resen t as an acu te  
sep ticaem ia , u n su sp ec ted  and  of u n k n o w n  origin u n til  a b lood  cu ltu re  reveils 
th e  m icroorganism . “ P r im a ry ” b a c te raem ia  due to  L . monocytogenes is rep o rted  
w ith  increasing  freq u en cy  and  it  is th e  second com m onest clinical form  of 
listeriosis a fte r in fec tio n s of the  cen tra l nervous system  (CNS) [1 -6 ]. A lthough  
penicillin  G an d  am pic illin  (AMP) a re  th e  m ost used  an tib io tics in  m an y  
stud ies, th e  prognosis o f L . monocytogenes sep ticaem ia  v a ried  g rea tly  [2 -6 ]. 
W e review ed th e  t r e a tm e n t  of L . monocytogenes sep ticaem ia  in  D enm ark  d u rin g  
a s ix -year period , 1981-1987, in  o rder to  assess th e  prognosis of th e  in fection  
and  estab lish  w h e th e r th e re  were a n y  differences in  th e  an tib io tic  tre a tm e n ts  
given.

A na Carvajal

32, A rtem id o s  S tr . ,  166 73 A n o  V o u la  A th en s , Greece
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M aterials a n d  m ethods

T he m ate ria ls  a n d  m ethods h av e  b e en  described  in  o th er re p o rts  p re sen ted  a t  th is  
S ym p o siu m . B riefly , th e  s tu d y  com prised 30 sep ticaem ic  p a tie n ts  w hose b lood  cu ltu res grew 
L . monocytogenes. N e o n a te s  an d  p reg n an t w o m en  w ere n o t in c luded ; p a tie n ts  w ith  estab lished  
m en in g itis  were also n o t  considered . Case h is to rie s  w ere re tro sp ec tiv e ly  rev iew ed  an d  a  ques
tio n n a ire  was filled  in  fo r  each  p a tie n t. T he d a ta  on  th e  an tib io tic  t r e a tm e n t  a n d  o th e r de ta ils  
co n sid ered  re lev an t fo r th e  prognosis of th e  p a t ie n ts  a re  p resen ted  here. Fo llow -up  v a ried  from  
3 m o n th s  to  5 y ears. N in e te e n  (63% ) of th e  p a t ie n ts  were m ale an d  th e  age ran g e  w as 20 to  87 
y e a rs , w ith  a m ean  of 65 y ears. T w en ty -sev en  o u t  o f 30 p a tie n ts  (90% ) h a d  a t  lea s t one p re 
e x is tin g  underly ing  co n d itio n  (UC) and  th e  o n ly  th re e  prev iously  h e a lth y  p a tie n ts  w ere aged  
77, 86 a n d  87 y ears. T h e  m iscellaneous group  h a d  u lce ra tiv e  colitis (2), w ere rece iv ing  tre a tm e n t 
w i th  an tac id  (2), h a d  u ra e m ia  and  h aem o d ialy sis (1), p o sttran sfu sio n al A ID S  (1), sp lenec tom y 
(1), g ran u lo cy to p en ia  (1), m yxoedem a (1), p a n c re a t i tis  (1), and  a s th m a  (1).

R esu lts

In itia l antibiotic treatment. N one o f  th e  p a tien ts  w ere re p o rte d  to  have 
rece iv ed  an tib io tic  t re a tm e n t before adm ission . P re-d iagnostic  an tib io tic s  were 
g iv en  to  22 p a tie n ts , 14 surv ivors a n d  8 non-surv ivors, for one to  10 days: 
o ra l AM P (1), in tra v e n o u s  AM P alone (3), or w ith  an  am inoglycoside (AM I) 
(11), AM P w ith  o th e r  an tib io tics (3), in trav en o u s  e ry th ro m y c in  (2), p ip e ra 
c illin  w ith  AM I (1), a n d  ceph a lo th in  (1).

Treatment o f  L . monocytogenes septicaem ia. W hen lis te ria l in fection  w as 
su sp ec ted  AM P w as th e  only a n tib io tic  g iven  in  7 cases an d  in  com bination  
w ith  an  AMI in  15 cases (seven su rv iv o rs  an d  eight non-su rv ivo rs). One p a tie n t 
reco v e red  w ith  in tra v e n o u s  penicillin  G, 15 m illion IU /d a y  for 7 days in  com 
b in a tio n  w ith  m e th ic illin , 6 g /day  a n d  m eth icillin  alone in  th e  sam e dose fo r 
a fu r th e r  3 day s (Staphylococcus aureus  was iso la ted  from  th e  sp u tu m ) 
A n o th e r  p a tie n t w as successfully tr e a te d  w ith  carbenicillin , 30 g /day  plus 
to b ra m y c in  for 16 a n d  27 days, re sp ec tiv e ly  (Pseudomonas aeruginosa  w as 
s o la te d  from  th e  s p u tu m ; he w as g iv en  a rtific ia l v e n tila tio n  an d  h ad  lung  
abscess). A fter ca rben ic illin  was w ith d ra w n , oral co -trim oxazole, 800/160 m g 
w as  ad m in iste red  ev e ry  12 h for 11 m ore  days, and  f in a lly  oral e ry th ro m y c in  
fo r  a fu r th e r  3 w eeks com pleted  th e  an tib io tic  tre a tm e n t fo r th is  p a tie n t. 
P en ic illin  G, 3 m illion  IU /d ay  fo r 6 d ay s , followed b y  ora l A M P (1.4 g /d ay  
fo r  14 days) w as g iven  to  one p a tie n t w ith  rec ta l carcinom a, w ho died d u ring  
th e  o ra l t r e a tm e n t. N o au topsy  w as done. A nother p a tie n t received in tr a 
v en o u sly  e ry th ro m y c in , because o f pen icillin  allergy, 1.0 g /d a y  for 2 days, 
fo llow ed by  oral e ry th ro m y c in  in  th e  sam e dose of 1.0 g /d ay  for 14 days. 
T w o weeks a fte r  th is  tre a tm e n t th e  p a tie n t  died in a n o th e r h o sp ita l w ith  
p u lm o n a ry  em boli a n d  sep ticaem ia. N o au to p sy  rep o rt w as availab le .

The in tra v e n o u s  AM P dosage, th e  m ost used an tib io tic  given to  25 
p a tie n ts  varied  from  2 -15  g /day , b u t  th e  m a jo rity  of th e  p a tie n ts  received  
4 - 6  g /day . The d u ra tio n  of th e  tr e a tm e n t  also v aried : from  1 to  21 days
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(average 8 clays). Tw o p a tie n ts  died during  th e  f irs t  24 -48  h  o f AM P plus AM I 
tre a tm e n t and  a n o th e r p a tie n t received  no an tib io tic s .

Oral treatment after intravenous treatment. O ra l A M P w as given in  7 cases, 
4 surv ivors and  3 p a tie n ts  w ho died, an d  a n o th e r  4 p a tie n ts  received oral 
e ry th ro m y c in  (3) an d  co-trim oxazo le  (1). O th er an tib io tic s  w ere m etronidazole 
g iven to  one p a tie n t w ith  u lce ra tiv e  colitis for 21 day s; seven  p a tie n ts  received 
sh o rt tre a tm e n ts  for 2 4 -4 8  h : fucidic acid, cep h a lo th in , cepha lex in , cefotaxim  
an d  m etronidazole.

Other treatment measures. A rtific ia l v e n tila tio n  was g iven  to  one p a tie n t.
Complications. P u lm o n a ry  invo lvem en t w as re p o rte d  in  13 cases (5 su r

v ivors), shock in  th ree , an d  ren a l im p a irm en t in  tw o. CNS infection  was 
suspected  in  10 cases, one of th em  w ith  focal neuro logical sym ptom s (facial 
para lysis), endocard itis  w as suspected  in  tw o, pe rian a l abscess occurred in  
tw o  and  lung abscess in  one p a tie n t.

Outcome. F o u rte e n  p a tie n ts  died, 14 recovered  an d  no follow-up Mas 
possible in  tw o cases. D ea th  could n o t be d irec tly  re la ted  to  L . monocytogenes 
in fec tion  in tw o cases.

A utopsy  rep o rts  w ere availab le  in  8 cases. P u lm o n a ry  invo lvem en t was 
rep o rted  in  all au topsies, en d o carid its  in  3 an d  p e rica rd itis  in  one case. N either 
post-m ortem  ex am in a tio n  of th e  CNS nor m icrobiological cu ltu res  were done 
in  an y  p a tien t.

D iscussion

L . monocytogenes b ac te raem ia  was considered  in  th is  s tu d y  w hen the  
m icroorganism  M as iso la ted  from  th e  blood cu ltu res of th e  p a tie n ts  and  sam ples 
from  o th e r sites, if  done, w ere nega tive . E n d o card itis , p e rica rd itis , and  abscesses 
w ere therefore  also inc luded . I t  w as no t possible to  es tab lish  as to  w hether 
th ese  conditions w ere th e  source of th e  in fection  or a secondary  site  of L. mono
cytogenes infection . “ U n com plica ted” b ac te raem ia , as rep o rted  in  o ther 
stud ies [3, 6] or as observed  in  p reg n an t w om en, w as no t p re se n t in  th is series. 
T he m ean age was h ig h er th a n  th a t  observed in  p a tie n ts  w ith  estab lished  CNS 
in fections, as was th e  n u m b er of th e  UC an d  p a tie n ts  w ith  p u lm o n ary  invo l
v em en t.

P a tie n ts  w ith  sy m p to m s suggesting  CNS in fec tion  w ere found  in  th is  
an d  o th e r series [3, 6]. H a lf  o f th e  p a tien ts  d ied. T he re p o rte d  m o rta lity  ra te  
in  L . monocytogenes sep ticaem ia  varied  h ig h ly  in  th e  d iffe ren t stud ies: from  
11 to  88%  [2-6]. T his m ig h t be because th e  te rm  b ac te raem ia  is used for 
tra n s ito ry  b ac te raem ia , u r in a ry  t r a c t  infection , or for such severe infections 
as cerebritis, h e p a titis , abscesses, endocard itis , an d  p e rica rd itis  [3, 6 -11 ].

A special com m en t is called  for w hen p u lm o n a ry  in v o lv em en t occurs 
in  th e  presence of L . monocytogenes b ac te raem ia . I t  has been  recognized th a t
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p u lm o n a ry  invo lvem ent is a fea tu re  o f d issem inated  in fection  an d  it  should 
be considered as a possib le p r im a ry  or secondary  site  of L . monocytogenes 
in fec tio n s in  im m unocom prom ised  p a tie n ts  [1], as w as indeed  seen in th is  
s tu d y . P u lm onary  in v o lv em en t, th e  d iv e rs ity  in  th e  p re se n ta tio n  of L . mono
cytogenes CNS in fec tions, an d  th e  fa c t th a t  th e ir  presence m ay  be unclear in 
som e of th e  p a tien ts  in  th is  an d  o th e r  stud ies [1 — 3, 12] m akes i t  advisab le  
to  t r e a t  “ p rim ary ”  b a c te ra em ia  in th e  sam e w ay as m en ing itis  [6].

T he AMP doses used  in  th is  series were lower th a n  those used  in CNS 
in fec tions (averaging 5 g /d ay  versus 16 g/day) and  th e  d u ra tio n  of tre a tm e n t 
w as sh o rte r (averag ing  8 days versus 11 days). The sm all n u m b er of p a tien ts  
rece iv in g  tre a tm e n ts  o th e r  th a n  A M P does no t p e rm it an y  conclusion to  be 
d ra w n  in th is s tu d y , a lth o u g h  v a rio u s o ther tre a tm e n ts  have p roved  useful 
in  o th e r  studies [3, 9, 12]. P o st-m o rtem  exam inations of th e  CNS an d  m icro
biological cultures of p a tie n ts  who d ied  of L . monocytogenes b a c te ra em ia  w ould 
help  to  define th e  source and  th e  possible secondary  sites of th e  infection , 
w hich  could no t be d e te rm in ed  in  th is  an d  o ther stud ies [1-3 , 5, 6].

I t  m ay be concluded  th a t  (i) all possible d iagnostic  m ethods should  be 
u sed  to  establish  “ p r im a ry ” L . monocytogenes bac te raem ia , as a p a r t  from  cases 
w ith  local sites of in fec tio n  (e.g. CN S); (ii) pu lm onary  in v o lv em en t as a second
a ry  in fection  should  be considered ; (iii) high doses of AM P or penicillin  G 
sh o u ld  be used, specially  in  im m unocom prom ised  p a tie n ts  w ith  sym ptom s 
suggestive  of CNS or en d o card itis  an d /o r p u lm o n ary  in fec tion ; (iv) m icro
biological studies an d  CNS e x am in a tio n  should be done a t  au to p sy  of p a tien ts  
w ho  died  from  L . monocytogenes b ac te raem ia  in  o rder to  im prove ou r know l
edge o f th is severe cond ition .
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LATENT LISTERIOSIS -  ITS DIAGNOSIS BY 
BACTERIOLOGY AND SEROLOGY IN FIVE CASES

C . R o m a n a  and  M o n i q u e  S a g e  

Sanita tion  Departm ent, Barcelona, S p a in

The failure o f a g g lu tin a tio n  te s ts  in  th e  diagnosis o f la te n t  listeriosis (chronic a n d  
asy m p to m atic ) a re  p a r t ly  due to  th e  fa c t th a t  d e fic ien t an tig en s in  g en era l use have d isc red ited  
th e  serology in  th is  in fec tion . H ow ever, using  good live an tig en s o r an tig en s dev ita lized  a t  
m o d era te  te m p e ra tu re  a n d  conserved  b y  lyoph iliza tio n , exce llen t d iag n o stic  resu lts  m ay  be 
o b ta in ed  by  in d irec t im m unofluorescence ( I IF ) . W e could confirm  th is  ag a in  in  five w om en w ith  
a  h is to ry  of p regnancy  d isorders. All h ad  a p ositive  o r strong ly  p o sitive  I I F .  Listeria  monocytogenes 
could  be iso lated  b y  c u ltiv a tio n  of th e  cerv ico-vag inal ex u d ate , cereb ro sp in a l flu id  a n d  from  
th e  p lacen ta . A fte r one y e a r  and  m ore, these  m o th ers  con tinued  to  h av e  p ositive  I I F ,  p ro v in g  
t h a t  L . monocytogenes does n o t d isap p ea r from  in fec ted  persons, ev en  a f te r  a long -lastin g  
tre a tm e n t.

U nder th e  te rm  of “ la te n t lis teriosis”  we u n d e rs ta n d  a s ta te  of chronic 
in fec tion  b y  L isteria  monocytogenes o f a p p a re n tly  h e a lth y  m en and  w om en. 
T he infection is ev idenced b y  in d irec t im m unofluorescence  (IIF ) of a n ti-  
lis te ric  an tibod ies in  th e  b lood a t  levels above 300, or, in  w om en also b y  c u l
tu re s  of cervical secretions.

The diagnosis of la te n t  listeriosis b y  I I F  requ ires th e  use of an tigens 
t h a t  are to ta lly  G ram -positive  (100% ). These could e ith e r  be live lis te ria  or 
dev ita lized  lis te ria , ex tingu ished  by  m odera te  h e a t and  th e n  lyophilized. U p to  
th is  day  we consider th e  in d irec t im m unofluo rescen t tech n iq u e  th e  o n ly  
ad eq u a te  serological m ethod  for a reliab le diagnosis o f la te n t  listeriosis. T his 
w ork  wishes to  su rm o u n t th e  opposition  aga in st th e  I I F  serological d iagnostic  
o f  th e  la te n t listeriosis, if  L . monocytogenes c an n o t be iso la ted .

Case reports

Case 1. M rs L ., 36 years

1978. F irst p reg n an cy  w ith  a no rm al delivery .
1980. Second p reg n an cy . M iscarriage a t  m o n th  tw o.
1981. T hird  p reg n an cy . Surgical delivery  a t  m o n th  seven. Iso la tio n  of L. mono

cytogenes from  th e  m econium . Child p resen ts w ith  hydrocephalus a n d  
te trap leg ia . I t  ou tlived  u n d e r an tib io tics.

Ce c il io  R omana , Mo n iq u e  Sa ge
D e p a rtm e n t de S a n ita t,  G e n e ra li tä t  de C a ta lu n y a
A v e n id a  T ib idabo , 10, 08022 B arc e lo n a , S pain
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1988. F o u rth  p reg n an cy : I I F  positive a t  level 1200. A n tib io tic  th e ra p y  to  
th e  m other th ro u g h o u t the  en tire  p regnancy . B irth  o f a norm al child. 
I I F  negative.

Case 2. M rs M ., 25 years

1980. F irs t  p regnancy . P re m a tu re  de livery  a t  m onth  six. C hild dies a fte r  40 
day s; no m alfo rm atio n .

1983. L . monocytogenes fo u n d  in  cerv ical secretion . B y I I F  b o th  p a ren ts  posi
tiv e  at level 1200. A n tib io tic  th e ra p y  and  I IF  b lood level con tro l p rio r 
to  a new p reg n an cy .

1984. Second p reg n an cy  w ith  an tib io tics  u n til  delivery. N orm al delivery  of 
a h ea lthy  child . I I F  negative.

1988. I I F  again po sitiv e  a t  level 1200. In itia tio n  of an tib io tic  th e ra p y  p rio r 
to  a 3rd p reg n an cy .

Case 3. M rs M C., 40 years

1986. F irs t p reg n an cy : Surgical de livery  a t  m on th  seven  (fetal distress). 
L . monocytogenes in  am nio tic  flu id  an d  p lacen ta .

1987. I I F  contro l p o sitiv e  a t  2400. A n tib io tic  th e ra p y  p rio r to  a new  p reg n an cy .

Case 4. M rs A ., 30 years

1971. F irs t p reg n an cy : p rem a tu re  de livery  a t  m onth  6. Child dies tw o weeks 
la te r . A utopsy  rev ea ls  L . monocytogenes in  b ra in , liver an d  lungs.

1973. Second p reg n an cy : I I F  (-f-) 800; an tib io tic  th e ra p y . N orm al de livery  
of a child, w hich due to  in su ffic ien t an tib io tic  t r e a tm e n t of th e  m o th er 
suffers, a t  d ay  3, acu te  listeriosis ( I I F  -j- 1600). C om plete recovery  a fte r  
am picillin.

1977. T h ird  p reg n an cy : I I F  (A ) 1600. A d eq u a te  an tib io tic  tre a tm e n t. N orm al 
delivery. Child I I F  ( — ).

Case 5. M rs C., 23 years

F o u r pregnancies w ith  m iscarriages a t  m onths 3, 5, 2 an d  4. In  th e
la te s t  abortion  L . monocytogenes w as iso la ted  from  th e  chorionic v illi an d
p ro v e d  b y  feta l h is to p a th o lo g y . A t th is  tim e  the m o th e r’s I I F  was positive
a t  600.

C onclusions

(i) In  the  above described five cases of la te n t listeriosis, th e  iso lation  of 
L . monocytogenes co incided  w ith  a positive  serologic I I F  fin d in g , (ii) A positive 
I I F  t i tre , evidence o f  a la te n t  listeriosis, u sua lly  persists even  th ro u g h  a long 
la s tin g  tre a tm e n t, so th a t  each new  p reg n an cy  m ay  pose a new  problem .
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LATENT LISTERIOSIS MAY CAUSE HABITUAL 
ABORTION INTRAUTERIN DEATHS, FETAL 

MALFORMATIONS
WHEN DIAGNOSED AND TREATED ADEQUATELY 

NORMAL CHILDREN WILL BE BORN

C. R o m á n a , L. S a l l e r a s , an d  M o N IQ U E  SAGE

Sanita tion  D epartm ent, Barcelona, Sp a in

W e en d eav o u red  to  p rove la te n t  listeriosis (L L ), a  chronic an d  a sy m p to m a tic  in fec tio n , 
in  w om en w ho suffered from  re p ea te d  acc id en ts  in  th e ir  pregnancies. B y  th e  re d u c tio n  of 
im m une defences in  th e  p reg n an t w om an, th e  la te n t  infection  m ay  b re a k  o u t again , a ffec tin g  
th u s  th e  fe tu s  a n d  causing ab o rtio n , s tillb ir th s  o r m alfo rm ations. In  su ch  w om en th e  d iagnosis 
o f LL  is u rg e n t r ig h t from  th e  s ta r t  o f p reg n an cy , a n d  so is th e  a n tilis te ria  t re a tm e n t to  p ro te c t  
th e  fe tu s . A n tilis te ric  an tibodies a re  read ily  d e te c te d  b y  in d irect im m unofluorescence ( I IF ) ,  
using  live a n tig en  or an tigen  n o t in a c tiv a te d  b y  h ig h  tem p era tu res  o f in ad e q u a te  co n se rv a tio n , 
as is f req u e n t in  cu rre n tly  used  a g g lu tin a tio n  te s t  reac tiv es. O u t of th e  309 w om en, 207 h a d  a 
to ta l  of 334 a b o rtio n s , 67 p rem a tu re s , 75 s ti llb ir th s , 43 m alform ed liv in g  or dead  o ffsprings. 
H igh  p o s itiv ity  o f I I F  was th e  on ly  aetio logic d a te  to  explain  th ese  acc id en ts. T re a tm e n t o f 
new  p regnancies o f a  p a r t  of these  IIF -p o s itiv e  w om en led  to  b ir th  o f 152 n o rm al ch ild ren , 
n eg ativ e  b y  I I F  fo r listeriosis. T he search  fo r L L  a t  th e  onset of a n y  p reg n an cy , sam e as done 
in  various in fec tio n s (lues, toxoplasm osis, e tc .) is th ere fo re  w arm ly  recom m ended .

In  th is  s tu d y , still in  progress, we p ropose  to  p o in t o u t th e  lead ing  p a r t  
of chronic a sy m p to m a tic  la te n t  listeriosis in  w om en w ith  a h is to ry  of re p e a te d  
ab o rtions, p rem a tu re  new borns and  co n g en ita l m alfo rm ations.

L isteria  monocytogenes is a w idely sp re a d  b ac te riu m  th a t  occurs in  h u m an s 
an d  in  an im als, b o th  dom estic  and  silv a tic . M en and  w om en c a rry  i t  in  th e ir  
d igestive an d  g en ito -u rin a ry  system . D u rin g  pregnancy , w ith  low ered resis
tan ce , th e  in fec tion  m ay affect th e  fe tu s a n d  cause in tra u te r in e  d ea th  or m a l
fo rm atio n s. D iagnosis of la te n t  listeriosis is easy  and  re liab le , w hen done b y  
in d irec t im m unofluorescence, p rov ided  th a t  an  an tigen  is u sed , th a t  has n o t 
been deg raded  b y  procedures invo lv ing  th e  in ac tiv a tio n  or co n se rv a tio n  of 
th e  b ac te ria . U n fo rtu n a te ly  th e  com m ercia lly  available an tig en s a t  p re se n t 
do no t fu lfil th is  req u irem en t: due to  th e ir  in ad eq u a te  r e a c tiv ity  th e y  h av e  
m asked  up  to  now  th e  tru e  ex istence o f th is  infection. W e wish to  recall, 
t h a t  a lread y  in  1960 R a p p a p o rt pu b lish ed  in  L ancet a p a p e r  on “ G en ita l 
L isteriosis as a Cause of R ep ea ted  A b o rtio n s” . This p ap e r h as  p rac tica lly  b een  
fo rg o tten  a lth o u g h  th e  au th o rs  could iso la te  L . monocytogenes in  25 h a b itu a lly  
ab o rtin g  w om en. T here w ere tw o reasons fo r th is  obliv ion: (i) a d ifficu lty  to

Ce c il io  R o m a n a , L. Sa l l e r a s , Mo n io u e  Sa ge  
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discover the  b a c te r ia  in  th e  vag inal e x u d a te ; (ii) th e  u su a l n e g a tiv ity  of 
serology, generally  b a sed  on lab o ra to ry  te s ts  o f a g g lu tin a tio n .

As a consequence  specialists o f listeriosis d iscarded  th e  existence o f 
la te n t  listeriosis g iv in g  as an  a rg u m en t th e  failu re o f iso la tin g  th e  b a c te r ia  
a n d  th e  ap p a ren t absence  of an tilis teric  an tib o d ies  in  th e  b lood.

Clinical h istories

The 268 w om en  exam ined  b y  us h a d  th e  follow ing clinical h isto ries : 
334 abortions, 43 d e a d  p rem atu res, 22 alive p rem a tu re s , 75 in tra u te r in e  
d e a th s , 43 alive or d e a d  m alform ed new borns.

The m ost s tr ik in g  m alfo rm ations w ere in  the  an te c e d en t 53 ch ild ren : 
ca rd iopa th ies 10, h y d ro cep h a lu s  6, an en ch ep h a ly  4, po lycystic  k idneys 4, 
b if id  spine 3, m icro cep h a lia  2, m ultip les 5, ta lip es  equinus 2, a ch o n d ro p lasty  2, 
m e n ta l re ta rd a tio n  2, para lysis  3, ep ilepsy  1, cleft lip 1, b lindness 1, g en ito 
u r in a ry  2, o thers 5.

E xperim ental and conclusions

One of us (C. R .), hav ing  a long-tim e experience in  th e  ind irec t im m uno- 
fluo rescen t d iagnosis o f  toxoplasm osis decided  to  ap p ly  th e  sam e m eth o d  to  
th e  diagnosis of lis te rio sis , using live b a c te r ia  of L. monocytogenes as an  an tig en . 
T h e  resu lts were ex ce llen t and  from  here i t  w as only a sh o rt s tep  to  d iscover 
la te n t  listeriosis. L a te r , b y  im proving th e  an tig en , we perfo rm ed  th e  re a c tio n  
w ith  in ac tiv a ted  a n d  lyophilized  b ac te ria  whose an tig en ic  locations h ad  n o t 
b een  destroyed. T h e  resu lts  th a t  we p re se n t are based  on serological te s ts . 
W e wish to  stress, h ow ever, th a t  the  coincidence betw een  positive  lIF  reac tio n s 
a n d  th e  iso lation  o f L . monocytogenes in  v a rious cases d id  confirm  to  us th e  
v a lu e  of th is im m u n o flu o rescen t p rocedure.

The only ae tio log ic  find ing  in  th e  268 w om en exam ined  th a t  could  
ex p la in  the  acc id en ts  o f th e ir  pregnancies w as th e  e lev a ted  p o sitiv ity  of a n t i 
lis te ric  an tibodies. O n th e  o ther h an d , once an  an tilis te r ic  tre a tm e n t w as 
app lied  to  a g rea t n u m b e r  of these w om en , th e  b ir th  of 152 perfec tly  n o rm a l 
ch ild ren  was a t ta in e d , m ost o f w hom , i f  n o t all, w ere n eg a tiv e  for Listeria .
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HUMAN LISTERIOSIS IN FRANCE IN 1987

V é r o n i q u e  G o u l e t , E .  E s p a z e , I. B a s t i d e  a n d  I . R e b i e r e

N ational Health Laboratory , P aris , and N ational L isteria  Reference Centre, N antes ,
France

T he surveillance of h u m an  listeriosis is based  in  F ran ce  on la b o ra to r ie s ’ reports. F ro m  
1983 to  1986 th e  tre n d  show ed a s te ad y  increase of th e  n u m b er of cases rep o rted . The h ig h est 
an n u al incidence ra te  w as observed  in  1986 w ith  14.7 cases/m illion  p o p u la tio n . In  1987 less 
cases hav e  been rep o rted ; a b o u t h a lf  of th e  h u m an  s tra in s  w ere ty p ed  b y  th e  N ational Reference 
C entre of L isteriosis show ing th a t  62%  were 4b, 22%  w ere l /2 a  and 13%  w ere 1 /2 b . Since 1988, 
th e  surveillance of listeriosis is com puterized  using  a sy s tem  of m in ico m p u te r term inals (called 
M initel) linked v ia  a n a tio n a l te lephone  netw ork  to  a larg e  co m p u te r. T h e  70 m icrobiologists 
invo lved  in th is surveillance m u s t send, on a 24 h  basis, d a ta  as a soon as th ev  have a new  
iso late  o f Listeria monocytogenes in  th e ir  labo ra to ries. A n  in v es tig a tio n  (ty p in g  of the  s tra in s , 
case-contro l s tu d y ) is m ade for each  cluster detected .

B etw een 1983 to  1986, accord ing  to  th e  n o tif ic a tio n  o f iso la tes in cereb ro 
spinal flu id , h u m an  listeriosis seems to  have  increased  in  F ra n c e  [1]. The aim  
of th is  su rvey  is to  e v a lu a te  the  s itu a tio n  o f h u m an  listeriosis in F rance  
in  1987.

M aterials and m ethod s

Cases were id en tified  b y  th e  n o tifica tio n  of iso la ted  s tra in s  of L isteria  monocytogenes from  
m icrobiology labora to ries. A  questio n n a ire  was send to  th e  285 m icrob io log ists who had p a r tic 
ip a te d  a t  a sim ilar su rv ey  in  1984 [2].

P a tie n ts  w ere categorized  e ith e r as m a te rn a l/n e o n a ta l or a d u lt .  A m ate rn a l/n eo n a ta l 
case was defined as a case in  w hich  L . monocytogenes w as iso lated  fro m  a cu ltu re  of e ith e r a 
p reg n an t w om an or he r fe tu s  o r a n eo n ate . A m o th e r a n d  n eo n a te  p a ir w ere co u n ted  as one case. 
An a d u lt case was defined  as a  case in  w hich L . monocytogenes was iso la ted  from  a cu ltu re  o f 
som eone o th er th a n  a p re g n a n t w om an  or neonate .

R esu lts and d iscu ssion

A to ta l  o f 642 cases w ere rep o rted  b y  260 lab o ra to rie s  w hich rep resen t 
62%  m icrobiological h o sp ita l labora to ries an d  67%  of beds of acute-care 
hosp ita ls in  F rance . T he incidence ra te  is 11.6 cases/m illion  popu la tion . T his
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r a te  is lower th a n  th e  real one because  n o t all the F ren ch  hospita ls re p o rte d  
th e ir  cases. T hus th e  incidence can  he estim ated  as a ro u n d  17 case/m illion  
p o p u la tio n . C om paring  to  sim ilar s tu d ie s  perform ed in  1984 an d  1986, th e  
inc idence  ra te  is low er th a n  in  1986 a n d  seems sim ilar to  th a t  in  1984 [2].

The cases are  sp read  all over th e  c o u n try  (Fig. 1). To be able to  com pare 
a region to  a n o th e r, an e s tim a ted  incidence was ca lcu la ted  for each  area 
(F ig . 2). The inc idence  was e s tim a te d  ta k in g  in to  acco u n t th e  p a r tic ip a tio n  
r a te  of th e  lab o ra to rie s  in  th is  s tu d y . R egion  “ Ile de ï ’ra n c e ”  inc lud ing  Paris 
a n d  its  suburbs h as  th e  h ighest inc idence  ra te  (28 cases/m illion  p o p u la tio n ). 
T h e  w est of F ra n c e  w hich  w as know n to  h av e  a lo t of h u m a n  cases of listeriosis 
in  th e  970-75  [3] does n o t h av e , in  th is  survey , a h ig h er incidence ra te  th a n  
th e  o th e r regions.

The n u m b er o f cases reg is te red  as m a te rn o -n eo n a ta l w as 332. Iso la tions 
w ere  recorded  from  p re g n a n t w o m an  in  32% , from  m o th e rs  and  h e r bab ies 
in  2 2 % , and  from  n eona tes only  in  4 6 %  of the  cases. I n  p re g n a n t w om en, 
iso la tio n s were m ade from  blood c u ltu re  in  55% , from  p lacen ta  in  4 5 % , and  
fro m  ab o rtio n  p ro d u c ts  in  9%  o f th e  cases. In  neona tes, th e  m ost im p o r ta n t 
s ite s  of p ositive  cu ltu res  w ere b lood  (41% ) and  ce reb ro sp in a l flu id  (9% ).

P regnancies re su lted  in  fe ta l d e a th  (26% ) and  in  in fec ted  n eo n a te  (40% ). 
T h e  case fa ta l i ty  ra te  o f th e  neo n a tes  in fec ted  w ith  lis te rio sis  was 2 6 % .

A dults w ere rep resen ted  b y  310 cases. In  167 cases th e  m icrobiologist 
rev iew ed  th e  clin ical ch a rts  to  look fo r a predisposing illness. In  25%  o f those 
cases, no p red isposing  fac to r for possib le  im m unodefic iency  was fo u n d . In  the  
126 o th e r cases, som e p a tie n ts  h ad  m ore th a n  one p red isposing  illness b u t 
o n ly  the  fac to r th a t  seem ed th e  m o st im p o rta n t for im m u n o d efic ien cy  was 
ta k e n  in to  acco u n t: cancer 67, liv e r diseases 27, d iabetes 9, o rgan  t r a n s p la n ts  7,

Fig. 1. H u m a n  listeriosis in  F ran ce  (1987); geographical d is tr ib u tio n  of re p o rte d
cases
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Fig. 2. H u m an  listeriosis in  F ran ce  (1987); geographical d is tr ib u tio n  of e stim a ted  incidence
ra te

g as tro in te s tin a l diseases 6, h e a r t d iseases 6, se ro p o sitiv ity  to  H . I. У. v iru s 4. 
In  4 0 %  of all a d u lt cases iso lates cam e from  cereb rosp inal flu id  an d  in  53%  
on ly  from  blood cu ltu res.

T he overall m o rta lity  ra te  w as 35% . This ra te  is low er in  th e  g roup  of 
p a tie n ts  having  no p red isposing  illness (22%  as co m p ared  to  46%  in  th e  
o th e r g roup; p <[ 0.02).

T he m o n th ly  d is tr ib u tio n  show s tw o sm all peaks o f  listeriosis in  M ay 
an d  O ctober (Fig. 3). The m a te rn o -n eo n a ta l curve is s im ila r to  the  to ta l  cases 
cu rve . I t  seems th a t  each  p eak  is m a in ly  due to  th e  increase  o f th e  m atern o - 
n e o n a ta l cases. The ad u lts  cases are less va riab le  from  one m o n th  to  a n o th e r. 
This fa c t was show n in  p rev ious s tud ies m ade in  T ran ce  p4}.

T he group of 384 s tra in s  of L. monocytogenes was re p o rte d : 63%  group  4; 
37%  group  1; 269 s tra in s  of th is  s tu d y  w ere send to  th e  N a tio n a l C entre of 
R eference (Professor C ourtieu , N an tes) to  be ty p ed . T he m o st freq u en t serovar 
is 4b (66% ), followed b y  l/2 a  (20% ) a n d  l/2 b  (12% ); 3 s tra in s  belonged to  
g roup  3. The d is trib u tio n  of th e  se rovars is the  sam e fo r th e  ad u lts  an d  for 
th e  m a te rn o -n eo n a ta l cases.
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F ig . 3. H um an  liste rio sis in  F ra n c e ; m o n th ly  d is tr ib u tio n  in  1987. ---------- to ta l  c a s e s ; ..............
a d u lt  cases; — — — — — m ate rn a l-n eo n a ta l cases

Sum m arizing, 642 cases were rep o rted  b y  F ren ch  h o sp ita l labo ra to ries 
in  1987. No epidem ic seem s to  have occurred  during  th e  y ea r. Since food has 
b e e n  incrim inated  in  few  o u tb reak s recen tly , i t  seems im p o r ta n t  to  be ab le 
to  in v estig a te  each  o u tb re a k . In  F ran ce  th e  surveillance o f listeriosis is m ade 
m a in ly  by the N a tio n a l C entre of L isteriosis, and  in  som e cases, repo rts  are 
m a d e  b y  physicians to  th e  D is tric t H e a lth  Office w hen  th e y  h av e  an  unu su a l 
n u m b e r  of cases. S ince J a n u a ry  1988, a system  based  on lab o ra to rie s  rep o rts  
th ro u g h  a n a tio n a l c o m p u te r  ne tw o rk  have s ta r te d  to  d e te c t listeriosis clusters 
as soon as possible. I f  a c lu ste r is d e tec ted  b y  th e  surveillance , an  epidem iolo
g ica l investiga tion  is perfo rm ed . The p a tie n ts  are questio n n ed  on th e ir  h ab its  
a n d  usual food p u rch ases . T he s tra in  of Listeria  are sen t to  be phage-typed . 
I f  th e  stra ins cannot] he d istingu ished  b y  p h ag e-ty p in g , a case-con tro l s tu d y  
is m ad e  w ith  a n o th e r  qu estio n n a ire . I f  th e  sam e food is in c rim in a te d  in  several 
cases, investiga tion  is perfo rm ed  by  th e  v e te r in a ry  a u th o ritie s .
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3. GENETICS

A GENETIC APPROACH TO DEMONSTRATE THE 
ROLE OF LISTERIOLYSIN О IN THE VIRULENCE 

OF LISTERIA MONOCYTOGENES

J .  M e n g a u d , M a r i a  F r a n c i s k a  V i c e n t e , J . C h e n e v e r t , C. G e o f f r o y , 

F .  B a q u e r o , J . С. P e r e z - D i a z  and  P .  C o s s a r t

Unit of Microbial Engineering and Unit of Bacterial Antigens, Institute Pasteur, 
Paris, France, and Microbiology Service, Ramon Y  Cajal Hospital, Madrid, Spain

The locus of in se rtio n  of a tran sp o so n  p rev iously  used  to  o b ta in  a non-haem oly tic  
a v iru le n t  m u ta n t w as id en tified : i t  is th e  s tru c tu ra l gene encoding lisrerio lysin  O, th e  th io l- 
d e p en d e n t haem olysin , now  called hlyA. T h e  gene was com plete ly  sequenced . The p re lim inary  
s t ru c tu ra l  and fu n c tio n al s tu d y  of th e  chrom osom al region co n ta in ing  th e  gene ind ica tes th a t  
hly A  belongs to a m onocistron ic  tran sc rip tio n a l u n it. I f  i t  is th e  case, th e  tran sp o so n  in se rtio n  
w o u ld  have  no m ajo r p o la r  effect on d o w n stream  genes an d  w ould o n ly  a ffec t hlyA expression . 
T h ese  resu lts  em phasize th e  im p o rtan ce  o f th e  haem olysin  in  th e  v iru len ce  of Listeria mono
cytogenes.

Listeria monocytogenes is a G ram -positive b ac te riu m  w hich  belongs to  
th e  non  spo ru la ting  c lostrid ia  group  [1]. I t  is a facu lta tiv e  in trace llu la r pa rasite  
t h a t  m ultiplies in  h u m an  and  an im al m acrophages an d  a v a rie ty  of cell 
lines [2-5]. Since th e  p ioneering w ork  of M ackaness [6], m u rin e  in fection  by  
L . monocytogenes has been an  excellen t m odel for s tud ies of cell-m ediated  
im m u n ity . The p u rp o se  of th is  f ir s t  p a r t  of th e  in tro d u c tio n  is to  em phasize 
t h a t  L . monocytogenes has also becom e a m odel for genetic  s tud ies of b ac te ria l 
v iru lence  d e te rm in an ts  of in trace llu la r pa thogens.

F irs t, L. monocytogenes is n o t too  pa thogen ic : i t  is an  o p p o rtun istic  
b a c te r iu m  w hich essen tia lly  affects im m unocom prom ised  people  an d  p reg n an t 
w om en. Therefore, i t  can  be m an ip u la ted  in  th e  la b o ra to ry  w ith o u t ex trem e 
se c u rity  conditions, w hich  is no t th e  case, for exam ple, o f pa thogen ic  m yco
b a c te ria .

The second in te re s tin g  p ro p e rty  of Listeria  is th a t  i t  is a fa s t grow ing
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b ac te riu m  as colonies grow  on agar p la tes in  less th a n  tw o  days. This im plies 
t h a t  genetics is as easily  perfo rm ed  th a n  in  Escherichia coli.

The th ird  a d v a n ta g e  is th a t  genetic  tools are now  av a ilab le  to  s tu d y  th e  
L isteria  genome. C o n ju g a tiv e  transposons such as T n  1545 [7] or T n 9 I6  18], 
o rig inally  iden tified  in  strep tococci, can  be used to  ta rg e t  genes in  th e  Listeria  
chrom osom e. C on ju g a tio n  im plies close co n tac t, on a filte r , betw een  cells 
c a rry in g  the  tran sp o so n  an d  recip ien t cells. By a so fa r  u n id en tified  m echa
n ism , the  transposon  excises from  th e  donor and  tran sfe rs  i tse lf  to  th e  recip ien t 
w h ere  it  gets in se rted  anyw here in  th e  genom e. T hen  a good iden tifica tion  
sy s te m  is needed to  d e te c t th e  m u ta n ts  of in te rest. A n o th e r genetic tool 
av a ilab le  is tra n s fo rm a tio n  [9]. A fter p ro to p la s t fo rm a tio n , cells are tr a n s 
fo rm ed  w ith p lasm id  D N A  in  presence of po lyethy leneg lyco l. A lte rna tive ly , 
i t  is now possible to  e lec tro p o ra te  th e  p ro to p lasts . P lasm id s able to  rep licate  
in  Listeria , and  th e re fo re  s ta b ly  m a in ta in ed , are tho se  ab le to  rep licate  in 
B acillus  for exam ple, pM K 4, a sh u ttle  v ec to r able to  rep lica te  in  E . coli and  
B acillus subtilis, as i t  is a h y b rid  of pU C8 and  pC194 [10]. O ther plasm ids 
c a n  be used which p re se n t d ifferent ad v an tag es, for exam ple , pT V l which 
carries  transposon  T n 9 I7  [11]. This p lasm id  can he in tro d u ced  in  Listeria  in 
a f ir s t  step by  tra n s fo rm a tio n . Since th is  plasm id has a te m p e ra tu re  sensitive 
rep lica tio n  origin, a f te r  ra ising  the  te m p e ra tu re , i t  is possible to  select for 
in se r tio n  of the  tra n sp o so n  in  th e  chrom osom e b y  ta k in g  ad v an tag e  of the  
d ru g  resistance m a rk e r  ca rried  b y  th e  tran sp o so n . This p lasm id  is th u s  an o th er 
to o l to  ta rg e t genes in  th e  chrom osom e. C onjugation  can  also be perform ed 
b e tw een  E. coli an d  L isteria  to  in tro d u ce  plasm ids in  L isteria , by  use of the 
re c e n tly  developed co n ju g a tiv e  p lasm id  pAT187 [12].

F inally , L isteria  ap p ears  as a good m odel to  s tu d y  th e  v iru lence  factors 
o f in trace llu la r p a th o g e n s  as th e  in trav en o u s  or in tra p e rito n e a l m urine  infec
t io n  is a good an im a l m odel: indeed, lesions in  h u m an s an d  mice are very  
sim ila r. A nother m odel, th e  “ S prague-D aw ley  r a t”  is also used.

The firs t v iru lence  fac to r w hich has been suspec ted  is th e  haem olysin. 
T h e  s ta rtin g  o b se rv a tio n  w as th a t  all clinical iso lates w ere haem oly tic  and  
t h a t  all non-haem oly tic  Listeria  were av iru len t in  th e  an im a l m odel. The firs t 
g en e tic  step to  e v a lu a te  the role of th e  haem olysin  was p erfo rm ed  b y  G aillard 
e t  al. [13]: it  was show n th a t  a single copy  of tran sp o so n  T n 1545 in serted  in  
th e  genom e could abolish  b o th  haem olysin  p rodu c tio n  an d  v iru lence. A re v e rta n t 
o b ta in ed  b y  excision o f th e  tran sp o so n  recovered h aem o ly tic  p h en o ty p e  and  
v iru lence . These re su lts  suggested  th a t  th e  tran sp o so n  h a d  in se rted  w ith in  
th e  s tru c tu ra l gene o f  listerio lysin  0  or w ith in  a gene a ffec ting  expression of 
haem olysin , e ith e r b y  a p o la r (insertion  in  an  ad jacen t gene) or a reg u la to ry  
e ffec t (insertion in  a re g u la to ry  gene).

In  th is p ap er, we p resen t th e  id en tifica tio n  of th e  gene coding for the  
S H -ac tiv a ted  haem o ly sin  as th e  locus of in sertion  o f th e  tran sp o so n  [14],
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th e  com plete sequence of th is  gene called  hlyA  and  th e  ch a rac te ris tic  fea tu re  
of th e  encoded p ro te in  [15], and  a p re lim inary  s tru c tu ra l and  fu n c tiona l 
descrip tion  of th e  chrom osom al reg ion  w hich argues in  fav o u r of a crucial role 
of listerio lysin  О in v iru lence.

R esults

In  cu ltu re  su p e rn a ta n ts  of th e  T n l5 4 5 -in d u ced  n o n -haem oly tic  m u ta n t 
o f L . monocytogenes, hy  im m u n o h lo ttin g  w ith  an an ti-se ru m  raised  against 
p u rified  listerio lysin  O, we have  d e te c te d  the  presence o f a tru n c a te d  p ro te in  
of 52 kD a (the secreted  lis terio lysin  О is 60 kD a). T h is w as a f irs t in d ica tion  
th a t  th e  transposon  w as in serted  in  th e  s tru c tu ra l gene. In  ad d itio n , b y  tak in g  
a d v a n ta g e  of th e  k an am y c in  resis tan ce  gene carried  b y  th e  tran sp o so n , we 
cloned and  sequenced th e  D N A  reg ion  corresponding  to  th e  locus o f insertion . 
The tran sp o so n  h ad  in se rted  in  an  open  read ing  fram e. T he hom ologies d e tec ted  
betw een  th e  am ino acid sequence encoded  b y  th is  O R F , s trep to ly s in  О and  
pneum olysin  d em o n stra ted  th a t  th e  tran sp o so n  had  ind eed  in te r ru p te d  the  
lis terio lysin  О gene [14].

W e th en  used th e  cloned fra g m e n t to  id en tify  in  a cosinid prev iously  
iso la ted  [16], th e  D N A  frag m en t co n ta in in g  th e  com plete  gene. As show n hy  
im m u n o h lo ttin g  of th e  ce llu lar e x tra c ts  of E. coli c a rry in g  th e  cosm id, the  
gene is indeed expressed  in  E . coli u n d e r its  own p ro m o te r. The gene was 
sequenced . I t  codes for a p ro te in  of 529 am ino-acids w h ich  share  s tro n g  hom ol
ogies w ith  strep to ly sin  О an d  pneu m o ly sin  [17] (Fig. l ) .T h is  confirm s prev ious 
observa tions th a t  all S H -a c tiv a te d  haem olysins cross-react. These cy to lysins 
are  ch arac terised  b y  th e  fa c t th a t  th e y  b in d  to  cholestero l an d  are in a c tiv a te d  
b y  th io l a lk y la tin g  agen ts [18, 19]. I t  is in te restin g  to  n o te  th a t  th e  th ree  
p ro te in s  share th e  s tro n g est hom ology in  an  eleven am ino-acid  p ep tid e  w hich 
co n ta in s th e  un ique cysteine of each  o f th e  th ree  p ro te in s  an d  th a t  th e  tr a n s 
poson, in  th e  m u ta n t, w as in se rted  ju s t  before the  reg ion  coding for th is  p ro b 
ab ly  essen tia l pep tide .

Does th e  tran sp o so n  have an y  effect on o ther genes or is th e  in a c tiv a tio n  
of th e  listerio lysin  О gene h y  itse lf  responsib le  for the  av iru lence  of th e  m u ta n t ? 
To answ er th is  question  we f irs t ex am in ed  the  s tru c tu re  o f th e  region c o n ta in 
ing  th e  gene. As th e  o rig inal cosm id  con ta ined  som e rea rran g em en ts , a 
3.7 kilobases B a m ï l ï  f rag m en t w as rec loned  in  pUC8 a n d  id en tified  b y  colony 
h y b rid iza tio n . T he to ta l  sequence o f  th e  in se rt was d e te rm in ed  (d a ta  no t 
show n): h lyA  is follow ed b y  an  o th e r gene located  340 b asepa irs  dow nstream  
from  it .  T here is no know n operon h av in g  such a long in tergen ic  region. In  
a d d itio n , dow nstream  from  th e  h lyA  gene a t  a d istance  of 50 basepairs , we 
could d e tec t a s tru c tu re  w hich has a ll th e  fea tu res o f know n te rm in a to rs  
o f tran sc rip tio n . U p stream  from  h ly A , we detec ted  a n  open  read in g  fram e
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F ig . 1. A lignm ent o f lis te rio ly s in  O (LLO ), s trep to ly s in  O (SLO), an d  pneum olysin  (PL Y ). 
Id e n tic a l am ino-acids p re se n t in  tw o or th ree  sequences h av e  been  b o x ed . N u m b ers refer to  

am ino  acid coord inates in  th e  sequence
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tran sc rib ed  in  th e  o th e r d irec tion . The d istance o f h y lA  to  th e  p u ta tiv e  tr a n s 
la tio n  in itia tio n  codon of th e  u p stream  gene is 240 basepairs. These d a ta  
in d ica te  th a t  h lyA  p ro b ab ly  belongs to  a m onocistron ic  tra n sc rip tio n  u n it 
a n d  is th e  only  gene tran sc rib ed  from  its  own p ro m o te r.

To d em o n stra te  th is  h y p o thesis , th e  p ro m o te r reg ion  of h lyA  w as loca
lized  b y  classical tech n iq u es of SI nuclease m ap p in g  an d  p rim er ex tension . 
These techn iques involve p re p a ra tio n  of m essenger R N A s: in  p re lim inary  
experim en ts, R N A s were p rep a red  from  exp o n en tia l cu ltu res (to  be rep o rted  
elsew here). U nder those cond itions, th e  un ique  p ro m o te r  region is located  
150 basepairs u p s tream  from  th e  ATG in itia tio n  codon of h lyA . B y n o rth e rn  
b lo t analysis, we could show  th a t  th e  size of th e  R N A  tra n sc r ip t corresponds 
ex ac tly  to  th e  size of th e  gene: th e  R N A  s ta r tin g  a t  th e  h lyA  p ro m o te r is 
te rm in a tin g  ju s t  a f te r  th e  gene. These p re lim in ary  resu lts  in d ica te  th a t  th e  
haem olysin  gene belongs to  a m onocistronic u n it.

Conclusions

W e have show n th a t  a tran sp o so n  affecting  th e  v iru lence of L . mono
cytogenes h ad  in te r ru p te d  h lyA , th e  s tru c tu ra l gene coding for th e  S H -ac tiv a ted  
haem o ly sin , now  called listerio lysin  О [14]. T he gene w as th e n  com pletely  
sequenced [15]. This is th e  f irs t gene to  be sequenced  in  Listeria. I ts  GC 
co n ten t was in  com plete  ag reem en t w ith  th e  ca lcu la ted  values [20]. The p re 
lim in ary  resu lts  o f th e  s tru c tu ra l and  functional s tu d y  of th e  chrom osom ic 
reg ion  co n ta in in g  h lyA  argue th a t  th e  Tn 1545 in se rtio n  h ad  p ro b ab ly  no 
m ajo r po lar effect on a d jacen t genes as th e  lis te rio ly sin  О gene seems to  
belong to  a m onocistron ic  u n it. E xperim en ts  are  in progress to  exam ine th is  
aspect m ore carefully . I f  these  resu lts  are con firm ed , th e  tran sp o so n  in sertion  
w ould only  have affected  th e  expression of lis te rio ly sin  O, therefo re  dem on
s tra tin g  its  c rucial role in  v iru lence.
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ISOLATION AND CHARACTERIZATION OF 
GENES CODING FOR PROTEINS INVOLVED IN 

THE CYTOLYSIS BY LISTERIA IV A N O V II

A. H a a s , J .  K r e f t  and W .  G o e b e l

Institu te  o f Genetics and M icrobiology, U niversity o f  W ürzburg, W ürzburg, FRG

W e estab lished  a l ib ra ry  of chrom osom al DN A  of Listeria ivanovii in  th e  pT Z19R  p las
m id  sy s tem , using Escherichia coli D H 5 alp h a  as th e  host. One re co m b in a n t clone reac ted  
s tro n g ly  w ith  a polyclonal an tise ru m  ra ised  ag a in st th e  lis te rio ly s in  О an d  a second exopro te in  
(24kD a) o f L . ivanovii, w hich  is m o st p ro b a b ly  also involved  in c y to ly tic  processes. T he recom 
b in a n t E . coli clone m ay  co n ta in  p a r t  o f th e  listerio lysin  О gene of L . ivanovii.

A nalysis of b ac te ria l cy to lysin s b y  genetic m an ip u la tio n  is of special 
in te re s t because th e  genes encod ing  cy to ly tic  fac to rs can  be rem oved  from  
th e ir  n a tu ra l genetic b ack g ro u n d  an d  tran sfe rred  to  a d iffe ren t one, e.g., 
an  Escherichia coli cell. T hus, d e ta iled  biochem ical analysis becom es possible. 
H ere we p resen t a s tu d y  using m eth o d s of m olecular b io logy  to  iso la te  genes 
coding for cy to ly tic  fac to rs of th e  s tro n g ly  h aem oly tic  Listeria  ivanovii.

M aterials and  m ethods

Bacteria. L . ivanovii s tra in  SLCC 2379 an d  E . coli s tra in  D H 5 alp h a  w ere used.
Iso la tion  o f  chromosomal D N A  o fL .  ivanovii has been carried  o u t acco rd ing  to  [1] w ith  

som e m in o r m odifications.
Iso la tion  o f  p la sm id -D N A .  L arge scale p lasm id -p rep a ra tio n  a n d  cesium  chloride  density - 

g ra d ie n t c en trifu g a tio n  w as perfo rm ed  as described in  [2], w ith  a n  a d d itio n a l p ro te inase  and  
R N ase  tre a tm e n t a fte r  a lka line  lysis. Sm all scale p lasm id  iso la tion  w as p e rfo rm ed  according 
to  [3].

D N A -liga tions, digestions w ith restrictions enzymes, D N A /D N A -h yb r id iza tio n s , form ation  
o f  complètent cells were perfo rm ed  as desc rib ed  in  [2]. F o r D N A /D N A -h y b rid iza tio n  assays th e  
n itrocellu lose  was in cu b a ted  in  h y b rid iza tio n  b u ffer for 2 h  a t  50 °C, th e  d e n a tu red  UN A  probe 
was ad d ed , and  th e  n itrocellu lose  in cu b a te d  ov ern ig h t a t  50 °C. T he f i l te r  was w ashed tw ice 
w ith  5 X SSC /0.1%  SDS a t  40 °C for 20 m in  each . Following au to ra d io g ra p h y , th e  n itrocellulose 
was w ashed  again  w ith  1 X SSC /0.1%  SD S a t  40 °C for tw ice 20 m in  and  again  used for a u to 
rad io g rap h y . DNA was labe lled  using  th e  B oehringcr M annheim  ra n d o m  p rim ed  labelling  k it.

Screening o f the library  has been pe rfo rm ed  according to  [4] u sin g  a po lyclonal an tise ru m  
ra ised  in  ra b b its  against a m ix tu re  of 58kD a (LLO ) and  24kD a p ro te in s  o f  L . ivanovii (d ilu tion  
of th e  an tise ru m  1 : 1000). T he 24kD a p ro te in  со-purified  by  th io d isu lfid e  exchange ch ro m a
to g rap h y  of cu ltu re  su p e rn a ta n ts  o f L . ivanovii and  could n o t be se p a ra ted  from  th e  LLO 
u n d e r n a tiv e  conditions.

A l b e r t  H a a s , J ü r g e n  K r e f t , W e r n e r  G o e b e l
In s t i tu te  o f  G enetics an d  M icrobiology, U n iv e rs ity  o f  W ü rz b u rg
R ö n tg e n rin g  11, D -8700 W ü rz b u rg , F R G
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Im m uno (W estern -) Blots were p e rfo rm ed  as described in  [5] using  a n  an ti-SL O -serum  
(generous gift of D r. J .  A louf, P a ris: C harge 94) or an ti-L L O -serum  (as described  above), a t 
a  d ilu tio n  of 1 : 1090 a n d  1 : 100, re sp ec tive ly . To reduce non-specific  b in d in g , all sera were 
p re ad so rb e d  to cellu lar ly sa te s  o f E . coli D H 5 a lp h a  h a rb o u rin g  th e  pT Z 19R  p lasm id  w ith o u t 
a  D N A  insert.

Haemolytic assays. C ellular ly sa te s  o f E . coli w ere f irs t  tre a te d  w ith  10 ш м  d ith io th re ito l 
d u r in g  15 min a t 37 °C. T h e n  th e y  w ere in cu b a ted  w ith  1%  e ry th ro c y te s  in  ph o sp h a te-b u ffe red  
sa lin e  (pH  6.0) a t  37 °C fo r 30 m in  and  centrifuged. In  th e  s u p e rn a ta n t, haem olysis was 
m easu red  sp ec tro p h o to m etrica lly  a t  543 nm .

R esults

A to ta l o f 4500 reco m b in an t E . coli clones w ere o b ta in e d  b y  lig a tion  of 
S au3A  partia lly  d ig es ted  L . ivanovii chrom osom al D N A  in to  th e  B am H I 
d ig ested  vector pT Z 1 9 R  and  su b seq u en t tran sfo rm a tio n  in to  E . coli D H Salpha. 
A m pic illin -resistan t E . coli tra n sfo rm a n ts  were f irs t p h en o ty p ica lly  screened 
fo r  a Listeria D N A  in s e r t  b y  colour reac tio n  of LB ag a r co n ta in in g  0.2 т м  
IP T G  and 40 mg/1 X -G al (reco m b in an t E . coli-clones a p p e a r colourless [2]). 
F ifty -o n e  of th ese  clones were ran d o m ly  chosen for in se rt D N A  size analysis. 
T h e  m olecular w e ig h t o f Listeria  in se rt D N A  v aried  from  0.3 kb  to  12.0 kb, 
w ith  an average o f 3.9 kb .

I f  one p resupposes th a t  th e  chrom osom e of L . ivanovii is of ab o u t th e  
sam e  size as th e  E . coli chrom osom e, and  th a t  all D N A  frag m en ts  are liga ted

42F7

«

«

#•

X 1  66G4

98E4 8A5 22G7 pTZ19R

F ig . 1. D ot-blot im m u n o assay : cellu lar ly sa te s  o f those  re co m b in a n t E . coli-clones w hich 
re a c te d  strongly in  th e  co lony-im m unob lo t were d o tte d  on to  n itrocellu lose. T he antigenic 
p ro te in s  were d e te c te d  w ith  an ti-L L O -serum  (1 : 1000), follow ed b y  v isu a liza tio n  of p rim ary  
a n tib o d y  binding b y  a second, perox idase  con ju g a ted  sw in e -an ti-rab b it-an tib o d y  (1 : 1000). 

“ p T Z 1 9 R ”  m arks th e  negative  con tro l
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Fig. 2. W es te rn -b lo t im m u n o assay  using  an ti-L L O -serum , v isu a liz a tio n  as in  F ig . 1. L an e  1: 
cu ltu re  su p e rn a ta n t of L . ivanovii;  lane 2: cellu lar ly sa te  o f E . coli D H 5 alp h a  (pT Z19R ); lanes 
3 and  4: ce llu la r ly sa te  of E . coli 2E1. T he p ro te ins w ere p ro b ed  w ith  a n  an ti-L L O -serum  (lanes 

1, 2 and 3 a t  a d ilu tion  of 1 : 1000, lane  4 a t  1 : 100)

an d  s tab ly  tran sfo rm ed  w ith  the  sam e freq u en cy , th e n  th e  p ro b ab ility  th a t  
an y  gene is included  in  th e  lib ra ry  is 98%  [6].

O ut o f th e  4500 reco m b in an t E . coli clones 9 w ere s trong ly  positive in  
th e  co lony-b lo t im m unoassay  w ith  an ti-L L O -serum . U sing a d o t-b lo t im m u n o 
assay  of ce llu lar lysa tes o f these  9 reco m b in an ts , one clone rem ained  s tro n g ly  
positive (Fig. 1). This E . coli clone was called % 2E 1.

In  a W este rn -b lo t assay  using the  an ti-L L O -se ru m  (described in th e  
m ethods section), 3 p ro te in s  were d e tec ted  in  cellu lar ly sa tes  of ^ф2Е1 w hich 
reac ted  im m unologically , hav in g  m olecular w eights of 34.0, 31.5 and  28.5 kD a, 
respec tive ly  (F ig. 2, lan e  4). U sing th e  an ti-L L O -serum  a t a d ilu tio n  
1 : 1000, on ly  one of these  p ro te in s (hav ing  a m olecular w eight of 31.5 kD a) 
was d e tec ted  (F ig . 1, lane  3). The 34.0 kD a p ro te in  seem s to  be th e  p rim ary  
gene p ro d u c t, and  bo th  o th e r p ro teins m ay  be d eg rad a tio n  p ro d u c ts , as 
pro teo lysis o f reco m b in an t p ro te in s  occurs r a th e r  o ften  in  E . coli [7]. S u r
prising ly , none o f these p ro te in s  reacted  im m unolog ically  in a W estern -b lo t 
analysis w ith  an ti-s trep to ly s in  O (SLO-) serum , b u t  th e re  was a reac tio n  w ith  
a n o th e r p ro te in  hav ing  a m olecular w eight of 24. O m kD a.

The L isteria-D N A  in se r t of % 2E 1 is 4.5 kb and  hybrid izes w ith  th ree  
d is tin c t frag m en ts  of L . ivanovii chrom osom al D N A  digested  w ith  E co R I 
(1.3 kh , 5.4 k b  an d  7.0 k b  m olecular w eight, respective ly ). I t  also hybrid izes 
w ith  ch rom osom al D N A  from  L. monocytogenes l /2 a  E G D , digested  w ith  
E c o R I an d  H in d  I I I  (m olecular w eights of 2.4 kb  and  2.65 k h , respectively  [8].

C ellular ly sa tes  of % 2E 1  do n o t show  enhanced  haem oly tic  a c tiv ity  
com pared  w ith  a v ec to r-co n ta in in g  s tra in  o f E . coli D H 5 alp h a . This re su lt 
w as also found  a fte r p re in cu b a tio n  of th e  ly sa tes in  10 т м  d ith io th re ito l, 
w hich elevates th e  h aem oly tic  p o ten tia l of listerio lysin  О [9].
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D iscussion

I t  has been show n in th is  w ork  th a t  it  is possible to  c o n s tru c t a gene 
l ib ra ry  of L . ivanovii chrom osom al D N A  in  th e  pT Z19R  p lasm id  system . 
W e used  th is  v ec to r  because th e re  is evidence th a t  in  such a sy stem  a h igher 
s ta b il i ty  of Listeria  D N A  in se rts  is ach ieved  com pared  w ith  lam b d a  phage 
a n d  cosm id cloning system s. F u rth e rm o re , ch a rac te riza tio n  of th e  cloned DNA 
a n d  its  gene p ro d u c t(s) is m uch sim plified .

The E . coli-clone ф)=2Е1 h a rb o u rs  a 4.5 kb  Listeria  D N A  in se rt in  th e  
pT Z 19R  vector. T his E . coli clone reac ts  s tro n g ly  w ith  th e  an ti-L L O -serum , 
w h ich  has been p rep ared  by  im m uniz ing  ra b b its  w ith lis te rio ly sin  О and 
a  24 kD a-p ro te in  of L . ivanovii. W e suggest th a t  th e  24 k D a-p ro te in  is m ost 
p ro b a b ly  involved  in  th e  reg u la tio n  of cy to ly tic  processes or is a cy to lysin  
itse lf . The 24 k D a-p ro te in  b inds to  e ry th ro c y te  m em branes an d  stud ies w ith  
tra n sp o so n  m u ta n ts  of L. ivanovii revealed  th a t  it  m ay be reg u la ted  in  a 
co o rd in a ted  fash ion  w ith  th e  sph ingom yelinase and /o r lec ith in ase  genes. 
A p p a re n tly , a p rim a ry  gene p ro d u c t, hav in g  a m olecular w eigh t of 34.0 k D a, 
is expressed  in  ф]г2Е1 from  th e  in se rted  Listeria  DNA. T he gene for th e  24.0 
k D a -p ro te in  c an n o t encode a p ro te in  of th is  m olecular w eigh t, n e ith e r  as 
a p ro te in  hav ing  a signal sequence fo r tra n sp o r t , nor as a fusion p ro te in  w ith  
th e  v e c to r’s be ta -g a lac to sid ase .

Therefore, we suggest th a t  th e  reco m b in an t L. ivanovii D N A  in  ф(=2Е1 
consists  a t  leas t p a r tia lly  of th e  genetic  in fo rm ation  co rrespond ing  to  th e  
am in o  te rm in a l p a r t  of lis terio ly sin  О of L . ivanovii. This Listeria  D N A  fra g 
m e n t a p p a re n tly  b ea rs  its  own tra n sc r ip tio n  an d  tra n s la tio n  signals, because 
th e  p a r tia l gene is expressed  in E . coli w ith o u t induc tio n  o f tra n sc rip tio n . 
O f course, we c a n n o t exclude th e  possib ility  th a t  th ere  ex is ts  a p ro te in  in 
L . ivanovii w hich cross-reacts w ith  th e  an ti-L L O -serum  used in  our s tud ies 
a n d  which is on ly  s ligh tly  expressed  in L . ivanovii, b u t w hich , upon  cloning 
in to  a m u lti-copy-p lasm id , such as pT Z 19R , is expressed a t  high levels in  
E . coli. Such a gene p ro d u c t w ould th e n  be d e tec ted  by  th e  co lony-im m uno
assay . One can sp ecu la te  th a t  th e  epitope(s) of listerio lysin  О reac tin g  w ith  
th e  an ti-S L O -serum  lie(s) w ith in  th e  carb o x y te rm in a l p a r t  o f th e  p ro te in . 
T h is suggestion is su p p o rted  by  th e  fac t th a t  am ino acid sequence com parisons 
b e tw een  th e  S H -a c tiv a te d  cy to lysins reveal sign ifican t hom ologies on ly  in 
th e  ca rb o x y te rm in a l p a r t  of these  p ro te in s  [10]. This reg ion  is, accord ing  
to  our hypo thesis, n o t expressed  in  E . coli ф(:2Е1 an d  th e re fo re  no cross
re a c tio n  of th e  reco m b in an t p ro te in  from  th is  p a rtia l gene w ith  an ti-S L O - 
se ru m  w ould be expected .

The reco m b in an t 24 k D a-p ro te in  w hich is expressed in  ф(=2Е1 and  w hich 
cross-reacts  im m unolog ica lly  w ith  th e  an ti-SL O -serum  used  in  our ex p e ri
m e n ts  is m ost p ro b a b ly  th e  p ro d u c t of a n o th e r gene ly ing  w ith in  th e  Listeria
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D N A  insert o f th is  reco m b in an t p lasm id . F u r th e r  c h a ra c te riz a tio n  will revea l 
i f  th e  pro te ins re a c tin g  im m unologically  w ith  an ti-L L O -se ru m  are re la ted  to  
th e  listerio lysin  О o f L . ivanovii.
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PURIFICATION AND CHARACTERIZATION OF 
CYTOLYSINS FROM LISTERIA MONOCYTOGENES 

SEROVAR 4b AND LISTERIA IV A N O VII

J .  K r e f t , D. F u n k e , R . S c h l e s i n g e r , F .  L o t t s p e i c h  a n d  W .  G o e b e l

Institu te  o f  Genetics and  Microbiology, U niversity  o f  W ürzburg, and M ax-P lanck- 
In s titu te  fo r  B iochem istry, M artinsried , F R G

Several exopro te ins from  Listeria monocytogenes se rovar 4b (NCTC 10527) and  Listeria  
ivanovii (ATCC) 19119, SLCC 2379), re sp ec tive ly , h av e  been p u rified  to  hom ogeneity  b y  
th io l-d isu lfide  exchange ch ro m ato g rap h y  and  gel f i ltra tio n . B o th  s tra in s  p roduce a h aem o ly tic / 
cy to ly tic  p ro te in  of M r 58 k D a , w hich has all th e  p ro p e rtie s  o f a  S H -ac tiv a ted  cy to lysin , th e  
p ro to ty p e  of w hich is s tre p to ly s in  O (SLO), and  th is  p ro te in  has th e re fo re  been term ed  liste rio - 
lysin  O (LLO ). In  a d d itio n  a p ro te in  of M r 24 k D a  fro m  cu ltu re  su p e rn a ta n ts  of L . ivanovii 
со-purified  w ith  LLO . T h e  N -te rm in a l am inoacid  sequences o f b o th  p ro te in s from  L . ivanovii 
hav e  been  de term ined . B y m utagenesis w ith  tran sp o so n s of G ram -positive  origin (Tn916 a n d  
T n l5 4 5 ), w hich  have  been  in tro d u ced  v ia  co n ju g a tio n  in to  L . ivanovii, several p h en o ty p ic  
m u ta n ts  (a ltered  haem olysis on  sheep blood ag ar o r lec ith in ase-n eg ativ e) were ob ta ined . R e 
su lts on th e  p ro p erties  o f th ese  m u n ta n ts  will be  p resen ted .

I t  is genera lly  accep ted  th a t  lis te rio ly sin  0 ,  a S H -ac tiv a ted  ex o to x in  
p roduced  b y  several pa th o g en ic  Listeria, p lays an  im p o r ta n t role in  the  p a th o 
genesis o f these  fa c u lta tiv e  in trace llu la r b a c te ria  [1, 2]. In  o rder to  e lucidate  
if  Listeria  s tra in s  o th e r  th a n  Listeria monocytogenes se ro v ar l /2 a  produce such  
to x ins, we u n d erto o k  a search  for th e  d e tec tio n  and  su b seq u en t p u rifica tio n / 
/ch a rac te riza tio n  of such  exopro teins from  d iffe ren t Listeria  s tra in s  and  species.

The use o f co n ju g a tiv e  transposons from  G ram -positive  b ac te ria  ( tra n s 
posons Tn916 an d  T n l5 4 5 ) has p roven  to  be help fu l in  th e  id en tifica tio n  of 
v iru lence fac to rs from  Listeria  [2, 3], th e re fo re  we tr ie d  to  a d a p t th is  m e th o d  
to  Listeria ivanovii.

M aterials and  m ethods

Bacteria. L . ivanovii (ATCC 1919, SLCC 2379), L . monocytogenes serovar 4b (NCTC 
10527) n a d  Rhodococcus equi (NCTC 1621) w ere from  th e  s tra in  co llection  of th e  In s t i tu te  fo r 
H ygiene an d  M icrobiology, U n iv e rs ity  of W ürzburg . Streptococcus fa eca lis  CG110 (w ith  T n916) 
was d o n a ted  b y  D. B. Clewell (A nn  A rbor, USA), L . monocytogenes BM 4140 (w ith  T n l5 4 5 ) an d  
Escherichia coli BM2962 (w ith  pAT93) by  P . C ourvalin  (P aris). B a c te ria  w ere grown on b ra in  
h e a r t in fusion  b ro th  (B H I), G ibco / or blood ag ar b ase  (B A B  No. 2, O xoid), supp lem en ted  as 
described below , a t  37 °C.

J ü r g e n  K r e f t , D. F u n k e , R . Sc h l e s in g e r , W . Go e b e l  
In s t i tu te  o f  G enetics a n d  M icrobio logy, U n iv e rs ity  o f W ü rzb u rg  
R ö n tg en rin g  11, D -8700 W ü rz b u rg , F R G

F . L o t t s p e ic h
M ax P la n ck  In s t i tu te  fo r  B io ch em is try  
M artin s ried , F R G
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P urifica tion  o f  listerio lysin  was done b y  th io l-d isu lfide  exchange ch ro m a to g ra p h y  on 
th io p ro p y l-S ep h aro se  6B (P h a rm ac ia )  and gel f i lt ra tio n  of Biogel P-100 (B io rad ) as decribed  [4].

S D S  polyacrylam ide gel electrophoresis o f  p ro te ins  was perform ed w ith  T C A -p rec ip ita ted  
c u ltu re  su p e rn a ta n ts  o f 12 .5%  slab gels [5].

Chromosomal and p la sm id  D N A s  w ere iso la ted  according to p u b lished  p rocedures [6, 7] 
w ith  m inor m odifications.

Transposon mutagenesis o f  L . ivanovii w as p e rfo rm ed  essen tia lly  as described [2] b y  
f i l te r  m atings of Streptococcus (w ith  Tn916) o r L . monocytogenes (w ith  T n l5 4 5 )  an d  a s tre p to 
m y c in -res is tan t (S m R ) m u ta n t  of L. ivanovii.

Procedures fo r  D N A - ( Southern-) hybrid iza tion  and im m unoblotting  h av e  been p rev iously  
desc rib ed  [2].

H aem olysin assays w ere perform ed as d ecribed  in  th e  a d ja ce n t p a p e r  [8].
I n  enzym atic tests fo r sph ingom yelinase  (Sm ase) and phospho lipase  (P lase) T N P A L - 

-sph ingom yelin  or p -n itro p h en y l-p h o sp h o ry lch o lin e , respectively , w ere used  as su b s tra te s  
[9, 10].

R esu lts

P urifica tion  and characterization o f  listeriolysin 0  and the 24 kD a protein . 
B y  th iod isu lfide  exchange ch ro m a to g rap h y  and gel f iltra tio n  [4] we could 
p u r ify  from  B H I-c u ltu re  su p e rn a ta n ts  (co n cen tra ted  a b o u t 50-fold b y  u l t r a 
f iltra tio n )  of b o th  L . ivanovii and  L . monocytogenes serovar 41> a single p ro te in  
o f  Mr 58 kD a, w hich  fu lfilled  all th e  req u irem en ts  for a S H -ac tiv a ted  cy to lysin  
o f  th e  s trep to ly s in  O (SLO) ty p e  [11], nam ely  haem oly tic  a c tiv ity , in a c ti
v a tio n  by  oxygen  or m icrom olar a m o u n ts  of cholesterol, a c tiv a tio n  b y  SH- 
reag en ts  (d ith io th re ito l, D T E ) and  im m unological cross reac tio n  w ith  an ti-S L O  
(unpu b lish ed  [12]). T hese cy to lysins w ere there fo re  id en tified  as lis terio lysin  О 
(L L O ). In  th e  case of L. ivanovii a second  m ajo r su p e rn a ta n t  p ro te in  o f Mr 
24 k D a  copurified  w ith  LLO . The possib le role of th is  p ro te in  has s till to  be 
e lu c id a ted . T he N -te rm in a l am inoacid  sequences of LLO  an d  th e  24 kD a 
p ro te in  from  L . ivanovii have been  d e te rm in ed  (Fig. 1).

Transposon mutagenesis. L . ivanovii w as m utagen ized  b y  th e  con ju g a tiv e  
tran sp o so n  Tn916 [2] an d  T n l5 4 5  [13], respective ly . T n916 p ro v ed  to  he

1 '0
LLO L Ivanovii A sp Ala S er Val Tyr S er Tyr Gin Gty Ile lie X (S e r)  His M et Ala

LLO L m o n o c y t, "Asp Ala S er Ala P h e  A sn Lys Glu Asn S er Ile S er Ser M et Ala

2 0

LLO L Ivanovii P ro  P ro  Ala X (S e r) P ro  P ro  Ala S er

LLO L m o n o cy t. P ro  P ro  Ala S er P ro  P ro  Ala Lys

2 4  KDa Ala A sp Ile Leu X P ro  Met Pro  lie Asn Gin lie P h e  P ro  Asp

P ro /L eu  Asp Leu Ala

F ig . 1. N -te rm in al am in o acid  sequence o f L L O  from  L . ivanovii, com p ared  to  L LO  from  
L .  monocytogenes se ro v ar 1/2 [14] and  of th e  24 k D a  p ro te in  fro m  L . ivanovii. X  m eans an  
am in o  acid w hich  cou ld  n o t be de te rm in ed  precise ly  (m ost p re su m ab ly  serine). R esidues 

hom ologous to  LLO fro m  L . monocytogenes are u n d e rlin ed
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ra th e r  ineffic ien t w hen  looking for a lte re d  haem oly tic /phospho lipo ly tic  p h en o 
ty p es  of th e  tran sco n ju g an ts . T n l5 4 5  w as m uch m ore successful, y ie ld ing  five 
m u ta n ts  of a re lev an t p h en o ty p e  am ong  3000 rec ip ien ts . T he screening  of all 
tra n sc o n ju g a n ts  was done on B A B /hlood  agar p la te s  -j- / — D T E  or w ith

Table I

Relevant properties o f  T n l5 4 5  mutants

S tra in W T 20/24 8/6 44/2

58 K D a + _ _ +
24 K D a + + — —
Smase + + + —
Plase -j- + — +

CAMP + + + —

Sm ase: Sphingom yelinase C activ ity
Plase: Phospholipase  C (lecithinase) a c tiv ity

e ry th ro cy te s  p re tre a te d  w ith  R. equi cu ltu re  su p e rn a ta n t or on egg yolk  agar 
p la tes.

L . ivanovii m u ta n ts  w ith  re le v a n t p h eno types w ere an a ly zed  b y  S ou thern  
h y b rid iza tio n  of th e ir  chrom osom al D N A s to  probes specific for Tn916 or 
T n l5 4 5 , th u s  d em o n stra tin g  th e  presence  of th e  respective  tran sp o so n  in  th e  
chrom osom e of th e  m u ta n t  tra n sc o n ju g a n ts  (d a ta  n o t show n). F u rth e rm o re  
th e  exopro te in  p a tte rn , the  en zy m a tic  (Sm ase and  P lase) ac tiv itie s  in  con
c e n tra te d  cu ltu re  su p e rn a ta n ts  an d  th e  behav iou r in  th e  classical C A M P-test 
o f th e  m u ta n ts  w ere com pared  w ith  th e  w ild type s tra in . Sm ase an d  P lase 
could be d iffe ren tia ted  b y  th e  use o f specific su b stra te s  (see above). T he resu lts  
from  th e  m ost in te re s tin g  m u ta n ts  a re  show n in T ab le  I.

D iscussion

F ro m  th e  resu lts  described ab o v e  several conclusions can  be d raw n:
(i) L . ivanovii (ATCC 19119, SLCC 2379) and  L . monocytogenes se ro v ar 4b 
(NCTC 10527) b o th  p roduce  and  secre te  a h aem olysin /cy to lysin  com parab le  
to  s trep to ly s in  O (SLO), th erefo re  te rm e d  listerio lysin  O (L L O ), w ith  a Mr 
of 58 kD a. The N -te rm in a l am inoac id  sequence of L L O  from  L . ivanovii 
shows s ign ifican t hom ology to  LLO  fro m  L . monocytogenes se ro v ar l /2 a  [14].
(ii) T ransposon  m utagenesis of L . ivanovii p roved  to  be possible an d  useful, 
in  p a r tic u la r  w ith  T n l5 4 5 . S everal m u ta n t  typ es w ere o b ta in ed , w here one 
or severa l exopro teins were no lo n g er secreted , po in tin g  to  a possible coor-
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d in a te  regulation  o f th e  genes responsib le for these  p ro te in s . C om parison of 
th e  phenotypes, p ro te in  p a tte rn s  and  en zy m atic  ac tiv itie s  show ed th a t  m ost 
p re su m ab ly  th e  sp h ingom yelinase  p re sen t in  th e  w ild ty p e  L . ivanovii is th e  
fa c to r  which in te ra c ts  w ith  th e  R . equi exosubstance  in  th e  C A M P-reaction.
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TOWARDS A PHYSICAL MAP OF THE LISTERIA  
CHROMOSOME: THE PULSED FIELD  

ELECTROPHORESIS APPROACH

M. Г. V i c e n t e , J .  C. P é r e z - D i a z , R. A m i l s , F . B a q u e r o  and I. M a r i n

M icrobiology Service, H . R am on y  Cajal Centre, M a d rid , S p a in

The possib ility  o f th e  e lectro p h o re tic  s tu d y  of v e ry  large  frag m e n ts  of the L isteria  
chrom osom e (D N A s u p  to  1000 K b) m ay  help to th e  u n d e rs tan d in g  of th e  physical o rg an iza 
tio n  and  functional m ap p in g  of th e  en tire  genom e of th is  organism . Several experiences w ere 
done  to  ap p ly  th is  technology  to Listeria . Agarose in se rts  were p re p a re d  w ith  in ta c t cells an d  
p ro to p la s ts , and lysis w as induced  in  s itu . In se rts  w ith  a co n v en ien t am o u n t of DN A  w ere 
c leaved  in  s itu  again  b y  diffusing re s tr ic tio n  enzym es in to  th e  agarose an d  su b m itted  to  one 
dim ensional electric  fie ld  th a t  was period ica lly  in v erted , to  cause changes of d irection  of th e  
D N A  fragm en ts . W e ob ta in ed  a good b an d  reso lu tion  of b ands w ith  Eco  R1 and H in d  I I I .  
E x p erim en ts  are in  p rogress to  select o th e r re stric tio n  enzym es lead in g  to  larger frag m en ts . 
T h is  technique  m u st be com bined w ith  th e  use of b lo ttin g  w ith  know n D N A  sequences, such  as 
th e  corresponding to  th e  haem olysin , to  a rriv e  to a com prehensive m ap  of th e  Listeria  ch ro m o 
som e. Cloning of Listeria  genes invo lved  in  several biochem ical ch ara c te ris tic s  of Listeria , o r 
a t  least a good collection  of m u ta n ts  w ill be qu ite  necessary  for th e  p ro g ress of such appro ach .

The tech n iq u e  of pulsed  fie ld  gel (P F G ) e lectrophoresis [1] has m a n y  
app lica tions, som e of w hich are ju s t  beg inning  to  be exp lo red  [2, 3]. I t  allow s 
in v es tig a tio n  of an  en tire  genom e in  one gel b y  reso lv ing  D N A  frag m en ts  
from  20 000 to  2000 K ilobase pairs . A d irec tional sw itch ing  of th e  elec tric  
fie ld  causes m olecules to  change d irection  in th e  gel. S ep ara tio n s are possible 
a p p a re n tly  because th e  tim e each  frag m en t tak es  to  a lte r  its  shape  and  m ig ra te  
in  a new  d irec tion , varies as a fu n c tio n  of its  len g th . W e h a v e  used th is te c h 
n iq u e  to  help u n d e rs ta n d  the  physica l o rgan iza tion  and  fu n c tio n a l m app ing  
o f th e  genom e of Listeria  monocytogenes L 028 .

M aterials and m ethods

Agarose inserts w ere p rep ared  w ith  in ta c t  cells and  p ro to p la s ts  [4] a n d  lysis of cells w as 
in d u ced  in  s itu  (in  th e  agarose in serts).

The quantity o f  D N A  in  th e  agarose  in se rts  was te s te d  in  a  one dim ensional e lectric  
fie ld , th a t  was period ica lly  in v erted , to  change th e  d irec tion  of th e  D N A  fragm en ts .

A garose in se rts  w ith  th e  co n v en ien t a m o u n t (100 f i g )  of D N A  w ere cleaved in  s itu  b y  
d iffusing  re stric tio n  enzym es in to  th e  agarose  and  again  su b m ittin g  to  a p u lsed  field  gel.

M . F .  V ic e n t e , J .  C. P é r e z -D ia z , R . A m ils , F . B a o u e r o , I .  Ma r in  
S erv ic io  de M icrobiologia, H . R a m o n  y  Cajal 
M a d rid , S pain
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R esu lts

Good reso lu tion  o f D N A  chrom osom al fragm en ts fro m  L . monocytogenes 
L 0 2 8  w as ob tained  (it w as im possible to  d e te c t any  p lasm id  o f h igh  m olecular 
w eigh t).

D igestion of th e  D N A  w ith  severa l d iffe ren t re s tr ic tio n  enzym es (Table I) 
p ro d u ced  m any b an d s (F ig . 1). H ow ever, w ith  N o tl re s tr ic tio n  enzym e, six 
fra g m e n ts  were reso lved  (Figs 2 and  3). T hree of these  are  sm aller th a n  the

Table I

Restriction enzymes used in  this study

B a m b ii B a n ll B e ll C lal D ra l E c o R l H m d II I
K p n l N a il N co l N h e l N o tl N ru l P v u l
S acI Sac 11 S a il Seal Sfil S p H I S tu I
X b a l  X h o l

F ig . 1. Pulsed  field  gel (A ) w ith  DN A  agarose in se rts  of L . monocytogenes L 0 2 8  cleaved w ith  
N c o l  (2), N ru l  (3), S ea l (4), S p H I (5), S tu I  (6), C la l (7), S c a ll  (8) a n d  size s ta n d a rd  fragm en ts

(1. 9)
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F ig. 2. D igestion  of th e  agarose  in serts o f L . monocytogenes b y  N h e l  (1), N o t l  (2), N a r l  (3), 
S fil (5), S a i l  (6), S e a l (7) and  size s ta n d a rd  fragm en ts (4); pu lsed  field  gel (B)

F ig . 3. Pulsed  field  gel (C) w ith  th e  sam e sam ple  o f th e  d igestion  w ith  N o t l  (1) ex cep t w ith  
e x tra  pulses. I t  is possible to  resolve th ree  e x tra  frag m en ts ; th e  co n tro l is th e f ra g m e n ts  o f th e

y eas t chrom osom es (2)
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F ig . 4. H y b rid iza tio n  w ith  th e  h lyA  gene probe  of L . monocytogenes L 0 2 8  to  th e
pulsed  field  gel (B)

size s ta n d a rd  fra g m e n ts  an d  th e  rem ain ing  th ree  are e q u iv a le n t in  size to  
th e  fragm ents of th e  y e a s t chrom osom es D N A s [5].

B y  b lo ttin g  th e  gel В (Fig. 2) onto  ny lon , an d  h y b rid iz in g  w ith  a D N A  
p ro b e , corresponding to  th e  (haem olysin) h lyA  gene, we localized  th is  gene 
on  th e  L . monocytogenes L 0 2 8  chrom osom e (F ig. 4).

D iscussion

We aim to  e s tab lish  a physical an d  fu n c tio n a l m ap  o f th e  L . mono
cytogenes chrom osom e. T he use of D N A  probes, such as t h a t  corresponding 
to  th e  hlyA  gene o f L . monocytogenes [6], w ill enable  us to  localize genes on 
th e  Listeria  chrom osom e. P robes correspond to  th e  d iffe ren t P B P s, to  th e  
o irig in  of rep lica tion , a n d  to  th e  ribosom al R N A s, genes w ill serve as m arkers 
p e r  pre lim inary  w ork .

In  conclusion th e  m ethodology  of pulse fie ld  e lec trophoresis seems to  be 
p ro m isin g  for th e  u n d e rs ta n d in g  of th e  genetic  a rra n g e m en t o f th e  Listeria
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chrom osom e. I t  will be necessary  in  th e  n e a r fu tu re  to  p rep a re  D N A  probes 
correspond ing  to  th e  d iffe ren t fu n c tio n a l or p h en o ty p ic  t r a i ts  of Listeria  in  
o rder to  localize these  genes in  th e  ch rom osom al D N A .
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REACQUISITION OF VIRULENCE OF 
HAEMOLYSIN-NEGATIVE LISTERIA  

MONOCYTOGENES MUTANTS BY 
COMPLEMENTATION WITH A PLASMID 

CARRYING THE hlyA GENE

M . F . V i c e n t e , J . M e n g a u d , J . C h e n e v e r t , J . C. P é r e z - D i a z , C . G e o f f r o y , 

F . B a QUERO, P . CoSSART and P. B E R C H E

M icrobiology Service, H . R am on  y  Cajal Centre, M ad rid , S p a in ,
U n it o f  Bacterial Genetics, and U nit o f  Bacterial A ntigens, In stitu te  Pasteur, Paris, 

and Microbiology Laboratory, H . Necker In fa n ts ' H ospita l, P aris, France

A n haem olysin  n eg a tiv e  m u ta n t  o f Listeria  monocytogenes L 0 2 8  p ro d u ced  by  in sertion  
of T n917 resu lted  in  an  a v iru le n t d e riv a tiv e . T he h lyA  gene of th e  sam e s tra in  w as prev iously  
cloned in  Escherichia coli an d  re tra n sfe red  b y  tran s fo rm a tio n  to  th e  h ly~  d e riv a tiv e , a fte r 
subclon ing  in  th e  sh u ttle  v e c to r  pM K 4. T h e  tran s fo rm a n t s tra in  (L828) re ac q u ire d  an  haem o
ly tic  a c tiv ity  a t  a sim ilar level th a n  th e  w ild  stra in . T he v iru len ce  of th is  hly+  tran sfo rm a n t 
w as e s tim a ted  by  de te rm in in g  th e  L D 50 in  Swiss mice in fec ted  in tra v en o u s ly . W ith  increasing  
doses o f  b acteria  a hly~  co n tro l s tra in  ( tran s fo rm a n t w ith  on ly  pM K 4) ap p ea red  to  be to ta lly  
a v iru len t; how ever, no s ig n ifican t d ifference in  v iru lence w as fo u n d  b e tw een  th e  hly+  t r a n s 
fo rm an ts  and  th e  wild s tra in . Seriol v iab le  coun ts in  th e  liv e r a n d  spleen  of in fec ted  mice 
d e m o n s tra ted  an  increase in  n u m b er o f L828 h ly + tran s fo rm a n ts  a t  48 h , b u t  th e  h ly~  contro l 
tran s fo rm a n ts  were rap id ly  e lim inated . T hese  resu lts  confirm  th a t  th e  p ro d u c tio n  of haem olysin 
is a m a jo r facto r in  th e  pa th o g en ic  cap ab ilitie s  of L . monocytogenes.

Listeria monocytogenes can  be considered as a p e rib io n t as defined by  
Isen b erg : an organism  capab le  on to le ra tin g  p la n t, an im al an d  h u m an  b io 
spheres [1]. These organism s te n d  to  progress to  th e  p a th o g en ic  level essen
tia lly  if  th e  host su scep tib ility  or genera l im m une s ta tu s  p e rm its  th e  expres
sion o f m icrobial harm fu lness. P a th o g en ic ity  is a lw ays th e  re su lt of a v a s t 
c o n tin u u m  of in te rac tio n s  th a t  req u ires  th e  p a r tic ip a tio n  of th e  ind iv idual 
h o st an d  the  m icroorganism . T herefo re  a single b io logical p ro p e r ty  canno t 
ex p la in  patho g en ic ity . N evertheless, in  th e  absence of ce rta in  b a c te ria l factors, 
th e re  is alm ost no p o ssib ility  for disease p rod u c tio n . T h is p a p e r  p resen ts in
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Serv icio  d e  M icrobiologie, H . R a m o n  y  C ajal 
M ad rid , S pa in

J e r o m e  M e n g a u d , J .  Ch e n e v e r t , P . Cossa rt  
U n ité  d e  G énie M icrobiologique, I n s t i tu t  P a s te u r  
R u e  d u  D r. R o u x , 75724 P a r is  C edex  15, F ran ce

C. Ge o f f r o y
U n ité  des  A ntigenes B ac térien s , I n s t i tu t  P a s te u r  
R u e  d u  D r. R o u x , 75724 P a r is  C edex  15, F ra n ce

A cta  M icrobiologica H ungarica  3 6 , 1989 
A k a d é m ia i K ia d ó , B udapest



2 0 0 V IC EN TE et al.

v iv o  evidence of th e  key-role of th e  listerio lysin  0  as a fac to r  enab ling  the  
p ro d u c tio n  of le th a l in fec tion  in  m ice.

The first genetic  ind ica tions o f th e  im portance  o f th e  haem olysin  in  the  
pa thogenesis  of L isteria  in fections w ere ob ta ined  th ro u g h  th e  com parison  of 
th e  pathogenic a c tiv ity  of w ild haem oly tic  s tra in s  versus non-haem oly tic  
isogenic m u tan ts  in  ex p erim en ta l m urine infections. These m u ta n ts  were 
o b ta in e d  by tran sp o so n  m utagenesis, w ith  T n l545  [2] or Tn916 [3]. In sertio n  
o f  a single copy of th e se  genetic  e lem ents in the  gene encod ing  th e  haem olysin 
re su lte d  in an H ly “ m u ta n t , p ro d u c in g  a tru n c a te d  h aem olysin  as de tec ted  
b y  im m unoblo t [3, 4 ]. H ly “ m u ta n ts  w ere unab le  to  p rovoke  disease in  mice, 
b e in g  rap id ly  e lim in a ted  from  th e  blood and organs w h a tev e r th e  level of 
th e  infecting  dose. M oreover, H ly “ m u ta n ts  did no t gen era te  an y  delayed 
sen s itiv ity , p ro b ab ly  because of th e  lack  of b ac te ria l rep lica tio n  in to  th e  host 
cells [5]. The co n firm a tio n  of these  re su lts  requ ired  a p o sitive  ev idence of the  
ro le  of the  haem olysin  as a fac to r enab ling  the path o g en ic  a c tiv ity  of L . mono
cytogenes.

M aterials and  m ethods

T he Listeria  h aem o ly sin  gene fu r th e r  designed as hly A. w as o rig ina lly  cloned from  th e  
p a th o g en ic  and h aem o ly tic  s tra in  L . monocytogenes L 028  in  a cosm id v e c to r pH C 79 of Escheri
chia  coli in  1985 [6]. A H ly~  m u ta n t o f th is  s tra in  was o b ta in ed  b y  tran sp o so n  m utagenesis, 
b u t  u sing  Tn917 w hich  encodes e ry th ro m y cin  resistance. In  o rd er to  re in tro d u ce  th e  haem olysin  
gene  in to  this Listeria  d e riv a tiv e , th e  h aem olysin  gene co n ta in in g  region (a b o u t 8.5 K b ) was 
sub c lo n ed  in to  a b ifu n c tio n a l sh u ttle  v e c to r  (pM K 4, co n ta in ing  a  d e te rm in a n t for ch loram 
p h en ico l resistance) ab le  to  rep lica te  b o th  in E . coli and  in  Listeria , and  used  to  tran sfo rm  
L iste ria  by  th e  DN A  tra n s fo rm a tio n  p ro ced u res recen tly  developed  in  th is  genus [7]. The 
in tro d u c tio n  of th is g en etica l co n stru c tio n  pCL103 in to  H ly “  Listeria  m u ta n ts  o b ta ined  b o th  
w ith  T n l545  in  s tra in  E G D  [2] or Tn917 (see above) resu lted  in  a reco v ery  of th e  haem olysin  
p ro d u c tio n . As genetic  re a rra n g em en ts  w ere de tected  in pCL103, a new  clone from  th e  Listeria  
chrom osom e co n ta in ing  th e  haem olysin  gene in a m uch sh o rte r (3 K b) piece of DN A  was th en  
o b ta in e d  in the  v ec to r p U C S an d  th e n  subcloned in pM K4. T he resu ltin g  p lasm id , pL IS4 , was 
a lso suffic ient to  re sto re  th e  haem olysin  p ro d u c tio n  w hen i t  w as in tro d u c ed  in  th e  above 
m en tio n ed  H ly-  m u ta n ts .

R esults and  discussion

The s tru c tu ra l gene encoding th e  haem olysin  d e te rm in a n t (hlyA) was 
sequenced  from  th e  reg ion  f irs tly  cloned in the cosm id pH C 79 an d  reconfirm ed 
b y  sequencing of p L IS 4 . The deduced  p ro te in  sequence revealed  th e  presence 
o f  a p u ta tiv e  25-am inoacid  signal sequence; the  secre ted  fo rm  o f th e  haem olysin  
w ou ld  have 504 am ino  acids, correspond ing  to  th e  m olecular w eight of the 
p u rified  pro tein , 58 k ilo da ltons [8]. H om ologies of th e  sequence of th is  haem o
ly s in  w ith  s trep to ly s in  О and  pneum olysin  was found : an  11 am ino  acid pep tide  
is conserved in  th e  th ree  p ro te in s con ta in ing  the  un iq u e  cysteine know n to 
be  essential for th e  ly tic  ac tiv ity . T he nam e listerio lysin  0  h ad  been given to
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the  th io l-a c tiv a te d  haem olysin  encoded b y  th e  sequenced  gene. In te re s tin g ly  
lis te rio ly sin  О is th e  on ly  S H -d ep en d en t haem olysin  ac tiv e  a t pH  5 [9], w hich 
m ay  argue for th e  role of th is  to x in  in  th e  phagosom e d isrup tion  an d  in t r a 
ce llu lar b ac te ria l rep lica tion .

In  o rder to  o b ta in  positive ev idence of th e  role of listerio lysin  О in  
L isteria  pathogenesis, specific pa thogen-free  IC R  fem ale swiss m ice were 
in o cu la ted  b y  in trav en o u s  rou te  w ith  v a rious co n cen tra tio n s of th e  d iffe ren t 
Listeria  de riva tives o b ta in ed  in  th e  p rev ious ex p erim en ts . A lis t of these  
s tra in s  is p resen ted  in T able  I. V irulence was d e te rm in ed  by  (i) d e te rm in in g  
th e  50%  le th a l dose (L D 50); and  (ii) follow ing th e  v iab le  b ac te ria  in  organs: 
liv e r an d  spleen were asep tica lly  rem oved an d  serial d ilu tions of whole organ  
h om ogenates were p la te d  on try p tic  soy ag ar. The L D -0 fo r th e  wild h aem o ly tic  
s tra in  L 0 2 8  was 2.1 X 105-5; the  h ly -  m u ta n ts  o b ta in ed  by  Tn917 in se rtio n  
p ro v ed  to  he to ta lly  av iru len t, since m ice su rv ived  to  challenge as h igh  as 
7>109-5 organism s an d  d id  n o t ex h ib it abscesses in  o rgans. The presence of th e  
sh u ttle  p lasm id  pM K 4 did  no t in fluence th e  expression  of v irulence, since th e  
h ly~  s tra in  harb o u rin g  th is  p lasm id has th e  sam e L D 50 as the h ly -  m u ta n t. 
As i t  is show n in  T ab le  I I ,  th e  presence o f hly A , in  pL is4 , resto res th e  p a th o -

Table I

Bacterial strains used in  experimental infection

S tra in s A n tib io tic  res is tan ce H a em o ly tic  a c tiv ity Cells/ml*

L 0 2 8  (wild) _ 900 H U /m l 2.7 x 1 0 s
L 0 2 8 : :Tn9I7 ery th rom ycin <  10 H U /lm l 5 .0x10«
L 0 2 8 : :Tn917.pM K4 ery throm ycin

chloram phenicol
<  10 H U /m l 6 .0x10«

L 0 2 8 : :Tn917. pLis4 ery throm ycin
chloram phenicol

1.200 H U /m l 4 .0x10«

* Culture in  charcoal-trea ted  b ro th  (10 h  a t  37 °C)

Table II

Listeria L D S0 determination in  Sw iss mice

S tra in
H aem o ly tic
p h en o ty p e ld5»*

L 028 (wild) + 105-2

L 028: :Tn917 — > 1 0 9'5
L 028: :Tn917.pM K4 — > 1 0 9'5
L 028: :Tn917.pLIS4 + 106-7

* T he L D 50 was de term ined  on groups of 5 fem ale Swiss m ice b y  th e  p ro b it m ethod , a fte r  
in trav en o u s infection
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F ig . 1. B acteria l su rv iv a l w as follow ed in  m ice in fec ted  in trav en o u s ly  ( 2 x l0 ° ) |b y  w ild -ty p e  
L . monocytogenes L 0 2 8  ( a — a ), L . monocytogenes H ly ~  m u ta n t  w ith  th e  Tn917 ( #  — • ) .  

R esu lts  a re  expressed  as th e  m ean  log b ac teria  pe r o rg an

Time (hours)

F ig . 2. B acteria l su rv iv a l w as follow ed in  m ice in fec ted  in trav en o u s ly  ( 2 x lO G) by  w ild -ty p e  
L . monocytogenes L 0 2 8  ( a — A ), s tra in s  p L IS 4  ( д  — д )  a n d  p C L 103(o  — o ) . R esu lts  a re  ex p res

sed as th e  m ean  log b a c te ria  p e r organ

gen ic  pow er of th e  m u ta n t , in d ica tin g  th e  reacqu isition  of v iru lence  b y  com ple
m e n ta tio n  w ith  th e  p lasm id  carry ing  only  th e  listerio lysin  О gene. In  Figs 
1 a n d  2 are show n th e  resu lts  concern ing  th e  v iab le  coun t o f Listeria  cells in  
o rg an s . A fter an  in itia l reduc tion  in  b a c te ria l coun ts in  liver or spleen, as w ith  
th e  w ild  ty p e  s tra in , th e  com plem ented  m u ta n ts  carry ing  th e  cloned h lyA  
gene increased its  n u m b er, w hich d em o n stra te  b ac te ria l m u ltip lica tio n  in to  
th e  an im al tissues. O n th e  co n tra ry , th e  non-com plem ented  H ly -  m u ta n ts  
w ere  rap id ly  e lim in a ted . The secretion  of listerio lysin  О seem s to  be essen tia l

A cta  Microbiologica Hungarica 36, 1989



R EA CQ U ISITIO N  O F V IR U L EN C E 203

to  b ac te ria l g ro w th  in  h ost tissues w here b a c te r ia  are tra p p e d  b y  p ro fessional 
phagocy tic  cells. This to x in  ap p ears  to  be a key -fac to r in  th e  pa th o g en esis  
o f L . monocytogenes infections.
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4. EPID EM IO LO G ICA L TRACING

TYPING OF LISTERIA MONOCYTOGENES FOR 
EPIDEMIOLOGICAL STUDIES USING DNA

PROBES

N. A. S a u n d e r s , A. M. R i d l e y  and A. G. T a y l o r  

Central Public H ealth Laboratory, Colindale, London, U K

W e have  in v es tig a te d  th e  poss ib ility  of u sin g  re s tr ic tio n  frag m en t len g th  po lym orph ism s 
(R F L P s )  to  d is tin g u ish  d ifferen t s tra in s  o f L isteria  monocytogenes. C loned D N A  frag m e n ts  
(p robes) w ere se lected  from  a b ac terio p h ag e  lam b d a  gene lib ra ry  of L . monocytogenes (L1428). 
D N A s fro m  tw o lam b d a  clones co n sistin g  of a  to ta l  o f ap p ro x im ate ly  20kb of p robe  D N À  
w ere lab e lled  w ith  b io tin y la te d  d U T P  fo r use in  th ese  experim ents. T he c rite ria  fo r p ro b e  
se lection  w ere th e  a b ility  b o th  to  h y b rid ise  w ith  all s tra in s  of L. monocytogenes and  to  rev ea l 
R F L P s . S o u th ern  b lo ts  o f re s tr ic tio n  endonuclease  (N ci I)  d igested D N Á s fro m  te s t  s tra in s  of 
L. monocytogenes w ere hyb rid ized  to th e  p robe. Follow ing w ashing, b io tin y la te d  probe  re m a in 
ing b o u n d  to  th e  filte rs  was de tected  u sin g  th e  B lugene reagents (G ibco /B R L ). U n d er th ese  
e x p e rim e n ta l cond itions stra in -spec ific  re s tr ic tio n  frag m en ts  were revealed . W e hav e  exam ined  
64 s tra in s  o f L . monocytogenes belonging to]serogroup 1/2 w h ich  were n o t a p p a re n tly  epidem iolog- 
ica lly  asso c ia ted  an d  19 p a tte rn s  w ere observed . Epidem iologically  re la te d  s tra in s  gave 
id en tica l p a t te rn s  of re s tr ic tio n  frag m en ts .

S ero ty p in g  o f Listeria  monocytogenes [1] can  subdivide th e  species in to  
13 se rovars. H ow ever, m ost s tra in s  causing  disease belong to  th e  th re e  serovars 
l/2 a , 1 /2b  an d  4b [2] an d  so se ro ty p in g  is o f re s tr ic te d  value in  ep idem iological 
s tud ies.

P h ag e  ty p in g  has also been em ployed  [3] an d  an  ev a lu a tio n  o f  th is  m e th 
od [4] show ed i t  to  be rep roduc ib le  an d  to  give excellen t d isc rim in a tio n  
be tw een  s tra in s . One d isad v an tag e  o f p h ag e -ty p in g  is th a t  th e  overa ll ty p eab il-  
i ty  o f s tra in s  (reac tion  w ith  a t le a s t one ph ag e  p rep ara tio n ) w as found  to  be 
only  64 %  for B ritish  iso lates, w ith  82%  o f serogroup 4 and  37 %  o f serogroup 
1/2 s tra in s  phage ty p eab le . W e h av e  show n p rev iously  [5] th a t  cloned, b io tin - 
lab e lled  D N A  sequences derived  from  Legionella pneum ophila  can  be em ployed  
to  p ro b e  S o u th e rn  b lo ts  of re s tr ic tio n  endonuclease tre a te d  genom ic D N A  an d  
th a t  th e  in te r-s tra in  re s tric tio n  frag m en t len g th  polym orphism s (R F L P s) can  
be u sed  as th e  basis o f a ty p in g  m e th o d  for th is  species. H ere we show  th a t  a 
sim ilar m e th o d  can  be em ployed  for ty p in g  L . monocytogenes s tra in s. The 
m eth o d  is p a r tic u la r ly  usefu l in  th e  case o f  th e  1/2 strains.

N icholas A . Sa u n d e r s , A. M . R id l e y , A . G. T a y lo r  
D iv ision  o f  M icrobio logical R e a g e n ts  a n d  Q u a lity  C on tro l, 
C en tra l P u b lic  H e a l th  L a b o ra to ry
61 Colindale A v e n u e  N W 9 5 H T  L o n d o n , U n ited  K in g d o m
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M aterials and m ethods

Bacterial strains and  preparation  o f  chromosomal D N A .  Iso la te s  o f L . monocytogenes 
id en tif ie d  on th e  basis of b io ch em ical and serological reac tio n s w ere cu ltu red  on M arm ite  ag ar 
fo r 18 h  h a rvested  in  sa line  co n ta in in g  10 m g /m l lysozym e in cu b a ted  fo r a t  least 10 m in  a t  
room  tem p e ra tu re  and  p e lle te d  b y  cen trifugation . T h e  cells from  1 p la te  were resuspended  in 
200 p i  o f 5 M GuSCN c o n ta in in g  0.1 м ED TA  p H  7.0 a n d  in cu b a ted  fo r 30 m in  a t  room  te m p e ra 
tu re . T h e  ly sa te  was d ilu te d  to  500 pi w ith  b u ffer co n ta in in g  150 т м  N aC l, 15 min E D T A  an d  
50 i n M  Tris-H C l, p H  8.0 a n d  th e n  em ulsified w ith  an  equal vo lum e o f chloroform  : isoa iny l 
a lcohol 24 : 1 (v/v). T he p h a se s  were sep ara ted  b y  cen trifu g a tio n  fo r 2 m in  in  an  E p p en d o rf  
cen trifu g e . To 400 /d  o f th e  aqueous phase was ad d ed  200 pi o f 7.5 M am m onum  a ce ta te  an d  
324 p i  isopropanol. T he f ib ro u s  DN A  p rec ip ita te  fo rm ed  was collected  b y  cen trifu g a tio n  and  
w ash ed  tw ice w ith  100%  e th a n o l. The D N A  w as f in a lly  d ried  in  vacuo  and  resuspended  in  
100 /Л Т Е  buffer co n ta in in g  10 т м  Tris-H Cl, p H  8.0 an d  1 т м  E D T A .

Restriction endonuclease digestion and agarose-gel electrophoresis. B acteria l D N A  (5 pg) 
w as d igested  for 1-2 h  w ith  8 u n its  Nci 1 (N B L  L td )  in  50 pi o f th e  buffer supplied  b y  th e  
m an u fa c tu re r . Follow ing in c u b a tio n  dye so lu tio n  (25 pi) co n ta in in g  10%  Ficoll and  0 .001%  
b ro m o p h en o l blue was a d d e d  a n d  th e  digest was s to re d  a t  —40 °C u n til  requ ired . The re s tr ic tio n  
fra g m e n ts  were se p a ra ted  b y  agarose gel e lectrophoresis on  0 .8%  agarose a t  25 v o lts  (1.25 
Y /cm ) fo r 18 h  in T ris -b o ra te  b u ffer (0.089 м T ris, 0.089 м  boric acid , 0.002 м ED TA ) co n ta in in g
0.5 p g /m l  e th id ium  b ro m id e . A  m ix tu re  of re s tr ic tio n  frag m en ts  (2 ng) com prising P s t  1 and  
E c o R l  d igests of A p h a g e  D N A  was ru n  as a  m o lecu la r w eigh t s ta n d a rd . Follow ing e lec tro 
p h o resis  th e  gel was so ak ed  tw ice  for 15 m in  in  0.25 M HC1, tw ice  fo r 15 m in in  d e n a tu rin g  
so lu tio n  (0.5 m  N aO H , 1.5 м  NaCl) and  th e n  in  n eu tra liz in g  so lu tio n  (1 M Tris-H Cl, p H  0.8, 
1.5 M  NaCl) for be tw een  15 m in  and 2 h.

Southern transfer o f  D N A  was accom plished  b y  v acu u m  b lo ttin g  on  a V acublo t a p p a ra 
tu s  (A pplied B ionetics) u s in g  10 X SSC as tra n s fe r  b u ffer and  ny lo n  filte rs (H ybond-N , A m er- 
sh am  In te rn a tio n a l pic). T h e  filte rs were a ir-d ried , covered  in  M obilrapper I I  and  exposed  to  
long-w ave u ltra -v io le t l ig h t  (3 m in) from  a tra n s il lu m in a to r  (UV P ro d u c ts  Inc).

Preparation o f  probe D N A .  A NS32 an d  A N S35 were selected  from  a lib ra ry  of L . mono
cytogenes (w ild-type s tra in  L1428, serovar 4b) E c o R l frag m en ts  in  th e  A vector A g tW E S . AB. 
w h ich  was constru c ted  as described  p rev iously  [6]. B acteriophage  p a rtic les were p u rified  and  
th e  D N A  ex trac ted  fro m  th e m  also as described  p rev iously  [6].

Labelling and hybrid iza tion  o f  probes. P ro b es  A NS32 and  A NS35 were labelled b y  p rim er 
ex ten sio n  using b io t in - l l-d U T P  (Gibco L td ) an d  h y b rid ized  to  S o u th e rn  blots of N ci 1 d igested  
L . monocytogenes D N A  as d e ta iled  prev iously  [6]. Follow ing in cu b a tio n  th e  filte rs w ere w ashed  
a t  low -stringency  in  2 X SSC, 0 .1%  SDS a t  50 °C (2 x  15 m in an d  1 x  30 m in). The f ilte rs  w ere 
a ir-d ried  and tre a te d  w ith  th e  Blu-gene b io tin  d e tectio n  reag en ts  (Gibco L td).

R esults and d iscussion

Selection o f  probe sequences and other conditions. T he  probe used in  these 
s tu d ie s  consists o f tw o  sequences selected  from  a g roup  of eight clones picked 
a t  random  from  a b ac te rio p h ag e  la m b d a  genom ic lib ra ry  of L.monocytogenes 
D N A . The probes w ere  selected on th e  basis th a t  (i) th e y  h ad  b road  specific ity  
a n d  were able to  h y b rid ize , u n d er co n d itio n s of low  stringency , w ith  s tra in s  
o f d ifferent se ro ty p es  of L.monocytogenes an d  (ii) th a t  w hen the  ta rg e t  L.m o- 
nocytogenes D N A  w as tre a te d  w ith  N ci 1 th e  probes hybrid ized  to  re s tr ic tio n  
frag m en ts  h av in g  a b ro ad  range of m olecular sizes. N ci 1, w hich cu ts  ta rg e t  
D N A  a t the  sequence  5’-CCGGG-3’, w as selected  because th e  re s tr ic tio n  fra g 
m en ts  g enera ted  g ives rise to  a re la tiv e ly  uncom plica ted  p a tte rn  of b an d s , 
whicli are of su ffic ien t num ber to  prov ide useful d iscrim ination  betw een  
s tra in s . N ylon m em b ran es to  w hich th e  D N A  frag m en ts  are coupled  cova-
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len tly  b y  UY illum in a tio n  are  used  as th e y  are  easy  to  h an d le  and  because 
efficient b in d ing  of sm all D N A  species (400-1000 base p airs) is achieved.

E xam ina tion  o f  strains. W e have exam ined  143 L.monocytogenes s tra in s  
an d  have observed  28 d ifferen t p a tte rn s  of b ands. The 79 iso la tes of serogroup 
4 were d is tr ib u te d  betw een  11 p a tte rn  ty p es an d  th e  64 serogroup  1/2 s tra in s  
were sub-d iv ided  in to  19 ty p es . A nalysis o f th e  n u m b ers  of s tra in s  in  each 
p a tte rn  ty p e  (Table I) reveals th a t  81%  of th e  serogroup 4 s tra in s  were in d is
tingu ishab le  using  th e  R F L P  m ethod .

This re su lt in d ica tes  th a t  th e  serogroup 4 iso lates an d  p a rtic u la r ly  those 
of serovar 4b are closely re la te d  geno typ ica lly . The g re a te r  genetic  d iv e rs ity  
am ong th e  1/2 s tra in s , p a r tic u la r ly  those of serovars l /2 a  and  l/2 c , is show n 
b y  th e ir  re la tiv e ly  even d is tr ib u tio n  betw een  th e  19 re le v a n t p a tte rn  types. 
A correlation  m ay  be seen b e tw een  th e  degree of p h a g e -ty p eab ility  of each

Table I

R F L P types o f  143 L. monocytogenes strains

R F L P  ty p e

N o. o f s tra in s

serogroup 4 sero g ro u p  1 to ta l

4* 4b 4 n o t  b  1/2* l /2 a l/2 b l/2 c

l 12 34 17 63
2 2 l 3 14 20
3 l 1
4 l 1
5 1 1 2
6 3 3
7 1 1
8 1 3 1 4 9
9 6 1 7

10 i 2 3
11 3 1 4
12 2 2
13 1 1
14 2 2
15 2 1 3
16 1 1 2
17 1 1 2
18 1 1
19 1 1
20 1 1
21 2 2
22 l 1 2
23 1 1
24 2 2
25 1 1
26 l 1
27 1 1
28 3 1 4

T otal 17 36 26 8 29 19 8 143

* T he serovar o f som e stra ins was n o t determ ined

Acta Microbiologica Hungarica 36, 1989



2 0 8 SA U N D ERS et al.
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F ig . 1. DNAs iso lated  from  A NS32 arid X NS35 w ere labelled w ith  b io tin - l l-d U T P  b y  p rim er- 
ex tension . The labelled  D N A s w ere m ixed in  equal p ro p o rtio n  of b io tin y la te d  residues and 
used  to  p robe a S o u th ern  b lo t, o f N ci 1 d ig es ted  D N As from  L . monocytogenes iso la tes (1 fig / 
/s tra in )  ru n  on an  agarose gel. T he b lo t w as w ashed u n d e r n o n -s tr in g en t conditions. T racks 
m ark e d  X show a m ix tu re  o f Eco R1 and  P s t  1 d igest o f Я D N A . T he s tra in s  ex am ined  were 
ru n  in  th e  rem ain ing  tra c k s  as follow s: 1, 85449, serogroup 4b ; 2, 85450, serogroup 4b; 3, 
86303, serogroup 4b; 4, 86304, serogroup 4b ; 5, 86305, serogroup 4b ; 6, 86306, serogroup 4b; 
7, 87179, serogroup Í /2 ;  8, 87183, serogroup 1/2; 9, 87193, serogroup  1/2; 10, 87198, sero
g ro u p  1/2; 11, 87236,serogroup  1/2; 12, 87423, serogroup 1/2; 13, 87426, serogroup 1/2; 14,

86776, serogroup 1/2

serog roup  and  its g eno typ ic  hom ogeneity . The m ore d iverse serogroup 1/2 
s tra in s  being less suscep tib le  to  phage infec tion  and  ly tic  g row th .

A nalysis of th e  re s tr ic tio n  p a tte rn s  ob ta ined  from  28 s tra in s  for w hich 
p h ag e  ty p in g  and  epidem iological d a ta  was availab le  rev ea led  8 R F L P  p a t 
te rn s . The resu lts show  th a t  all epidem iologically-linked  s tra in s  gave in 
d istingu ishab le  ty p es b y  b o th  phage an d  R F L P  m eth o d s. H ow ever, in  one 
case, a p a ir  o f s tra in s  (serogroup 4) in d istingu ishab le  b y  p h ag e-ty p in g  were 
d istingu ished  b y  th e  R F L P  m ethod  and  in  several in stan ces  s tra in s  could only 
be d istingu ished  b y  p h ag e-ty p in g .

F igure 1 shows a b lo t, p robed  w ith  A32 and  Я35, o f th e  re s tr ic tio n  frag 
m e n t p a tte rn s  of 14 o f th e  28 p h ag e-ty p ed  s tra in s. In d is tin g u ish ab le  p a tte rn s ,
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o b ta in ed  from  5 isolates of serogroup 4, are  show n in track s  1, 2, 4, 5 an d  6. 
P a irs  of s tra in s  w ith  an epidem iological re la tionsh ip  w hich gave in d is tin g u ish 
ab le re s tr ic tio n  fragm ents are in  th e  follow ing track s; 1 an d  2 (serovar 4b 
s tra in s  from  an  o u tb reak  of listeriosis in  C alifornia, USA); 7 an d  8 (serogroup 
1/2 s tra in s  from  a case of cross-infection); 12 an d  13 (serovar l/2 a  s tra in s  iso 
la te d  from  d iffe ren t clinical specim ens o b ta in ed  from  th e  sam e in d iv idua l). 
O th e r d is tin c t p a tte rn s  can be seen in  tra c k s  3, 9, 10 and  14.

F u r th e r  w ork  will he req u ired  to  assess fu lly  th e  re p ro d u c ib ility  of th e  
R F L P  ty p in g  m ethod . H ow ever, p re lim in a ry  d a ta  from  the ex am in a tio n  of 
d iffe ren t cu ltu res  of th e  sam e s tra in  an d  o f epidem iologically  linked  s tra in s  is 
encouraging . To d a te  the  p a tte rn s  o b ta in ed  in  these cases have  been in d is tin 
guishable. E v a lu a tio n  of a sim ilar m eth o d  for ty p in g  L .pneum ophila  s tra in s  
has show n th a t  R F L P s, w hich are th e  basis o f th e  m ethod , are v e ry  stab le  [7].

I t  is a n tic ip a te d  th a t  th e  m e th o d  described  here will be of v a lu e  in  
epidem iological stud ies of L.monocytogenes p a rticu la rly  for serogroup 1/2 
s tra in s .
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GENE PROBES FOR THE DETECTION OF 
LISTERIA  SPP.

M i c h a e l a  L e i m e i s t e r - W ä c h t e r  and  T. C h a k r a b o r t y  

Institute of Genetics and Microbiology, University o f Würzburg, Würzburg, FRG

F o u r cloned genes o f Listeria monocytogenes coding fo r lis te rio ly s in  O, be ta -h aem o ly sin , 
C A M P-factor and a  D T H -inducing  p ro te in  (D T H -18) w ere used  as gene p ro b es in  D N A -D N A  
h y b rid iza tio n  w ith  d iffe re n t lis te ria l references stra in s . T he frag m e n t encoding  for D TH -18 is 
th e  on ly  probe reac tin g  specifically  w ith  p a th ogen ic  s tra in s  o f L. monocytogenes and  Listeria 
ivanovii.

Several recen t o u tb reak s of listeriosis t ra n sm itte d  b y  co n tam in a ted  
food, like soft cheese [1], m ilk [2], or coleslaw [3] have  em phasized  th e  need 
fo r a rap id  m eth o d  in  d etec tion  and  id en tifica tio n  of th e  b ac te riu m . An a l
te rn a tiv e  to  the  tim e-consum ing  s ta n d a rd  cu ltu ra l m eth o d  is th e  use of specific 
D N A  probes in D N A  h y b rid iza tio n  [4]. Specific probes for p a th o g en ic  Listeria  
shou ld  ideally  be genes encoding v iru lence facto rs. P u ta tiv e  fac to rs  c o n tr ib u t
in g  to  th e  viru lence o f Listeria  include haem olysins [5, 6], a C A M P-factor 
[7, 8] and  a p ro te in  causing  delayed  ty p e  h y p e rsen s itiv ity  (D T H ) [9]. The 
genes coding these fac to rs  have been iso lated  from  a reco m b in an t lis te ria l 
gene lib ra ry  and  w ere used  as probes in  so u th e rn  h y b rid iza tio n .

M aterials and m ethods

A gene library o f Listeria monocytogenes E G D  serovar l /2 a  (o b ta in ed  from  S. H . E . 
K a u fm a n n )  has been c o n s tru c ted  in  Escherichia coli D H 5 alp h a  w ith  p lasm id  pUC18 using 
s ta n d a rd  cloning p rocedures [10]. R eco m b in an ts  were iso la ted  v ia  im m uno-co lony  b lo ts w ith  
h y p e rim m u n e  an tisera  ag a in s t strep to ly sin  О (a g ift o f J .  A louf), lis te rio ly s in  О an d  a soluble 
frac tio n  of stra in  E G D  cap ab le  of eliciting D T H -reac tio n  in  im m u n e  m ice a n d  in ducing  p ro li
fe ra tiv e  responses of T -ly m p h o cy tes  from  Listeria-im m une m ice [11].

Gene probes w ere o b ta in e d  b y  d igesting  th e  p lasm ids w ith  a p p ro p ria te  re s tric tio n  
endonucleases to  o b ta in  in te rn a l frag m en ts  o f th e  genes. T h e  frag m en ts  w ere e lu ted  from  
agarose  gels and rad io ac tiv e ly  labelled  w ith  a 32PdA T P .

For detection of homologous sequences to  th e  d ifferen t p robes used , d iffe ren t chrom osom al 
D N A s w ere cu t w ith  re s tr ic tio n  endonucleases and  D N A  h y b rid iz a tio n  w as p e rfo rm ed  by  
p re h y b rid iz in g  n itrocellu lose filte rs  for 4 h  a t  65 °C in 6 x  SSC (1 X SSG —0.15 м  NaCl, 0.015 
M  N a 3 c itra te ) , 0 .1%  SD S, 5 x  D e n h a rd t’s (1 X D e n h a rd t’s =  0 .02%  F ico ll, 0 .02%  p o ly 
v iny lp y rro lid o n e , 0 .02%  b o v ine  serum  album ine), 100 ^g /m l d e n a tu red  sa lm on sperm  DN A. 
T he rad io labe lled  probe w as th e n  added  an d  th e  b lo t in cu b a ted  over n ig h t a t  65 °C. T he filte rs 
w ere w ash ed  tw ice for 30 m in , each  a t  55 °C in  0.2 X SSC, 0 .1%  SDS.

M ic h a e l a  L e im e is t e r -W ä c h t e r , T . Ch a k r a b o r t y  
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R esu lts

R esu lts  o f  D N A  hybrid ization  w ith  th e  d ifferen t p robes are  sum m arized  in 
T ab le  I.

Table I

H ybridization  reactions o f  d ifferent Listeria type strains with D N A  probes enconding listeriolysin 0  
( internal fragment or oligonucleotides M 27 and И З l ). ß-haem olysin , C A M P -factor and D T H  18

R ef. No. B io ty p e S ero ty p e

LisO

listerio lysin

M27

H y b rid iz a tio n  reac tio n  

0
- ß-h\y

M34
CA M P D T H  18

E G D L . monocytogenes l /2 a _ 1_ + - j- 4 -

SLCC 5764 L. monocytogenes l /2 a + + + + + +

NCTC 7973 L . monocytogenes l /2 a + + + + + +

SLCC 53 L. monocytogenes l /2 a + + + + + +

SLCC 4013 L. monocytogenes 4b + + + + + +

SLCC 5489 L. monocytogenes 4b + + + + + +

NCTC 5105 L . monocytogenes 3a - i- + + + + +
ЛТСС 19119 L . ivanovii 5a + — + + + +

NCTC 11288 L . innocua 6a — — + + + —
SLCC 5334 L. ivelshimeri 6a — — + + + —
SLCC 3954 L . seeligeri l /2 b + — + + + -

L. m urrayi — + — — — —

L. grayi — + — — — —

Listerio lysin  0

All stra ins of L . monocytogenes te s te d  ( l/2 a , 4b , 3a) h y b rid ized  w ith  th e  
0.9 k b  in te rn a l f ra g m e n t of lis te rio ly sin  0 .  L isteria  seeligeri an d  Listeria  
ivanovii gave p o sitiv e  signals a lb e it w ith  a d ifferen t se t of re s tr ic tio n  frag 
m en ts . Using d iffe ren t o ligonucleotide probes from  th e  C -term inus of lis te rio 
ly s in  О positive reac tio n s  were even  o b ta in ed  w ith  L isteria  welshim eri, L isteria  
m u rra y i and L isteria  grayi.

Beta-haem olysi n

The second haem o ly tic  p rinc ip le  iso lated  encodes a p u ta tiv e  /3-haemo- 
ly s in  p resen t on a 0.8 kb E co R I frag m en t. This D N A  probe re a c te d  w ith  all 
L isteria  stra ins ex cep tin g  L . m urrayi an d  L. grayi.

C A M P -factor

Sim ilar re su lts  were o b ta in ed  w ith  a 0.4 k b  N d e l-H p a l frag m en t of 
pL M l encoding th e  C A M P-factor. All Listeria  s tra in s  excep t L . m urrayi an d  
L . grayi hybrid ized  w ith  th is  p robe .

Acta Microbiologica Hungarica 36, 1989



G EN E PR O B ES FOR D ETECTIO N 213

dth-18

The 1.1 kb  gene probe coding for th e  18 kD  D T H -in d u c in g  p ro te in  
show ed specific signals w ith  all L . monocytogenes s tra in s  an d  L . ivanovii. 
No h y b rid iza tio n  re a c tio n  could  be d e tec ted  w ith  all o th e r  Listeria  species 
even w hen  less s tr in g e n t h y b rid iza tio n  and  w ash ing  co n d itions were used. 
T he efficacy  of th e  probe has recen tly  been  s tu d ied  (see also th e  co n trib u tio n  
of S. N o te rm an s) te s tin g  a large n u m b er of d ifferen t Listeria  s tra in s  and  con
firm s ou r resu lts.

D iscussion

W e have used  four cloned p u ta tiv e  v iru lence fac to rs  as probes for 
Listeria  species in  so u th e rn  h y b rid iza tio n  assays. Two of th e m , nam ely  /?-hae- 
m olysin an d  C A M P-factor, w ere show n to  be specific fo r th e  genus Listeria  
excep ting  L . m urrayi an d  L . grayi and  can  there fo re  be used  to  de tec t Listeria  
species o th e r  th a n  L . m urrayi an d  L . grayi

A lthough  th e  lis terio ly sin  О is to  da te  th e  on ly  fa c to r  show n to  be 
invo lved  in  the  pa thogenesis  of lis te ria l in fections in  a m ouse m odel [5, 6] 
th e  gene probes te s te d  so fa r  are n o t specific for p a th o g en ic  Listeria. O th er 
frag m en ts  from  th e  lis terio ly sin  О gene or sy n th e tic  o ligonucleotides have to  
be te s te d  to  o b ta in  a m ore specific gene p robe.

T he gene p robe encoding  th e  D T H -18 p ro te in  is th e  o n ly  probe specific 
for pa thogen ic  L isteria . W e believe i t  to  be th e  probe of choice in  th e  use in  
id en tify in g  p a th o g en ic  Listeria.
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THE USE OF THE LISTERIA MONOCYTOGENES 
DTH GENE FOR THE DETECTION OF 

PATHOGENIC BIOVARS IN FOOD

S. N o t e r m a n s , K . W e r n a r s  a n d  T. C h a k r a b o r t y

In stitu te  o f  Public Health and E nvironm enta l Protection, Billhoven, The N etherlands, 
In stitu te  o f  Genetics and M icrobiology, U niversity  o f  W ürzburg, W urzburg, F R G

A gene p ro b e  encoding a Listeria  monocytogenes delayed  ty p e  h y p e rsen s itiv ity  fa c to r 
(D T H ) w as used  fo r th e  de tection  of p a th o g en ic  b io v ars /sero v ars  of th e  genus Listeria  iso la ted  
from  so ft cheese. A to ta l  of 187 s tra in s , iso la ted  b y  p la tin g  techn iques, w ere screened. T he 
p ro b e  re ac te d  w ith  all iso lated  serovars o f L . monocytogenes (excep t one 4b  s tra in )  an d  d id  
n o t re a c t w ith  a n y  of the  Listeria innocua  s tra in s . U sing  th e  m ouse b io-assay , as described  b y  
K au fm an n , a s ign ifican t corre lation  w as fo u n d  be tw een  probe reac tio n  a n d  p a th o g en ic ity .

O u tb reak s  of listeriosis caused  b y  in d ire c t transm ission  by  food, have 
been tra c e d  to  d a iry  p ro d u c ts  [1, 2] an d  to  vegetab les [3]. C u rren t m ethods 
for iso la tio n  an d  d e te rm in a tio n  o f Listeria  monocytogenes are  laborious an d  
tim e-consum ing . The procedure  includes en rich m en t in  (selective) liqu id  
m edia, su b seq u en t p la tin g  o f th e  e n rich m en t flu id  on iso la tion  m edia an d  
te s tin g  o f su spec ted  colonies b y  a n u m b e r of biochem ical an d  serological te s ts . 
A lte rn a tiv e  m eth o d s for rap id  an d  re liab le  d e tec tio n  of L. monocytogenes in  
food sam ples are  requ ired . A prom ising  tech n iq u e  is th e  use of D N A  h y b rid 
iza tion  an d  a D N A  probe specific for L . monocytogenes. R ecen tly , a probe 
encoding  a d e layed  ty p e  h y p e rsen s itiv ity  fac to r  (D T H ) has been  described  b y  
us [4]. T his D N A -probe reac ted  w ith  all reference stra in s of L . monocytogenes 
an d  L isteria  ivanovii except for L . monocytogenes of serogroup 4a. H y b rid 
iza tio n  w as fo u n d  to  be ab sen t in  L isteria  seeligeri, Listeria grayi, L isteria  
m urrayi, L isteria  innocua  and  L isteria  welshim eri. In  th is  s tu d y  we describe 
th e  screening  o f 187 Listeria  s tra in s  iso la ted  fro m  soft cheeses fo r th e  presence 
of th e  gene. F u rth e rm o re  a n u m b e r of s tra in s  were te s ted  for p a th o g en ic ity  
using th e  m ouse bio-assay as described  b y  K au fm an n  [5].
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N a tio n a l I n s t i tu te  o f  P u b lic  H e a lth  an d  E n v iro n m e n ta l P ro te c tio n  
P .0 .  B o x  1, 3720 B A  B ilth o v e n , T he N e th e rlan d s

T . C h a k r a b o r t y
I n s t i tu t  fü r  G en e tik  u n d  M ikrobiologie, U n iv e rs i tä t  W ü rz b u rg  
R ö n tg en rin g  11, D -8700 W ü rz b u rg , F R G

A cta  M icrobiologica H ung a rica  36 , 1989  
A k a d ém ia i K ia d ó , B u d a p est



216 NOTERM ANS et al.

M aterials and  m ethods

Cultures. S tra ins w ere  iso la ted  from  so ft cheeses an d  from  o th e r food p ro d u c ts  b y  
c o n v en tio n a l techniques. A d d itio n a lly , L. monocytogenes (s tra in  É G D ), L . grayi (s tra in  L499) 
a n d  L . m urrayi (s tra in  L 497) w ere used. All s tra in s  w ere se ro ty p ed  according to  th e  an tig en ic  
schem e of Seeliger and  H ö h n e  [6]. B io typ ing  w as according to  R o co u rt e t al. [7].

D N A  probe. P la sm id  pLM IO [4] is a pU C 18-clone co n ta in in g  an  1.1 kb  L . monocytogenes 
D N A  in se rt. This in se rt, enco d in g  a delayed ty p e  h y p e rsen s itiv ity  fa c to r  (D T H ) was excized 
a n d  p u rified  by  two successive  ru n s  of agarose gel e lectrophoresis an d  e lectroelu tion . To serve as 
a  p ro b e , 200 ng of th is D N A  w as 3ZP  labelled b y  th e  m eth o d  of F e in b erg  and  V ogelstein  [8].

Colony hybridization. T h e  colony h y b rid iz a tio n  p rocedure  used  was described p rev io u sly
m .

M ouse bio-assay. P a th o g e n ic ity  of L isteria  s tra in s  was te s te d  in  a m ouse b io -assay  as 
desc rib ed  by K aufm ann  [5]. I n  th is assay 104-1 0 5 b a c te r ia  are in jec ted  in trav en o u sly  in to  m ice. 
A fte r  2 o r 4 days th e  an im a ls  a re  sacrificed an d  th e  n u m b er o f L isteria  a re  de term ined  p re sen t 
in  th e  spleen. S tra ins a re  considered  pa thogen ic  i f  th e  n u m b er of b ac teria  found , exceeds th e  
n u m b e r th a t  was in je c te d  previously .

R esults and  discussion

An ideal p robe  fo r detection  of L . monocytogenes w ould be a probe en co d 
in g  a well un d ersto o d  v iru lence fac to r. H ow ever, th e  m echan ism  of pa th o g en ic  
a c tio n  of L. monocytogenes is poorly  u n d ersto o d . A m ong th e  fac to rs  th a t  
a p p e a r  to  c o n tr ib u te  to  th e  v iru lence of L . monocytogenes are haem olysins 
[10—13], invasive fa c to rs  [14], fac to rs  th a t  cause delayed  h y p ersen sitiv ity  
[5, 15]. In  th is  s tu d y  we have used  a D N A  probe encoding a de layed  ty p e  
h y p ersen sitiv ity  fa c to r . Listeria  s tra in s  iso la ted  from  soft cheeses were te s te d  
fo r h y b rid iza tio n  re a c tio n  w ith  th is  p robe . S ero types and  bio types of Listeria  
s tra in s  iso lated  fro m  soft cheeses are sum m arized  in  T able 1. O f L. mono
cytogenes only s tra in s  o f serovars l/2 a , 1 /2b and  4b w ere found . All these  s tra in s , 
ex cep t one 4b s tra in , reac ted  w ith  th e  D N A  probe used. All o th e r Listeria  
s tra in s  iso lated  w ere o f  b io v ar L. innocua  an d  belonged to  serogroups 6a an d  6b. 
N one of these L . innocua  stra ins re a c te d  w ith  th e  D N A  probe. These re su lts  
arc  in  accordance w ith  those found  earlie r [9].

Table I

D N A  hybridization reactions o f  serotypes and biotypes o f  L isteria strains isolated fro m  soft cheeses by 
plating techniques using  D N A  probe encoding a delayed type hypersensitivity factor

N o.
o f

s tra in s
S erovar

B io ty p e
(frequency)

N u m b e r (an d  p e r  cent) w ith 
h y b rid iz a tio n  signals

77 l/2 a L . monocytogenes 77 (100% )
10 l/2 b L. monocytogenes 10 (100% )

7 4b L. monocytogenes 6  ( 8 6 % )

62 6a L . innocua 0 (0% )
31 6b L. innocua 0 (0% )
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Tabic I t

Persistence o f  L isteria strains in  spleens o f  intravenously infected mice* 
P a th o g en ic ity  te s t described b y  K aufm ann [5]

S tra in B iovar S erovar Iso la tio n  source
H y b rid iza tio i

reac tio n * *
a 10log coun t/g  o f sp leen***

d ay  2 d a y  4

E G D L . monocytogenes l /2 a ref. s tra in + 7.4 8.3 +
L44 L . monocytogenes l /2 b soft cheese -f- 6.2 7.1 +
L83 L . monocytogenes l/2 c food 5.4 +  4 “

L19 L . monocytogenes 3a food + 6.4 6.5
L12 L . monocytogenes 3b food + 8.4 +  +
L98 L . monocytogenes 3c food + 8.2 +  +
L99 L . monocytogenes 4a faeces — 6.0 5.9 +
L49 L . monocytogenes 4b soft cheese ~Jr 7.0 +  +
L148 L . monocytogenes 4b soft cheese + 6.5 +  +
L311 L . monocytogenes 4b soft cheese + 8.3 +  +
L312 L . monocytogenes 4b soft cheese — 5.2 +  +
L578 L . seeligeri 4c food — < 2 .0 < 2 .0
L73 L . innocua 6a soft cheese — 2.0 3.7
L106 L . innocua 6b soft cheese — < 2 .0 < 2 .0
L498 L . grayi ref. s tra in — < 2 .0 < 2 .0
L457 L . m urrayi ref. s tra in — < 2 .0 < 2 .0

* 104-1 0 5 of organism  were in jec ted  respectively  in 4 mice 
** H ybrid iza tion  was carried  o u t using th e  D T H  gene as probe 
*** A verage of two m ice; - f  m ouse died before sam pling

Seven s tra in s  iso la ted  from  soft cheeses and  9 con tro ls  were te s ted  for 
p a th o g en ic ity  in  th e  m ouse b io-assay . W ith  th is  te s t p a th o g en ic ity  was observed  
fo r all L . monocytogenes s tra in s  te s ted  (T able I I ) . Also a s tra in  of serovar 4a 
an d  th e  s tra in  of serovar 4b iso la ted  from  soft cheese, w h ich  d id  no t re a c t 
w ith  th e  D N A  probe, were p a thogen ic . W ith  all o ther b io v ars  negative  re su lts  
w ere ob ta in ed  an d  in  m ost cases th e  o rgan ism s had  been  c leaned  from  th e  
sp leen  of th e  te s t  anim als. These find ings dem o n stra tes  a s tro n g  corre la tion  
be tw een  p a th o g en ic ity  and  th e  presence o f th e  D T H -gene Listeria  s tra in s . 
P rev io u sly  D a tta  e t al. [16] te s te d  a h aem olysin  gene p ro b e  for de tec tion  of 
Listeria . H ow ever, b y  a lack  of d a ta  re la tin g  to  b io type , se ro v ar an d  haem oly tic  
a c tiv ity  it  is no t possible to  in te rp rè te  th e ir  resu lts  in re la tio n  to  p a th o g en ic 
i ty . Since s trong  hom ology ex ists b e tw een  listerio lysin , s trep to ly s in  0  an d  
pneum olysin -genes [17, 18] it  m ay  be ex p ec ted  th a t  a D N A -probe encoding 
lis te rio ly sin  will cross reac t w ith  these  re la te d  tox in-genes w hen  te s tin g  sam ples 
fo r th e  presence of L. monocytogenes. F u rth e rm o re  i t  has b een  d em o n stra ted  
a lread y  th a t  the  listerio lysin  gene is p resen t in  L . grayi and  L . m urrayi, s tra in s  
w hich are reg ard ed  as non-pathogen ic .

The resu lts  o b ta ined  w ith  th e  D N A  probe encoding a D T H  fac to r prove 
th a t  is su ited  for de tec tion  of pa thogen ic  Listeria  s tra in s p re se n t in  food.
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T he colony h y b rid iz a tio n  p rocedure can  be used  for co n firm in g  the  presence 
of L . monocytogenes on ag a r p lates. Also en rich m en t c u ltu re s  can be te s te d  
d ire c tly  for th e  p resence  of L . monocytogenes b y  using a f i l tra tio n  tech n iq u e . 
In  th e  n ear fu tu re , how ever, i t  m igh t be possible to  d e te c t sm all num bers of 
L . monocytogenes in  food  b y  th e  so called  po lym erase c h a in  reac tio n  m e th o d  
as described  b y  V erlaan -d e  Vries e t al. [19]. W ith  th is  te c h n iq u e  ta rg e t D N A  
is rep ro d u ced  using  an  in  v itro  tech n iq u e .
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FURTHER RESULTS AND EXPERIENCES WITH 
PHAGE-TYPING OF LISTERIA

S. O r t e l

Institu te  o f  M edical Microbiology and Epidem iology, Reference Laboratory fo r  
Listeriosis, M artin  Luther U niversity , H a lle /S , GDR

R e su lts  o f  p h a g e - ty p in g  o f  22 s t r a in s  f ro m  16 l is te r io s is  cases, w h ich  w e re  iso la te d  
d u r in g  a n  ep id e m ic  o u tb re a k  in  th e  d is t r ic t  o f  M a g d e b u rg , sh o w e d  t h a t  m o s t s t r a in s  w ere  
d e te rm in e d  b y  th e  o c ta l  co d es  73611, 7 3 6 1 5 ,7 3 6 5 5 , 73645 . W e  su p p o s e  t h a t  th is  w as th e  e p id e m ic  
s t r a in ,  a lth o u g h  also  o th e r  p h a g e -p a tte rn s  (40000 , 00600 , 0 3 200) w e re  fo u n d . T h e  so u rc e  o f  th e  
e p id e m ic  o u tb re a k  c o u ld  n o t  c le a re d  u p . T h e  p u rp o se  o f  f u r th e r  in v e s tig a tio n s  w as to  e s ta b l is h  
h o w  fa r  p h a g e -p a tte rn s  o f  Listeria  fro m  th e  sa m e  p a t i e n ts  f ro m  d if fe re n t  m a te ria ls  m ig h t  b e  
id e n t i f ie d  a s  id e n t ic a l ,  s im ila r  o r  d if fe re n t.  W e g iv e  e x a m p le s  o f  ty p in g  re su lts  in  l / 2 a  a n d  4b  
s t r a in s  a n d  c o m p a re  th e  r e s u l ts  c o n ce rn in g  an  s ig n if ic a n t  o r  n o n -s ig n if ic a n t  a lte ra t io n .

F rom  M ay u n til  O ctober 1985, in th e  d is tr ic t o f M agdeburg an  accu m u 
la tio n  of listeriosis w as observed [1]; 16 p re m a tu re  bab ies  and  in fa n ts  an d  
one a d u lt becam e ill, 9 of th e  fo rm er d ied  or were b o rn  dead.

M aterials and  m ethods

The L isteria  strains  a n d  c lin ica l d a ta  fro m  th i s  o u tb re a k  w e re  o b ta in e d  fro m  th e  I n s t i t u t e  
o f  M ed ica l M ic ro b io lo g y  o f  th e  M ed ica l A c a d e m y  o f  M a g d e b u rg . T h e  s t r a in s ,  in c lu d in g  th o s e  
f ro m  o u r  l a b o r a to r y  w e re  s e ro ty p e d  w ith  fa c to r - s e ra  a n d  p h a g e - ty p e d  w ith  th e  i n te r n a t io n a l  
p h a g e -s e t  [2 ]. F o r  i n te r p r e t a t i o n  o f  th e  re s u l ts  th e  O c ta l-C o d e  s y s te m  w as u se d  [3].

R esults

F igu re  1 show s th e  d is trib u tio n  of th e  cases. I t  d em onstra tes th a t  th e  
f irs t case was observed  in  M ay, fu r th e r  cases followed in  Ju n e , Ju ly  and A u g u st; 
th e  epidem ic la s ted  u n til  O ctober. The h ig h est in c id en ce-ra te  was observed  
in  A ugust w ith  6 cases. T he slow ascent, p eak  an d  fa lling  off, is usually  ty p ic a l 
fo r epidem ic ou tb reak s.

In  T ab le  I th e  re su lts  of sero typ ing  an d  p h a g e -ty p in g  and  some clin ical 
d a ta  of th e  cases are sum m arized . All th e  25 iso la ted  s tra in s  from  17 p a tie n ts  
belonged to  serovar 4b . C oncerning th e  p h a g e -p a tte rn s , th e  firs t iso la ted

Siegfried Ortel

In s t i tu te  o f  M edical M icrobiology a n d  E p id em io lo g y , M artin  L u th e r  U n iv e rs ity  
L en inallee  6, 4020 H alle /S . G D R
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F i g .  1 .  D is t r ib u tio n  o f  l is te r ia  cases d u r in g  th e  e p id e m ic . C losed c o lu m n s , s t i l lb o rn  o r  f a ta l
cases

Table I

S e r o v a r s  a n d  p h a g o v a r s  o f  t h e  i s o l a t e d  L .  m o n o c y t o g e n e s  s t r a i n s

P a t ie n t S ex B orn 111 d a te Source S erovar
P h agovar

(Code) Clinical

1 f 23. 5.85 28. 5.85 liv e r 4b 71615* re s p ira to ry
lu n g 4b 7 3 6 1 5 ® d is tre s s  sy n d ro m e , 

s t i l lb o rn  d ied
2 m 25. 6.85 26. 6.85 C SF 4b n .ty p . m e n in g itis  d e a d
3 m 3. 6.85 27. 6.85 C SF 4b 40000 m e n in g itis
4 m 2. 7.85 8. 7.85 g u t 4b n .ty p . a b o r tu s  s tillb o rn
5 f 8. 7.85 12. 7.85 b ra in 4b 73611* a b o r tu s  s tillb o rn
6 f 19. 7.85 24. 7.85 sm all g u t 4b 73605* p re m a tu re  b i r th ,

d e a d
7 m 6. 8.85 11. 8.85 b lood 4b 00600 p re m a tu re  b ir th ,

se p tic a e m ia e
8 m 13. 8.85 14. 8.85 m eco n iu m 4b 01640 p re m a tu re  b i r th
9 f 21. 8.85 24. 8.85 sto m a c h 4b 01601 m e n in g itis

a u d ito ry  p a ssa g e 4b 73615* d ied
10 m 21. 8.85 31. 8.85 C SF 4b 03200 m e n in g itis

eye 4b 43200

11 m 23. 8.85 23. 8.85 b lood 4b 41601 p re m a tu re  b ir th ,
d e ad

12 f 28. 8.85 28. 8.85 s to m a c h 4b 73655* m e n in g itis
b lood 4b 73645*

13 m 19. 9.85 29. 9.85 sm all g u t 4b s tra in s
g u t 4b no m ore a b o r tu s
b ra in 4b a v a ilab le d e a d
liv e r 4b fo r ty p in g

14 f 6.10.85 17.10.85 C SF 4b 51645 m e n in g itis
15 f 17.10.85 17.10.85 s to m a c h 4b 4 3 6 5 5 0 re s p ira to ry

b lood 4b 4 3 6 4 5 0 d is tre s s  sy n d ro m e
died

16 f 20.10.85 23.10.85 C SF 4b 73645* m e n in g itis
17 f 6. 5.63 24.10.85 u rin e 4b 4 3 6 5 1 0 n e p h r it is

•  n o n -s ig n if ic a n t a lte ra t io n  
О q u e stio n a b le  a lte ra t io n
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stra ins (in M ay) co rresponded  to  codes 71615 a n d  73615 and  m ost s tra in s , 
w hich were iso la ted  la te r  on fell in to  sim ilar or id en tica l codes, as for in s tan ce  
71615, 73615, 73611, 73605, 73615, 73655, 73645. T h e  a lte ra tio n  is no t s ign if
ican t, i.e., these  ty p es  could  have  o rig ina ted  from  th e  epidem ic s tra in . Also 
listeriae w ith  codes 43655, 43645, 43651 m igh t he s im ila r to  one a n o th e r. 
H ow ever, s tra in s  w ith  codes 40000, 00600, 01640, 01601, 03200, 43200, 41601 
and  tw o n o n -ty p eah le  s tra in s , were qu ite  d ifferen t from  th e  proposed epidem ic 
stra ins and  h a d  no association  w ith  th e  epidem ic.

The geograph ica l d is trib u tio n  of th e  cases an d  th e ir  p h ag e -p a tte rn s  
are show n in  F ig . 2. I t  dem o n stra tes  th a t  th e  listeriosis-cases d is trib u ted  over 
th e  whole d is tr ic t o f M agdeburg  and  w ere observed  in  th e  S ou th , in th e  M iddle 
and in th e  N o rth . T he p h ag e -p a tte rn s  73615, 71615, 73655, 73605 were p re 
p o n d eran t in  l i ttle  v illages, w hereas in  th e  c ity  d iffe ren t phage p a tte rn s  of 
non-epidem ic s tra in s  w ere m ore often  observed, also non-epidem ic-strains. 
Serotyping, p h ag e -ty p in g  an d  epidem iological inqu iries allow ed no conclusion 
as to  the  source of th e  o u tb reak . The resu lts  o f phage ty p in g  show, th a t  d u ring  
th e  o u tb reak  in  th e  en v iro n m en t s tra in s  of d ifferen t p h ag e -p a tte rn s  m ay have  
occurred and  th a t  th e  n u m b er of in fected  m others and  o th e r  persons m ight h av e  
been higher th a n  th a t  o f th e  m an ifest listeriosis cases. O u r fu r th e r  experiences

F i g .  2 .  G e o g ra p h ic a l d is t r ib u t io n  o f  p h a g e  p a t t e r n s  in  th e  d i s t r ic t  o f  M ag d eb u rg
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Table I I

Phage patterns o f  L . monocytogenes 4b strains isolated fro m  different sites o f  the same patients

Case Source Serovar
P h a g o v a r

(Code)

1 p re m a tu re  b a b y b lood 4b 04610
th ro a t 4b 11601
sto m a c h 4b 01601
ear 4b 11601
eye 4b 01611
nose 1 4b 01601
m eco n iu m 4b 00601
nose I I 4b 33601

2 p re m a tu re  b a b y m ec o n iu m 4b 41611
th r o a t 4b 01600
s to m a c h 4b 23600
eye 4b 03600

3 p re m a tu re  b a b y s to m a c h 4b 13601
ear 4b 00201
th r o a t 4b 41615
b lo o d 4b 01601
m e c o n iu m 4b 41605

m o th e r lo ch ia 4b 43605
faeces 4b 41605

4 p re m a tu re m ec o n iu m 4b 51601
b a b y th r o a t 4b 53601

s to m a c h 4b 53615

m o th e r lo ch ia 4b 73615

5 p re m a tu re th r o a t 4b 01240
b a b y e a r 4b 01240

C SF 4b 01240
m e c o n iu m 4b 01240

w ith  p h ag e-ty p in g  dea l w ith  re su lts  we o b ta ined  for s tra in s  iso la ted  from  th e  
sam e p a tie n ts  a t d iffe ren t sites (T able  II) .

Case 1 d em o n stra te s  serovars an d  p h ag e -p a tte rn s  from  8 d ifferen t 
specim ens of th e  sam e p a tie n t. T h e  ty p in g  of the d iffe ren t s tra in s  show  no 
s ig n ifican t a lte ra tio n , because th e  th re e  end-digits o f th e  code w ere n ea rly  
id en tica l.

Also in  Case 2 th e re  seem s to  he  no significant a lte ra tio n  of th e  s tra in s  
in  th e  four d iffe ren t sites, because th e  end-digits of th e  code were iden tica l.

In  th e  th ird  case we show  a com parison  betw een  s tra in s  of th e  b a b y  and  
h is  m other. Also in  th is  exam ple we have a non -sign ifican t a lte ra tio n , excep t 
one  s tra in  iso la ted  from  th e  ear. T h is s tra in  belonged to  code 00201.
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T a b le  I I I

Phage patterns o f L .  monocytogenes isolated fro m  different sites o f  the same patients ; n o n sig n ifica n t
alteration

Case Source S ero v ar P h ag o v ar

4 stom ach l/2 a 00020
meconium l/2 a 00020
ear l/2 a 00020
eye l/2 a 00020

12 blood 4b 01600
stom ach 4b 01601
m econium 4b 00601
ear 4b 11601
eye 4b 01611
nose 4b 01600
th ro a t 4b 11601

15 meconium 4b 41611
stom ach 4b 23600
eye 4b 03600
th ro a t 4b 01600

Sim ilar resu lts a re  d em o n stra ted  in  th e  fo u rth  exam ple , as th e  s tra in  
of th e  m o th er, iso la ted  from  lochia, is id en tica l w ith  th e  s tra in s  iso lated  from  
th e  b ab y .

In  Case 5, all s tra in s  from  d ifferen t m a te ria ls  also show  id en tica l phage- 
p a tte rn s . Table I I I  show s sim ilar resu lts  in  th ree  o th e r p a tien ts .

Discussion

T his synopsis an d  ou r experiences in  th is  field d em o n stra te s  th a t ,  as 
also show n by  o th e r a u th o rs  [4-11] p h ag e -ty p in g  gives re liab le  resu lts  in  
epidem iological p rob lem s. B u t th e  in te rp re ta tio n  of p h ag e-ty p in g  resu lts  b y  
using  each  15 phages fo r ty p in g  serovar l /2 a  an d  serovar 4b giving 5 code 
d ig its show s th a t  th re e  iden tica l d ig its shou ld  be necessary  to  determ ine 
a s tra in  to  be of th e  sam e k ind . F u r th e r  investig a tio n s m ay  show , w hether we 
can  conclude com m on d irections of th ese  re su lts . The O ctal Code, w hich is 
also used  b y  o ther a u th o rs  [4, 5, 9 -12] w ith  success in  epidem iological in v es ti
g a tion  an d  in  con firm atio n , repo rting  an d  com paring  resu lts  involves the  
d e fin ition  of ch a rac te ris tic  reactions, especially  if  th e  n u m b er of phages used 
is la rg e r th a n  20 or 30.

R alov ich  and  co-w orkers [11] h av e  also show n a lte ra tio n s  of phage- 
p a tte rn s  an d  b io types in  d ifferen t m a te ria ls  of th e  sam e  p a tie n ts ; in  such 
cases a lte ra tio n s  were possib le and  p h ag e -ty p in g  should  be used  w ith  g rea t 
cau tio n  in  epidem iological w ork  and  conclusions.
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INTERNATIONAL PHAGE TYPING CENTER FOR 
LISTERIA: REPORT FOR 1987

J o c e l y n e  R o c o u r t  and  B é n é d i c t e  C a t i m e l  

U nit o f  Bacterial Ecology, In stitu te  Pasteur, P aris, France

A to ta l  o f 3400 Listeria  s tra in s  w ere  sen t for id en tifica tio n  a n d /o r phage ty p in g  d u rin g  
1987. T hese  s tra in s  m ain ly  o rig inated  fro m  E u ro p e . T h ey  w ere iso lated  from  hum ans, an im a ls  
an d  m ostly  from  fo o d stu ffs, th u s re flec tin g  th e  increasing  in te re s t concerning th e  v iew  t h a t  
listeriosis is a fo o d b o rn e  disease. P hage  ty p in g  p ro v ed  to  be a useful too l for epidem io log ical 
su rvey . T h a t  w as especially  evidenced d u rin g  s tu d ies  o f th e  o u tb rea k  of h u m an  lis te rio s is  
in  Sw itzerland , fo r w hich  a co n tam in a ted  cheese w as in c rim in a ted  as th e  source of c o n ta m in a 
tion .

A m ong th e  m ethods so fa r described  for ty p in g  Listeria  isolates, se ro v a r 
d e te rm in a tio n  an d  phage ty p in g  rem ain  th e  m ost com m only  used b ecau se  
of th e  fine  ch a rac te riza tio n  of th e  s tra in s  th e y  p rovide. T heir usefulness h a s  
been  p o in ted  o u t several tim es, especially  d u rin g  ho sp ita l cross-infections as 
well as during  th e  recen t o u tb reaks of h u m a n  listeriosis [1 -5 ]. Phage ty p in g  
used  fo r s tu d y in g  som e of these epidem ics d em o n stra ted  th a t  s tra in s  iso la te d  
from  h u m an  path o lo g ica l sam ples, an d  in  som e cases from  foodstuffs, b e lo n g  
to  th e  sam e p h ag e  ty p e , thus s tro n g ly  suggesting  th a t  a p a rticu la r  food w as 
im p lica ted  as th e  source of h u m an  c o n tam in a tio n .

M ore th a n  10 000 stra ins w ere sen t to  th e  In te rn a tio n a l Phage T y p in g  
C en tre  for phage ty p in g  and/or id e n tif ic a tio n  since 1984. These s tra in s  o rig i
n a te d  from  31 v a rio u s countries of th e  w orld (F ig . 1). The p resen t re p o rt co n 
cerns s tra in s  received  in  1987.

M aterials and m ethods

S tra in s  w ere id en tif ie d  according to  p rev io u sly  described m ethods [6]. T he serogroup  
of Listeria  monocytogenes iso lates (w hen th e  se ro v ar w as n o t conveyed b y  th e  co rresp o n d en t) 
w as de te rm in ed  using  u n ab so rb ed  sera an ti-se ro g ro u p  1/2 and  an ti-serog roup  4. T he p ro ced u re  
used  fo r p hage  ty p in g  w as those  previously  s ta n d a rd ize d  du rin g  a m u lticen ter s tu d y , w ith  th e  
L. monocytogenes ph ag es selected  a t  th is occasion  an d  ex p erim en ta l phages for th e  o th e r species 
of th e  genus Listeria  [7 -9 ]. R esults w ere an a ly zed  using  an d  IB M  PC co m puter w ith  F illin g  
A ssis tan t d a ta  file.

J o c e l y n e  R o co ur t , B é n é d ic t e  Ca tim el  
I n s t i tu t  P a s te u r ,  U n ité  d ’Eco log ie  B ac térienne  
25 ru e  D r. R o u x , 75724 P a r is  C edex  15, F rance
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Fig. 1. G eographical d is tr ib u tio n  of stra in s . Shaded  areas, 1-49 s tra in s ; closed a reas, 50 or m ore s tra in s
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R esu lts and d iscu ssion

Characterization o f  the strains. A to ta l  o f 3394 s tra in s  w ere received d u rin g  
1987, from  13 d iffe ren t countries. Id e n tif ic a tio n , serogroup  d e te rm in a tio n  
and  phage ty p in g  re su lts  are  show n in  T ab les I and  I I .

Epidem iological aspects

France. See E sp aze  e t al. [10] in  th is  num ber.
Sw itzerland. Since th e  epidem ic of h u m a n  listeriosis w hich occurred  in  

1984 in  th e  d is tr ic t of V aud  [3], th is  in fec tio n  was p e rs is tin g  a t an endem ic

T ab le  I

Geographical origin o f  the strains and percentage o f  typeable strains according to species

L .  monocytogenes
C o u n try  -------------------------------------------------------- L . ivanovii L .  innocua L .  w elsh im eri L . seeligeri

1/2* 4*

France 907 (55% ) 459 (67% ) 2 325 (57% ) 6 75 (42% )
A ustria 14 1 0 0 0 0
Belgium 13 48 (87% ) 0 0 0 0
C anada 4 2 0 0 0 0
D enm ark 81 (45% ) 63 (82% ) 0 1 1 0
Spain 1 19 (95% ) 0 0 0 4
Fin land 66 (74% ) 31 (75% ) 0 14 0 0
Ita ly 37 (75% ) 39 (61% ) 0 46 (60% ) 0 3
N . Zealand 6 29 (97% ) 0 0 0 0
FR G 188 (43% ) 52 (67% ) 0 99 (49% ) 15 10
Sweden 4 8 0 0 0 0
Switzerl. 165 (54% ) 346 (91% ) 1 104 (50% ) 0 8
USA 16 (25% ) 12 0 0 0 0

T otal 1502 (53% ) 1109 (76% ) 3 (66% ) 619 (54% ) 22 (57% ) 100 (43% )

* Serogroups
T ab le  I I

Origin o f  the stra ins

Species H u m an A n im al Food* E n v iro n m en t

L . monocytogenes 602 195 1711 103
L . ivanovii 0 0 3 0
L . innocua 17 35 475 42
L . welshimeri 0 0 22 0
L . seeligeri 0 0 95 0
L . grayi 1 0 0 0

T otal 621 231 2306 145

* Food a n d  food indu stry
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level. S tra ins b e long ing  to  tw o phage ty p e s  (including th e  epidem ic one) 
w ere  regu larly  reco v ered  from  p a tien ts . C arefu l epidem iological in v estig a tio n s 
d u rin g  four y ea rs  led  to  iso la te  s tra in s  o f  th e  sam e phage ty p e s  from  a p a r t i 
c u la r  cheese, p ro v id in g  s tro n g  evidence t h a t  th is  food was responsib le fo r th e  
h u m a n  infection  [2].

Belgium . H u m a n  listeriosis is p a r tic u la r ly  well s tu d ie d  in  th is  c o u n try , 
th is  infectious disease being  included  w ith  som e others in  a surveillance p ro 
g ram . We receive each  y e a r all th e  s tra in s  collected  during  th e  p a s t year. A cco rd 
in g  to  th e  phage ty p e s , th e  evo lu tion  o f  h u m an  listeriosis seems to  he v e ry  
s im ila r to  th a t  o b serv ed  in  F ran ce : a g re a t m a jo rity  of spo rad ic  cases, so m e
tim e s  am plified  in  sm all clusters.

D enm ark. P h ag e  ty p in g  of s tra in s  recovered  from  p a tie n ts  betw een  1981 
a n d  1987 show ed th e  em ergence of a c lu s te r  o f stra ins ch a rac te rized  b y  a single 
p h ag e  ty p e , th u s  su ggesting  th e  occurrence o f a recent o u tb re a k  in  th is  c o u n try . 
N o re la tion , using  p h ag e  ty p in g , be tw een  th ese  stra ins an d  tho se  iso la ted  from  
foodstu ffs in  1987 could  be estab lished .

A ustria . S tra in s  from  six p a tie n ts  invo lved  in  an  o u tb re a k  d u rin g  J u ly
1986 were in d is tin g u ish ab le  by  phage ty p in g  [5].

FRG. A m ong 95 s tra in s  recovered  from  chicken, o n ly  25%  were phage 
ty p e a b le . This low  p ercen tag e  rem ains u n ex p la in ed  (we faced  sim ilar re su lts  
fo u r  years ago w ith  B elg ian  s tra in s  of th e  sam e origin). Tw o suspicions of cross
in fections in  n u rse ry  w ards were re in fo rced  by  phage ty p in g  (s tra in s w ith  
sam e phage ty p e ).

Ita ly. In  th e  F e rra ra  area, h u m a n  listeriosis was n ev er rep o rted  u n til
1987 w hen th e  f irs t  tw o  cases were d iagnosed . No re la tio n sh ip  be tw een  th e . 
p h ag e  ty p e  o f th ese  s tra in s  and  those  o f th e  stra ins iso la ted  from  foodstu ffs  
a n d  env iro n m en t [11] in  th is  area fo r th re e  years could be d e tec ted .

F inland . A to ta l  of 96 s tra in s  o f v e te rin a ry  orig in  w ere stu d ied . The 
p redom inance  of serog roup  1/2 s tra in s  am ong  Listeria monocytogenes iso la tes 
(80 % ) as well as th e  ph ag e  ty p es observed  resem bled those  prev iously  observed  
fo r  s tra in s from  sim ila r origin in  N orw ay  [12].

New Zealand. A  re tro sp ec tiv e  s tu d y  o f 35 stra ins co llected  from  p a tie n ts  
be tw een  1982 a n d  1986 suggested  th a t  cross-infections occurred  a t le a s t tw o 
tim es  in the  sam e h o sp ita l.

I t  m ay be concluded  th a t  phage ty p in g  u n d o u b te ly  p a r tic ip a te d  a g rea t 
dea l to  exp lain  som e aspects  of th e  epidem iology  of h u m a n  listeriosis, espe
c ia lly  in  c o n tr ib u tin g  to  d em o n stra te  t h a t  th is  in fection  m ay  be considered  
in  some cases as a foodborne disease. N evertheless, th e  percen tage  o f  non  
ty p eab le  s tra in s  w h ich  is som etim es re la tiv e ly  high (Table I I ) ,  as well as e v e n tu a l 
difficulties in  rep ro d u c ib ility  of som e resu lts , em phasize th e  necessity  to  
u n d e rta k e  ty p in g  u sin g  new  m ethodologies based on m olecular m ark ers  
as well.
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AN EPIDEMIOLOGICAL SURVEY OF HUMAN 
LISTERIOSIS IN FRANCE DURING 1987, USING 

SEROTYPING AND PHAGE TYPING

E . P . E s p a z e , D. G a u t r e a u , B é n é d i c t e  C a t i m e l , A. F. M i e g e v i l l e , 

J o c e l y n e  R o c o u r t  and A. L. C o u r t i e u

N ational L isteria Reference Center, N an tes , and U nit o f  Bacterial Ecology 
Institu te  P asteur , P aris, France

D uring  1987 th e  F re n c h  N a tional R eference  C enter for L isteria  received, from  th is  
co u n try , 384 Listeria monocytogenes s tra in s  iso la te d  from  h u m an  listeriosis cases. A c o n s ta n t 
exchange of in fo rm atio n  a n d  stra in s  betw een  th e  R eference C enter an d  th e  R acteria l E co logy  
U n it  o f th e  In s t i tu te  P a s te u r  o f P aris  allow ed co m p le te  c h a rac te riza tio n  of th ese  iso la tes , 
using  sero ty p in g  and phage ty p in g . Am ong th e  s tra in s  s tu d ied  22% , 13%  and  63% , re sp ec tiv e ly  
belonged to  serovars l /2 a ,  l /2 b ,  and  4b, b u t  th is  d is tr ib u tio n  can  v a ry  according to  p lace  an d  
tim e  of iso lation . O nly 58%  of stra ins w ere p h ag e-ty p ea b le  ( l /2 a :  29% ), ( l /2 b :  6 6 % ) an d  
(4b: 40% ). P hage  ty p in g  allows to  consider t h a t  F re n c h  h u m an  cases, in  1987, w ere m ain ly  
spo rad ic . H ow ever, a sm all n u m b er of cases co rresp o n d in g  to  sim ilar phage ty p es  cou ld  be  
c lu s te red  according to  p lace  a n d /o r tim e.

T hree  hu n d red  an d  e igh ty  four L isteria  monocytogenes s tra in s , iso la ted  
from  366 h u m an  listeriosis cases in  F ra n c e  du ring  1987, were se ro ty p ed  in  
th e  F ren ch  R eference C enter for L is te ria  (N an tes) an d  phage ty p e d  a t  th e  
B ac te ria l Ecology U n it of th e  P a s te u r I n s t i tu te  (P aris). T h rough  a p e rm a n e n t 
co llab o ra tio n  and in fo rm atio n  exchanges, m ost of th e  s tra in s  were prec ise ly  
ch a rac te rized . The chronological and  geograph ica l serovar and  ly so v ar d is tr i
b u tio n  w as stud ied , show ing th e  co m p lex ity  of th e  F rench  listeriosis ep i
dem iology.

M aterials an d  m ethods

Id en tif ica tio n s  w ere perfo rm ed  as p rev iously  described  by  Seeliger e t al. f l )  an d  R o c o u rt 
e t  al. [2]. S e rovar d e te rm in a tio n s were carried  o u t  as described  in  [1]. P hage  ty p in g  d e te rm in a 
tio n s  w ere perfo rm ed  accord ing  to  th e  A udurier e t  al. [3] using  th e  L isteria  phage se t se lec ted  
b y  an  in te rn a tio n a l m u ltice n tre  s tu d y  [4].

R esults

T he resu lts  are sum m arized  as follow s:
(i) Serovars were d e te rm ined  for 366 L . monocytogenes s tra in s  iso la ted  

from  h u m an  listeriosis cases in  F rance  in  1987. Six serovars w ere found  and

E . P . E s p a z e , D . Ga u t r ea u , A. F . M ie g e v il l e , A . L. Co u r t ie u  
C en tre  N a tio n a l de  R éférence des L is te r ia  
N a n te s , F ran ce
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I n s t i tu t  P a s te u r ,  U n ité  d ’Ecologie B ac té rien n e  
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th e re  w ere th ree  m a in  serovars: serovar l/2 a , 22% ; serovar l/2 b , 13%  an d  
se ro v ar 4b, 63% . S erovars l/2c , 3b an d  3c w ere in freq u en tly  found . Since 1984 
th e  an n u a l p ercen tag e  range  was 6 3 -7 0 % . H ow ever, in  1988 th e  4b se ro v ar 
p e rcen tag e  could be low er th a n  50% .

(ii ) The se ro v ar d is trib u tio n  v a ried  accord ing  to  th e  m o n ths o f th e  
iso la tio n  as show n in  F ig . 1. The m o n th ly  d is tr ib u tio n  accord ing  to  serovars 
can  also v a ry  acco rd in g  to  years of iso la tion .

(iii) The se ro v ar d is trib u tio n  v a ried  accord ing  to  the  geographical reg ion  
o f iso la tion . S erovar 4b was p red o m in an t in  m ost of th e  regions, excep t N or-

Fig. 1. M onthly  d is tr ib u tio n  of L . monocytogenes se ro v ars  l /2 a ,  l /2 b  and  4b iso lated  from
321 hum an  cases in  F ran ce , 1987

F ig . 2. M onth ly  d is tr ib u tio n  of lysovars of L . monocytogenes iso lated  from  320 h u m an  lis te rio sis
cases in  F ran ce , 1987
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F ig . 3. M o n th ly  d is trib u tio n  of th e  four m ain  ly so v a rs  of L . monocytogenes se ro v ar 4b, iso la ted  
from  h u m an  lis te rio sis cases in F rance, 1987

m an d ie , A qu ita ine  an d  Ile  de F rance , w here  its percen tages w ere respec tive ly  
30% , 3 8 %  and  46%  of th e  L . monocytogenes stra ins iso la ted .

(iv) O u t of th e  320 lysovars o f  de term ined  s tra in s , on ly  58%  w ere 
p h ag e -ty p eab le . The percen tages of n o n  p h age-typeab le  (NT) s tra in s  w ere 
re sp ec tiv e ly : 2 9 %  fo r serovar l/2 a , 6 6 %  fo r serovar l/2 b  a n d  40%  for 4b .

(v) T here was a w ide range of ly so v a rs  am ongst th e  L . monocytogenes 
s tra in s  s tu d ie d  as show n in  Fig. 2. H o w ev er, four lysovars w ere m ore freq u en tly  
fo u n d  (lysovars A, B, C, D). Several ep id em ic  bursts  of tw o  to  fiv e  cases, w ith  
s im ila r ly so v ars  have been  po in ted  o u t. T hese cases are co n n ec ted  w ith  tim e  
a n d /o r geographical localization .

(vi) A m ore im p o r ta n t epidem ic p ike  occurred in  J a n u a ry  (9 cases) 
an d  ended  in  F e b ru a ry  (2 cases). T hese cases appeared  s im u ltan eo u sly  (F ig. 3) 
in  geograph ica l areas w hich  were n o t close, a lthough, som e sm all c lu sters  
could  be localy  po in ted  o u t. These s tra in s  belonged to  4b se ro v a r an d  to  2671 
ly so v ar (ly sovar A).

(vii) T hree  o th e r 4b m ain  ly so v a rs : 2389/47/101/340 (ly so v ar B), 2425 
(ly so v ar C) and 2389/2425/3274/2671/47/108/340 (lysovar D) w ere recognized 
b u t  th is  t im e  w ith o u t geographical a n d /o r  tim e  connection  (F ig . 3).

(viii) T he four m ain  lysovars A, B , C an d  D rep resen t on ly  16%  of th e  
s tu d ie d  s tra in s .

(ix) A m ongst th e  se ro v ar 4b, on ly  8 %  o f the  h u m a n  in v e s tig a te d  s tra in s  
of L . monocytogenes show ed some ly so v ars  sim ilar to  those d e te rm in ed  for food 
s tra in s  d u rin g  1987.
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D iscussion

H um an  listeriosis epidem iology in  F ran ce  is com plex . The num ber of 
iso la tes  and the  se ro v a r d is trib u tio n  v a ry  accord ing  to  m o n th s  and  geographi
ca l a rea  and could be d iffe ren t one y e a r from  an o th e r. T h ere  is a w ide range of 
ly so v a rs  and th e  m a in  ones rep resen t a sm all frac tio n  o f th e  stu d ied  s tra in s. 
T h e ir  d is tribu tion  th ro u g h  tim e  and a rea  is n o t p re fe ren tia l b u t  from  tim e to  
t im e  some more or less im p o rta n t b u rs ts  of few cases can  occur. The d is tr i
b u tio n  of h u m an  L . monocytogenes serovars and  ly so v ars  suggests th a t  besides 
geograph ica lly  an d  tim e  connected  cases th e re  are som e w hich  are serovar 
a n d  lysovar connected  b u t  n o t geograph ically  re la ted . S om etim es several u n 
re la te d  cases, w ith  d iffe ren t or sam e serovars and  v a rio u s  lysovars a p p ea r 
d u rin g  a very  sh o rt p e rio d  of tim e in  th e  sam e place. I n  conclusion, the  sero- 
ty p in g  and  phage ty p in g  c h a rac te riza tio n  of h u m an  o rig in  L . monocytogenes 
s tra in s  suggest th a t  in  F ran ce  h u m an  listeriosis is rep resen ted  m ain ly  by  sp o rad 
ic cases and from  tim e  to  tim e  by  little  epidem ic b u rsts .
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PRELIMINARY STUDIES ON MONOCINE TYPING  
OF LISTERIA MONOCYTOGENES STRAINS

D . W i l h e l m s  a n d  D . S a n d o w

In s titu te  o f  M edical M icrobiology, Section o f  M edicine, M artin  Luther U niversity , 
Halle-W ittenberg, H a lle  (S a a le), GDR

A b o u t 58%  of L isteria  monocytogenes s t r a in s  p roduced  m onocines. T he titre s  o f l /2 a  
m onocines w ere' higher th a n  th o se  of 4b s tra in s .

T he phage ty p in g  o f serovars o f  L isteria  monocytogenes an d  its  ep id e
m iological ev a lua tion  are  lim ited . For th is  reasons it  is useful to  look for fu r 
th e r  possib ilities of ty p in g  Listeria  se ro v ars . One d irection  could he th e  m ono- 
cine ty p in g  [1 -3 ]. U p to  now , in  the l i te r a tu r e  only a few d a ta  ex ist. I t  is n o t 
clear, i f  th e  m onocines can  be used for a ty p in g  system .

T herefo re , a few ow n p re lim inary  re su lts  should be c o n tr ib u te d  to  mo- 
nocine p ro d u c tio n  of th e  m ost im p o rta n t se ro v ars  l/2 a  and  4b, to  th e ir  p ro p e r
ties a n d  th e  possible m onocine grouping o f  L . monocytogenes s tra in s .

M aterials an d  m ethod s

W e te s te d  88 L . monocytogenes strains o f se ro v ars  l /2 a  and 4b from  p a tie n ts  w ith  l i s 
teriosis. T h e  m onocines w ere p ro d u ced  b y  m eans o f  m ito m y cin  C in d u ctio n , as described b y  
O rtel [4]. T h e  effective m onocine  p roduction  w as p ro v e d  on in d ica to r s tra in s  o f serovar l /2 a ,  
4b an d  5. P ro p e rtie s  of th e  s tra in s  were de te rm in ed  as in d ica ted  in  “ R esu lts  a n d  d iscussion” .

R esu lts and d iscu ssio n

Characterization o f  monocines. T ab le  I  a n d  Fig. 1 show th e  freq u en cy  of 
m onocine p ro d u c tio n  b y  L . monocytogenes s tra in s  as the  titre s  of m onocines. 
The geom etric  m ean t i t r e  o f monocines p ro d u c e d  b y  serovar l /2 a  am o u n ted  
to  17.4. T h e  m ean  value o f tho se  from se ro v a r  4b was 7.7.

T he s ta b ility  of m onocines was te s te d  a f te r  storage a t  4 °C. The ti t re s  
te s ted  i m m ed ia te ly  a fte r p re p a ra tio n  an d  m o n th ly  over one y e a r show ed on ly  
a decrease o f one step.

D. W il h e l m s ,  D . Sa n d o w
I n s t i tu t  fü r  M ed iz in isch e  M ikrobiologie u n d  E pidem iologie d e r M a rtin -L u th e r-U n iv e rs i tä t  
L en inallee , H a lle -W itte n b e rg , 4020 H a lle , G D R
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Table I

Frequency o f  monocine producing L . monocytogenes strains

S e ro v ar
T o ta l

n u m b er
P ro d u cers  o f 

m onocines
S tra in s  n o t  

p roducing  m onocines

l /2 a 56 33 (59% ) 23 (41% )

4b 32 18 (56% ) 14 (44% )

T o ta l 88 51 (58% ) 37 (42% )

V arious m onocines of serovars l /2 a  an d  4b w ere in cu b a ted  in  a series o f 
buffers w ith  p H  ra n g in g  from  2 to  11 a t  37 °C fo r 24 h . T he a c tiv ity  w as co m 
p le te ly  stab le  in  th e  p H  range from  6 to  11. Below p H  6 and  above 11 th e  
m onocines lost th e ir  a c tiv ity .

The a c tiv ity  o f o u r m onocines w as d estro y ed  a t 60 °C in  1 min.
Like those o f H a m o n  and  P eron , our m onocines w ere also re s is ta n t to  

try p s in .
M onocines cen trifu g ed  th ro u g h  a g rad ien t of 15 to  45%  sucrose show ed  

a p eak  a t  ab o u t 2 0 %  sucrose. F igure 2 show s th e  re su lt of sucrose g ra d ie n t 
cen trifu g a tio n . T he g ra d ie n t fractions co n ta in in g  m onocines were s tu d ied  b y  
e lec tron  m icroscopy, h u t  no phage like p a rtic le s  could be found  a fte r p o ta ss iu m  
p h o sp h o tu n g s ta te  s ta in in g . Therefore, i t  c an n o t be decided w hether our m o 
nocine belong to  d efec t phages as described  by  B rad ley  [1].

No of s tra in s

Fig. 1. T itre s o f m onocine  producing  L . monocytogenes s tra in s . S haded  colum ns, se ro v a r  4b ;
open colum ns sero v ar l /2 a
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Titre o f  monocine S u cro se  %

Fig. 2. U ltracen trifu g atio n  o f m onocine p re p a ra tio n  th ro u g h  a 15—4 5 %  lin e a r sucrose g rad ien t.
L . monocytogenes s t ra in  l /2 a ,  No. 2459

M onocine typing o f  L . monocytogenes serovars. W e te s te d  56 m onocines 
of se ro v a r l/2 a  and  32 m onocines o f  se rovar 4b a g a in s t 32 p a tie n t s tra in s  of 
each serovar. M onocines produced  b y  se ro v ar 4b show ed no reac tions aga in st 
s tra in s  of th e  sam e se ro v a r and  o n ly  in  some cases a g a in s t s tra in s  of sero
v a r  l /2 a .

T h e  monocines o rig in a tin g  from  serovar l /2 a  failed  to  re a c t w ith  stra in s 
of se ro v ar l/2 a , h u t in h ib ite d  th e  g ro w th  of serovar 4b in  v a rio u s  p a tte rn s .

A ccording to  th e  vario u s se n s itiv ity  p a tte rn s  we tr ie d  to  d iffe ren tia te  
these  s tra in s  in  various g roups w ith  id e n tic a l reac tions (T able  I I ) . No id en tica l 
m onocine suscep tib ility  w as show n b y  37 s tra in s, and  th e y  could  n o t be clas
sified in  an y  of above m en tio n ed  g roups.

T able  II

Group o f serovar 4b strains w ith  identical monocine susceptibility

G roup
of

N o. of m o n o cin e  
r e a c t i o n s No.  of

s tra in s
positive n e g a tiv e

l 0 32 27
2 30 2 6
3 31 1 6
4 1 31 12

T ota l 51
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Table I I I

E xam ple  o f  typing o f  L . monocytogenes

S tra in s  iso la te d  from
P h ag e  ty p e  
o c ta l code

M onocine
p a tte rn *

M other (vag ina) n. t. 3 O + /2 0

N ew born (m econium ) n. t. 30+ / 2 0

M other (urine) 04200 1 + / 3 1 0

N ew born (6 various swabs) 04200 1 + / 3 1 0

*N um ber o f re ac tin g  m onocines

F o r epidem iological ev a lu a tio n , we tr ie d  to  d iffe ren tia te  4b s tra in s  w hich 
b e lo n g ed  to  th e  sam e p h ag e  ty p e  or could n o t be p h ag e-ty p ed .

Table I I I  show s a n  exam ple  of ty p in g  of L . monocytogenes s tra in s  iso la ted  
fro m  m others and  th e ir  new borns. In  th e  f irs t  exam ple th e  s tra in s  could no t be 
p h ag e -ty p ed , b u t h a d  a co rrespond ing  m onocine p a tte rn . T he o th e r exam ple 
show s stra ins w hich h a d  th e  sam e phage ty p e  and  also co rrespond ing  m ono- 
cine  p a tte rn .

Sum m arizing  o u r p re lim in a ry  resu lts , i t  m ay  be assu m ed  th a t  a b o u t 
5 8 %  of th e  te s ted  L . monocytogenes s tra in s  p roduced  m onocines. The titre s  of 
l /2 a  m onocines w ere h ig h e r th a n  those of 4b s tra in s. F u rth e rm o re , i t  seems 
h o p efu l to  select m onocines fo r  ty p in g  of L . monocytogenes s tra in s  belonging 
to  th e  serovar 4b.
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5. L IST E R IA  IN FO O D S A N D  ENVIRONM ENT

LISTERIA:  ECOLOGY IN THE FOOD CHAIN
(A R E V IE W )

N. S k o v g a a r d

I n s t i t u t e  o f  H y g i e n e  a n d  M i c r o b i o l o g y ,  R o y a l  V e t e r i n a r y  a n d  A g r i c u l t u r a l  
U n i v e r s i t y ,  F r e d e r i k s b e r g  C ,  D e n m a r k

111 recen t years  we have seen a n  increase in  ep idem ic h u m a n  listeriosis 
as w ell as in  sporad ic  “ non-epidem ic”  cases. U n d o u b ted ly , th is  re flec ts  th e  
rea l s itu a tio n  and  is n o t m erely th e  re su lt o f g rea te r in te re s t in  th e  organism  
an d  im proved  recogn ition  of it.

The increase in  h u m a n  listeriosis has in itia ted  a m a jo r b re a k -th ro u g h  
in  th e  detection  of th e  organism  in a ll k in d s  of sam ples besides specim ens from  
h u m a n  beings and  diseased anim als.

T he high p revalence  of Listeria  d e m o n s tra te d  in  e n v iro n m e n ta l sam ples, 
feeds, dom estic and  w ild  anim als, a n d  in  raw  and  processed food, e tc . d u ring  
th e  la te s t  years, is r a th e r  the  resu lt o f  th e  im proved  iso la tion  tech n iq u e  and  
does n o t ind icate  th a t  Listeria  has su d d e n ly  ta k e n  th e  lead  in  th e  m icrobial 
w orld. I t  has alw ays b een  there , and  w h en  i t  comes to  food, m ost p ro b ab ly  in  
m uch  h igher num ber a n d  w ith  higher p rev a len ce  in  fo rm er tim es th a n  to -d ay . 
T here  are, how ever, c e r ta in  in teresting  ex cep tio n s from  th is , as will he exp la ined  
fu r th e r

Listeria  monocytogenes was only occasionally  found  in  food in  th e  p a s t 
and  i t  is only  in the  la te s t  years th a t  th is  o rgan ism  has becom e fu lly  estab lished  
as a food-borne p a th o g en  w hich from  its  m a n y  niches in th e  e n v iro n m en t m ay 
pass on to  m an  via th e  food  chain. As i t  is w idespread  in  n a tu re , h u m an s m ay , 
how ever, be exposed to  th e  organism  in  m a n y  o th e r w ays such as d irec t co n tac t 
w ith  d iseased anim als or co n tam in a ted  faeces from  diseased or h e a lth y  an im als. 
A ir-borne infection  h as  th u s  led to  a f a ta l  case of th e  p neum on ic  fo rm  of 
listeriosis in  a N orw egian  farm er w ho becam e infec ted  w hile c lean ing  his 
sheep-stab le . F ood-borne transm ission , how ever, rem ains th e  m o st im p o r ta n t 
ro u te  to  m an.

A t a firs t look i t  seem s c o n trad ic to ry  to  s ta te  on one h a n d  th a t  th e  recen t 
increase in  hum an  listeriosis is caused b y  food and  on th e  o th e r h an d  th a t

N ie l s  Skov ga ard
R o y a l V e te r in a ry  an d  A g ricu ltu ra l U n iv e rs i ty ,
In s t i tu te  o f  H yg iene  and  M icrobiology
13, B ü lo w sv ej, D K -1870 F red erik sb e rg  C ., D enm ark
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th e  prevalence in  food  was h igher in  fo rm er tim es. H ow ever, le t us т а к е  a 
h a z a rd  analysis o f th e  c ritica l con tro l po in ts  in  th e  food chain  and  t ry  to  d is
close the  secrets o f th e  organism .

Prim ary production

The farm er is a v e ry  im p o r ta n t lin k  in th e  w hole food chain . The h igher 
th e  prevalence o f L isteria  in feeds, th e  h igher th e  p reva lence  of an im al excre to rs 
an d  th e  higher also th e  n u m b er of L isteria  excre ted . T he im p o rtan ce  of an im al 
excre to rs of b a c te ria  pa th o g en ic  to  m an  can n o t he over-em phasized .

Listeriosis in  an im als  has been nam ed  th e  “ silage disease” , as silage of 
in fe rio r quality , t h a t  is, w ith  too  h igh p H , is w ell-docum ented  to  be able to  
cause listeriosis in  suscep tib le  an im als. The im p o rtan ce  of silage is, how ever, 
overstressed. All ru m in a n ts  feed on vegetab les of vario u s k inds besides silage; 
a n d  all vegetables h a rb o u r  Listeria  w hich read ily  m u ltip lies in  decaying vege
ta b le  m aterial an d  m uch  b e tte r  th a n  in  silage w here th e  in ten d ed  p H  d rop  
te n d s  to  arrest th e  g ro w th  of Listeria. In  D en m ark  67%  of th e  ca ttle  p o p u la 
tio n  have been show n to  excrete  Listeria  species an d  53%  to  excrete L . m o
nocytogenes. The fig u res  for Listeria  species and  L . monocytogenes in ca ttle  feed 
w ere 82%  and  6 2 % , respective ly . The faecal ex cre to rs  m ust be considered to  
be b y  far the  p re d m o n a n t reason  w hy  67%  on m inced  b eef contain  Listeria  
species and 28%  also  L . monocytogenes [1].

W hen it com es to  th e  pig p o p u la tio n , faecal excre to rs of Listeria  are  
dow n at the low leve l of only a few p ercen t, w ith  sim ilarly  low figures in  m inced  
p o rk  [2]. The p igs are  raised  on d ried  co n cen tra ted  feeds and k ep t indoors, 
an d  are thus n o t exposed  to  L . monocytogenes such as is th e  case w ith ca ttle .

Faecal e x c re to rs  am ong th e  ca ttle  p o p u la tio n  are also of g rea t im p o r
ta n c e  for the p resence  of Listeria  in  listerigenic ty p es  of cheeses. All raw  m ilk  in  
b u lk  can be consid ered  to  h a rb o u r L. monocytogenes o f faecal origin, n o t in  a 
h igh  num ber; in m o st cases p ro b ab ly  fa r below  1 p er m l [3].

Any step  ta k e n  a t farm  level to  reduce th e  n u m b e r of Listeria  in  feed  
an d  in dom estic an im als  will d im in ish  th e  risk  to  m an . G eneral guidelines o f 
good hygienic p ra c tic e  on farm s are needed, s im ilar to  those e lab o ra ted  for 
th e  la te r  steps in  th e  food chain . Som e hygienic ru les do ex ist e.g. for th e  
operation  of S P F  fa rm s. B u t these  ru les are o rien ted  tow ards p rev en tio n  o f  
an im al diseases a n d  are no t necessarily  su ffic ien t to  p rev en t h u m an  food- 
borne diseases.

Food m anufacturing

Before o u tlin in g  some c ritica l con tro l po in ts  in  th e  p ro d u c tio n  of foods 
i t  is essential to  rem em b er th e  follow ing grow th ch arac teris tic s  w hich e x p la in
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th e  ab ility  of th e  b ac te ria  to  e s tab lish  itself un d er th e  m ost adverse conditions 
o f life:

(i) I t  grows a t  re frig e ra tio n  tem p era tu re .
(ii) G row th is enhanced  u n d e r decreased oxygen  c o n cen tra tio n  and  w ith  

su p p lem en ta tio n  of carbon  dioxide.
(iii) I t  is qu ite  to le ra n t to  sa lt, growing in  10%  N aCl or a t  co rrespond

in g ly  low w ate r ac tiv ity .
(iv) I t  does n o t su rv ive  p asteu riza tio n  of m ilk, b u t  i t  is p ro b ab ly  able to  

su rv iv e  m uch h igher tim e /te m p e ra tu re  com binations in  m ost o ther foods 
w ith  lower w a te r ac tiv ity .

M ilk  and cheese

The tw o m ost critical con tro l points in th e  p ro d u c tio n  are correct p a s 
te u riz a tio n  and  co n tam in a tio n  from  th e  env ironm en t, especially  in  th e  m an u 
fa c tu rin g  of ce rta in  ty p es of soft cheese.

Pasteurization. D -values for lis teriae  in m ilk h av e  been  de te rm ined  to  be 
in  th e  range of 0.9 s a t 71.1 °C [4], the  legal lim it in  th e  USA  for h igh-tem - 
p e ra tu re /sh o rt- tim e  (H T/ST) p asteu riza tio n  being 71.7 °C for 15 s. This hea t 
t r e a tm e n t should  be su ffic ien t to  inactive 15 lo g 10 L. monocytogenes ml, far 
b ey o n d  the  n u m b er p resen t in  an y  b a tch  of raw  m ilk.

The hea t resistance  of L . monocytogenes w ith in  bovine p o lym orphonuclear 
leucocy tes (PM N L), a p rinc ipa l location  of phagocytosis in th e  ud d er of cows 
su ffering  from  lis te ria -m astitis , has un d er exp erim en ta l cond itions been show n 
to  be in  th e  order of 72.2 °C for 16.4 s [5]. L is te ria -m astitis  is, how ever, ra th e r  
ra re , and  the  n u m b er of L isteria  engulfed in PM N L  in  b a tch es of m ilk for 
p a s te u riz a tio n  m u st be considered  to  be very  low and  of no p rac tica l im portance  
in  com parison w ith  o th e r possib ilities for con tam in a tio n .

Foremost fa ilu res in  the pasteurization process. IIT S T  p as teu riza tio n  ю 
n o t  a very  soph is tica ted  process, b u t  if  no t p roperly  con tro lled  i t  m ay ra th e r  
easily  lead  to  d isastrous shortcom ings.

There are no recorded  cases of food poisoning from  m icroorganism s su r
v iv in g  a p as teu riza tio n  process p ro v id ed  the  process has been  p ro p erly  carried  
o u t according to  th e  m in im um  tim e /te m p e ra tu re  cond itions recom m ended b y  
th e  ID F , i.e. 72 °C for 15 s. T he p ro d u c t m ust give a n eg a tiv e  p hosphatase  
te s t  im m ed ia te ly  a fte r h ea t t re a tm e n t;  th a t  is, less th a n  10 pg of p a ran itro - 
ph en o l m ust he lib e ra ted  by  1 m l of sam ple. F igures exceeding  th is  level, or 
la rge  flu c tu a tio n s , will in d ica te  th a t  th e  process is n o t u n d e r contro l.

C on tam ination  in  th e  p as teu rize r  is possible, fo r exam ple  th ro u g h  p in 
holes in  h ea t-exchanger p la tes in  th e  hea t regeneration  section . P asteurizers 
shou ld  alw ays lie designed so th a t  processed m ilk is u n d e r  a h igher pressure 
th a n  unprocessed m ilk  in  th e  reg en e ra to r sections.
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A nybody w ho is fam ilia r w ith  th e  possibilities of m icrob ia l co n tam in a
tio n  o f m ilk during p a s te u riz a tio n  will recognize th e  im p o rtan ce  o f p roper con
tro l d u ring  opera tion . H a z a rd  analysis o f th e  critica l co n tro l po in ts  of the 
p a s te u riz a tio n  is a c o m b in a tio n  of a u to m a tic  recording, sam pling , te s tin g , and 
specific  inspection p ro ced u res , d e ta ils  of w hich are ou tside  th e  scope of th is 
p a p e r . I t  suffices to  m en tio n  th a t  reco rd in g  of th e  p a s te u riz a tio n  and  cooling 
te m p e ra tu re s  w ith  q u ick -reac tin g  w ell-positioned  sensors w ith  a th erm o m etric  
lag  o f less th a n  0.2 °C is an  essen tia l p a r t  of th e  superv ision  [6].

Environm ental contam ination

The p a s te u riz a tio n  process has been  dealt w ith  to  som e le n g th  because 
o f th e  controversial n a tu re  of th e  m isu n d ers tan d in g  of th e  presence of Listeria  
in  h e a t trea ted  m ilk . Im p ro p e rly  p a s teu rized  m ilk w ill be a c o n s ta n t source of 
L isteria  in  the su b se q u e n t steps of processing, forem ost in  soft cheese p roduc
tio n .

W hether o rig in a tin g  from  th e  raw  m ilk or from  en v iro n m en ta l sources, 
L isteria  species have  th e  ab ility  to  e s tab lish  them selves in  a n y  n iche w here the 
w a te r  ac tiv ity  is su ffic ien tly  h igh , i.e. ap p ro x im ate ly  0.93, w hich  is p re tty  
low  fo r apathogenic  b ac te ria . T his calls for a re -e v a lu ta tio n  of th e  m onitoring  
p ro g ra m  estab lished  to  assure th e  sa fe ty  of th e  fina l p ro d u c t. I t  is n o t enough 
to  look  for coliform s an d /o r L . innocua , one has to  in v es tig a te  specifically  for 
L. monocytogenes.

Meat and po u ltry

By far the  p re d o m in a n t hygien ic  p roblem  of public  h e a lth  concern  during 
th e  slaugh tering  of an im als  is th e  faecal co n tam in a tio n  of carcasses and  organs 
w ith  bacteria , e.g. Salm onella , Campylobacter, Y ersin ia , Staphylococcus, etc. 
T h e  im portance  o f th is  for h u m an  disease is well docu m en ted . F aeca l con tam i
n a tio n  is, as m en tio n ed  above, also responsible for liigli p revalence  of findings 
o f L . monocytogenes especially  in  raw  m inced beef and  raw  p o u ltry . A lthough 
an  epidem iological lin k  has no t been estab lished  betw een  h u m a n  listeriosis 
a n d  m eat and p o u ltry , th e re  can  be no d o u b t th a t  i t  does p lay  a role.

The long in c u b a tio n  period  of listeriosis m akes i t  d ifficu lt to  find  out 
w h ich  food is responsib le , unless th e  food in  question  has a long keeping tim e 
such  as cheese. M eat p ro d u c ts  spoil easily , while cheese k e p t fo r a longer tim e 
ju s t  m atures an d  is s till accep tab le  to  th e  consum er.

Listeria  species and  L. monocytogenes are p resen t w ith  high prevalence 
in  raw  m eat an d  p o u ltry  an d  also in  m an y  o ther rawr foods such  as vegetables, 
m ilk , etc. This has to  be accep ted . B u t wrhen  it  comes to  m eat, th e  risk  can be 
su b s ta n tia lly  red u ced  by  im p ro v ed  hygiene such as red u c in g  th e  risk  of faecal 
con tam ina tion .
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T he L . monocytogenes c o n ta m in a tio n  pressure from  th e  raw  m a te ria l as 
well as from  e n v iro n m en ta l sources co n stitu te s  in m e a t p ro duc tion  p la n ts  a 
co n stan t risk  for post-p rocessing  c o n ta m in a tio n  of p ro d u c ts  to  w hich a lis teric id - 
al process has been app lied . D a ta  from  th e  A m erican  M eat In s ti tu te  on th e  
Listeria  spp . incidence in  41 m eat p la n ts  have show n th a t  29%  of th e  floors, 
3 7 %  of th e  d ra ins, 20%  o f food c o n ta c t surfaces, a n d  5 %  of the  w alls an d  
ceilings in  p o st hea t-p rocessing  areas w ere co n tam in a ted . I t  is very  obv ious 
th a t  it  is necessary  to  re -ev a lu a te  th e  H A CCP procedures to  reduce w h erev er 
techno log ica lly  feasible th e  L . monocytogenes b u rd en  in  read y -to -ea t m e a t 
p ro d u c ts , especially  th o se  w hich u n d erg o  su b seq u en t h an d ling  a fte r  th e  
bac te ric id al process. C o n tam in a tio n  of such  p roduc ts w ith  L . monocytogenes 
is u n accep tab le .

V acuum  packed meats

T here  seem  to  be som e inexp licab le  differences in  th e  g row th  c h a ra c te r 
istics of L . monocytogenes in  d ifferen t ty p es  of re fr ig e ra ted  fresh red  m ea t 
packed  in e ith e r  oxygen p erm eab le  or oxygen  im perm eab le  hags and k ep t. A t 
p resen t i t  seem s d ifficu lt to  p red ic t w h e th e r L . monocytogenes in v acu u m  
packed  raw  b eef and  p o rk  k e p t for lo n g er periods of tim e  e.g. for m a tu r in g  
purposes, w ill increase or decrease.

L . monocytogenes, how ever, in  processed  m eat p ro d u c ts  packed  in  oxygen  
im perm eab le  bags, will be able to  p ro p a g a te  during p ro longed  periods of s to r 
age, p rov ided  th e  te m p e ra tu re , the  w a te r  ac tiv ity , an d  o th e r g row th  lim itin g  
fac to rs so p e rm it. The red u ced  oxygen  tension  and  b u ild -u p  of C 0 2 in  th e  
bags will te n d  to  s tim u la te  th e  g row th . Prolonged s to rag e  of m eat p ro d u c ts  
a t  low te m p e ra tu re  is assum ed  to  be an  im p o r ta n t fac to r  in  th e  increase o f h u 
m an yersin iosis. I t  is likely  th a t  th e  sam e m ay  apply  to  listeriosis.
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PHYSICAL AND CHEMICAL EFFECTS DAMAGING
LISTERIAE

(A S H O R T  R E V IE W )

J . M . F ä r b e r

H e a l t h  P r o t e c t i o n  B r a n c h ,  B u r e a u  o f  M i c r o b i a l  H a z a r d s ,  H e a l t h  a n d  W e l f a r e ,
O t t a w a ,  C a n a d a

T his v e ry  b rie f  su m m ary  a tte m p ts  to  rev iew  som e o f th e  m ore recen t in fo rm a tio n  on  th e  
physical a n d  chem ical conditions affecting  su rv iv a l a n d /o r  g ro w th  of listeriae  in  foods.

Physical effects

Tem perature. R ecent s tud ies [1] have d em o n stra ted  th a t  Listeria mono
cytogenes is able to  grow  a t te m p e ra tu re s  as low  as —0.4 to  —0.1 °C. The 
upper te m p e ra tu re  lim it for g row th  ap p ears  to  be betw een 45 and  50 °C, 
a lthough  th e re  are a num ber of s tra in s  w hich  can  grow  a t 50 °C [2].

p H .  E v en  th o u g h  th e  la te s t  B ergey ’s M anual [3] lists th e  p H  range  for 
grow th of lis te riae  a t  a round  5 .6 -9 .6 , recen t w ork  has show n th a t  u n d e r o p ti
m um  cond itions L . monocytogenes can  grow  a t  p H  values as low  as 4.4 a t  30 °C, 
and  5.2 a t  4 °C in  an  enriched try p tic a se  soy b ro th  acidified w ith  HC1 [4]. 
C abbage ju ice  a t  p H  values <  4.8 p ro v ed  le th a l to  L . monocytogenes, w ith  
ra tes o f in a c tiv a tio n  being low er a t 5 °C th a n  30 °C [5]. In  ad d itio n , m ost 
L. monocytogenes s tra in s  te s ted  failed  to  grow  a t or below p H  5.4 in  cu ltu red  
or u n c u ltu re d  w hey  sto red  a t  6 °C [6].

W ater activity. T here is little  or no in fo rm atio n  on th e  aw lim its o f g row th  
for L. monocytogenes. I t  is know n th a t  u n d e r o p tim u m  conditions th e  organism  
can grow  in  th e  p resence of 10%  N aCl [2], w hich corresponds to  an  aw v alue  
of 0.935.

Freezing. F reezing  cells in  try p to se  p h o sp h a te  b ro th  a t  —18 °C for 7 or 
14 days re su lted  in  decreases in  th e  v iab le  p o p u la tio n s  of tw o s tra in s  of L . m o
nocytogenes b y  a b o u t 0.1 to  0.5 logs. T he presence of in ju red  cells ranged  from  
62-71%  an d  7 2 -8 0 %  for freeze tre a tm e n ts  of 7 an d  14 days, respective ly  [7]. 
Freezing of e ith e r  p o u ltry  [8] or raw  m ilk  [9] ap p ears  to  have no d e tr im e n ta l 
effect on th e  organism .

H eating. T here  has been  a lo t o f w ork  on th e  h e a t resistance of L . m o
nocytogenes in  d a iry  p ro duc ts, w ith  resu lts  v a ry in g  depend ing  on th e  h ea tin g

J .  M . F ä r b e r
M icrobiology R e se a rc h  D iv isio n , H e a lth  P ro te c tio n  
B ranch , B u re a u  o f  M icrob ia l H a z a rd s , H e a lth  a n d  W elfare  
O ttaw a , O n ta rio , K1A OL2 C a n a d a

A c ta  M icrobiologica H ungarica  36, 1989  
A ka d ém ia i K iadó , Budapest



246 F Ä R B E R

m en stru u m , se ro ty p e , in itia l coun t, h e a t a p p a ra tu s  and  m ethodo logy  for 
recovering  h ea t-s tre ssed  cells [10]. B ased  on cu rren t in fo rm ation  th e  W H O  
W ork in g  G roup h as  concluded th a t  “ p a s te u riz a tio n  is a safe process w hich 
reduces th e  n u m b ers  o f L . monocytogenes occurring  in  raw  m ilk  to  levels th a t  
do n o t pose an  ap p rec iab le  risk  to  h u m a n  h e a lth ”  [8]. S tan d a rd  p a s te u riz a tio n  
o f m ea ts  also ap p ea rs  to  be an  effective co n tro l m easure [10, 11].

R adiation. L . monocytogenes was fo u n d  to  be sensitive to  sh o rt w ave UV 
en erg y  (100 p W /c m 2) w ith  D -values of a ro u n d  1 6 -18  s for m oist cells an d  43 s 
fo r d ry  cells. L ong-w ave UY energy w as n o t effective aga in st th e  o rgan ism  [12].

Gamma irradia tion . I t  appears t h a t  L . monocytogenes is as sen sitive  or 
less sensitive th a n  G ram -negative  b a c te r ia  to  th e  effects of gam m a irra d ia tio n . 
S teg em an  [13] o b ta in e d  D -values for L . monocytogenes o f 0.2 kG y a n d  0.38 kG y 
fo r L . monocytogenes in  buffer an d  m inced  m ea t (b o th  a t 4 °C), re spec tive ly . 
I r ra d ia tio n  of L . monocytogenes w ith  2 k G y  in  cu ltu re  m edia or p o rk  m ea t 
p a s te  resu lted  in  a 7 log reduction  in  v iab le  coun ts, a lthough  one s tra in  o n t of 
th re e  su rv ived  a dose as high as 4 kG y [14].

Chemical effects

Some L . monocytogenes s tra in s  can  to le ra te  up  to  20%  (w /v) NaCl [3], 
w hile o thers w ere fo u n d  to  decrease in  n u m b ers  d u ring  4 °C storage in  try p tic a se  
soy b ro th  co n ta in in g  25 .5%  NaCl, b u t s till rem ained  viable a fte r 132 days [15]. 
I n  c o n tra s t in  u n c la rified  cabbage ju ice  s to red  a t  30 °C, NaCl co n cen tra tio n s  
g re a te r  th a n  2 .5 %  w ere le th a l for L . monocytogenes, while storage o f th e  ju ice  
a t  4 °C requ ired  h ig h e r concen tra tions o f NaCl to  o b ta in  sim ilar le th a li ty  [5].

A lthough  L . monocytogenes w as ab le  to  grow a t 4 °C in  a 10%  glycol so
lu tio n  (co n ta in in g  0 .1%  non-fat d ry  m ilk), no g row th  was observed  in  a 20%  
glycol so lu tion  a n d  a 30%  solution  p ro v ed  le th a l to  th e  organism  [16].

A calf re n n e t e x tra c t con ta in in g  5 %  propy lene  glycol, 2%  sod ium  p ro 
p io n a te  and  0 .1 %  sodium  benzoate  w as in h ib ito ry  for L . monocytogenes in  
t h a t  no v iab le  cells w ere observed a fte r  42 day s a t  7 °C w ith  a s ta r tin g  inocu lum  
o f 105 to  107 ce lls/m l [17].

O ther co m p o u n d s w hich have  been  found  to  be effective in  con tro lling  
L . monocytogenes inc lude  sodium  b en zo a te  [18], chlorine [19, 20], lysozym e [21], 
iod ine , acid an io n ic  an d  q u a te rn a ry  am m o n ia-b ased  san itizers [22] an d  liq u id  
sm oke [23].

Biological inh ib ition

A b ac te rio c in  (PA-1) produced  b y  Pediococcus acidilactici w as found  to  
be b o th  in h ib ito ry  an d  b acteric idal fo r L . monocytogenes over a w ide p H  an d  
te m p e ra tu re  ra n g e  [24].

A d a  Microbiologica Hungarica 36, 1989



E F F E C T S  D A M A G IN G  L IS T E R IA E 247

W ork  done by  Schaack  and M arth  [25] on th e  effect of th e rm o p h ilic  
s ta r te r  cu ltu res on th e  su rv ival of L . monocytogenes, d em o n stra ted  t h a t  a l
th o u g h  th e  g row th  of th e  organism  was in h ib ite d  b y  th e  therm oph ilic  lac tic  
s ta r te r  b ac te ria , i t  s till m anaged  to  su rv ive  for a t le a s t 9 h  during  a ll m ilk  
fe rm en ta tio n s  an d  th ro u g h o u t th e  y o g u rt fe rm e n ta tio n . S im ilarly  L . m ono
cytogenes w as able to  su rv ive  and  grow to  som e e x te n t in  a skim  m ilk  fe rm e n 
ta t io n  (21 or 30 °C) w hich  con ta ined  e ith e r  0.1, 0.5, 1.0 or 5 .0%  of a m ilk  
cu ltu re  of Streptococcus cremoris or Streptococcus lactis, a lth o u g h  g ro w th  of 
L . monocytogenes was alw ays considerab ly  in h ib ite d  w hen  com pared  to  th a t  of 
th e  con tro l [26].
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SEROVARS OF LISTERIA MONOCYTOGENES 
AND LISTERIA INNOCUA  FROM FOOD

A . S c h ö n b e r g , P. T e u f e l  and E .  W e i s e  

I n s t i t u t e  f o r  V e t e r i n a r y  M e d i c i n e ,  F e d e r a l  H e a l t h  O f f i c e ,  B e r l i n ,  F R G

T he increase  o f listeriosis o u tb rea k s  in recen t y ears has m ain ly  been  due to th e  con
su m p tio n  of co n ta m in a te d  da iry  p ro d u c ts . T his p ro m p ted  a rev is ion  o f p rev en tio n  and contro l 
m easures. Cheese a n d  o th e r foods (m ea t, p o u ltry  m ea t) w ere in v es tig a te d . For iso lation , 
sam ples were p rep ared  an d  in v es tig a te d  according to th e  reco m m en d a tio n s o f the  FD A  w ith  
som e m odifications includ ing , in  p a r tic u la r , sub-enrichm ent. Suspic ious colonies were tes ted  
biochem ically  follow ed by  serological id en tifica tio n  w ith  fa c to r sera. O u t of 100 chicken (95 
broilers, 5 layers) L i s t e r i a  m o n o c y t o g e n e s  w as iso lated  from  85 carcases. T h e  co n tam in a tio n  ra te  
fo r m inced beef an d  p o rk  (n =  76) was ap p ro x im ate ly  30% . T h a t  fo r selected  ripened  soft 
cheeses (n  =  89) w as 9 % . T he co u n ts  o f L i s t e r i a  in red m ea t w ere u su a lly  v e ry  low (ap p ro x i
m ate ly  10/g). Serovar l /2 a  w as p re d o m in an t (78 o u t of 102 stra in s). F u r th e r  serovars de tected  
w ere: l /2 b ,  l/2 c , 3a, 4a, 4b, 4d. F o r com parison , iso lated  s tra in s  o f L .  m o n o c y t o g e n e s  and L i s t e r i a  
i n n o c u a  w ere in o cu la ted  in to  chicken em bryos. In  c o n tra s t to  th e  fo rm er, L .  i n n o c u a  did n o t 
k ill th e  em bryos.

The increase of listeriosis o u tb reak s in recen t years m a in ly  has been due 
to  th e  consum ption  of c o n ta m in a te d  dairy  p roduc ts. T his p ro m p ted  a revision 
of p rev en tio n  an d  con tro l m easures. In  co n trast to  severa l o th e r foodhorne 
diseases listeriosis o ften  show s a h igh  case -fa ta lity  ra te . Foodhorne o u t
b reak s w ith  d ea th -ra tes  above 30%  occurred in C anada (1981) an d  Los Angeles 
(1985) [1]. Thus a sy stem atic  in v es tig a tio n  of o u tb reak s  w as ind ispensable  to  
id en tify  possible risk s in food co n sum ption  an d  to  im p lem en t app rop ria te  
con tro l m easures. On th e  basis o f in tensified  in v estig a tio n s it  was possible to  
d em o n stra te  th a t  th e  o u tb reak  in  Sw itzerland  a t  th e  end  o f 1987 had  been 
caused  b y  soft cheese [2].

In  order to  collect epidem iological d a ta  for th e  p rev en tio n  an d  contro l of 
listeriosis, cheese an d  o th e r foods (m ea t, p o u ltry  m eat) w ere in v estiga ted .

M ateria ls and  m ethods

S ix ty-six  G erm an cheeses an d  23 cheeses m an u fac tu red  in  d iffe ren t E u ro p ea n  countries, 
76 sam ples of m inced b eef an d  p o rk , an d  100 chicken (95 b ro ilers, 5 lay e rs) w ere inv estig a ted  
(T able  I). F o r iso lation , sam ples w ere p re p a re d  an d  trea te d  accord ing  to  th e  recom m endations

A rn o  Sc h ö n b e r g , F . T e u f e l , E . W e is e  
B u n d esg esu n d h eitsam t, I n s t i tu t  f ü r  V ete rin ä rm ed iz in
T hie la llee  88/92, D -1000 B erlin  33 , F R G
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o f  th e  U S F ood  and D rug A d m in is tra tio n  (F D A ) w ith  som e m odifications in c lud ing , in  p a r ticu 
la r ,  su b -en rich m en t p rocedures.

Suspicious colonies w ere te s te d  b iochem ically  followed by  serological iden tifica tio n  w ith 
facto rspecific  an tisera. F o r co n tro l o f  p a th o g en ic ity , 54 isolated stra in s  o f Listeria  monocytogenes 
a n d  L isteria  innocua  were ino cu la ted  in to  10-day-old chicken em bryos. R o u te  o f inoculation: 
a lla n to ic  sac, ap prox im ate ly  100 cells in  0.1 m l suspension [3].

R esu lts and d iscussion

O u t of 89 cheeses 8 sam ples (9% ) co n ta ined  L . monocytogenes, 17 (18% ) 
L . innocua. L . monocytogenes s tra in s  belonged  to  the  serovars l /2 a  (5 stra ins), 
a n d  l/2 b  (4 stra ins). O ne sam ples of F ren ch  cheese w as po sitiv e  w ith  b o th  se
ro v a rs . A dd itionally , tw o  sam ples o f G erm an  cheese co n ta in ed  L . innocua  
se ro v a r  6b (Table I I ) .

O u t of 76 sam ples of m inced  b eef an d  pork , 29 (38% ) co n ta in ed  L . mo
nocytogenes, 31 (40% ) L . innocua. S ero ty p in g  o fL . monocytogenes show ed sero-

ТаЫе I

Investigated Foods

S pecim en N o. of sam ples

1. Cheese
F R G  66
o th er E u ro p ean  countries 23

2. M inced  M eat

beef 38
p o rk  38

3. Poultry M eat

broilers 95
layers 5

T o ta l n u m b er of sam ples 265T o ta l n u m b er of sam ples 265

T otal

Table I I

Listeria  in  cheese 
n u m b er of sam ples 89

N o. of
p o s itiv e  sam ples Listeria  spp.

8 (9% )* L . monocytogenes serovars
l /2 a  (5 strains)
l/2 b  (4 strains)

17 (18% ) L . innocua

* One sam ple co n ta ined  b o th  serovars, tw o sam ples co n ta ined  add itio n a lly  L. innocua
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T ab le  I I I

Listeria in  m inced meat 
T o ta l num ber o f sam ples 76

N o. o f  po sitiv e  
sam ples L ister ia  spp.

29 (38% )* L . monocytogenes serovars

l /2 a (15 strains)
l/2 b (4 strains)
l/2 c (8 strains)
4ab (1 stra in )
4b (1 stra in )
4e (1 stra in )

31 (40% ) L . innocua

* One sam ple con ta ined  tw o serovars, l /2 a  an d  l/2 c . E igh t sam ples con tained  add itionally  
L . innocua

v a r  l /2 a  (15 s tra in s), se ro v ar l /2 b  (4 s tra in s), serovar l/2 c  (8 s tra in s) an d  one 
s tra in  each  of serovars 4ab , 4b an d  4e. A dd itionally , e ig h t sam ples were con
ta m in a te d  w ith  L . innocua  se ro v ar 6a. O ne sam ple co n ta in ed  tw o  serovars of 
L . monocytogenes l/2 a  an d  l/2 c  (Table I I I ) .

O u t of 100 chickens, 85 carcasses (85% ) con tained  L . monocytogenes of 
w hich  31 w ere ad d itio n a lly  c o n ta m in a te d  w ith  L . innocua , 8 carcasses (8% ) 
co n ta in ed  L . innocua  an d  1 Listeria  welshim eri. The serological id e n tific a tio n  
o f L . monocytogenes show ed th e  follow ing resu lts: serovar l /2 a  (66 stra in s), 
se ro v a r l/2 b  (3 stra in s), se ro v ar l/2 c  (7 s tra in s), serovar 3a (3 stra in s), se ro v ar

T ab le  IV

Listeria  in  poultry  meat 
T o ta l num ber o f sam ples 100

N o. o f  p o s itiv e  
sam ples L is te r ia  spp.

85 (85% )* L. monocytogenes serovars

l/2 a (66 stra ins)
l/2 b (3 stra ins)
l/2 c (7 stra ins)
3a (3 stra ins)
4a (1 stra in )
4b (3 stra ins)
4d (4 stra ins)

8 (8% ) L. innocua

1 (1% ) L . welshimeri

* Two sam ples con tained  tw o serovars, l/2 c  a n d  l /2 a ,  4a and 4d; add itio n a lly  31 ou t of 85 
sam ples con tained  L . innocua
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4a (1 stra in ), se ro v ar 4b (3 s tra in s) an d  se rovar 4d (4 s tra in s) . One sam ple 
c o n ta in in g  serovar l/2 c  w as ad d itio n a lly  co n tam in a ted  w ith  serovar l/2 a  an d  
one sam ple con ta in in g  se ro v ar 4d w as ad d itio n a lly  c o n ta m in a te d  w ith  ser- 
ro v a r  4a (Table IY).

All chicken em bryos in fec ted  w ith  th e  iso lated  s tra in s  o f L. monocyto
genes d ied w ith in  3 d ay s, m ost of th em  a f te r  2 days, w hile  L . innocua  an d  
L . welshimeri did n o t kill th e  em bryos.

T ab ic  V

Serovars o f  L . monocytogenes isolated from food o f  an im al origin

S erovar N u m b e r

l /2 a 86
l/2 b 11
l/2 c 15
3 3
4a 1
4ab 1
4b 4
4d 4
4e 1

T otal 126

O ut of 265 sam ples, a to ta l  of 126 s tra in s  of L. monocytogenes were iso 
la te d . S erovar l /2 a  w as p red o m in an t w ith  86 s tra in s  follow ed by  serovars 
1/21) and l/2 c  w ith  11 an d  15 s tra in s , respective ly . O th e r serovars inc lud ing  
se ro v ar 4b were ra re  (T able V). T herefore, i t  is in te re s tin g  to  note th a t  se ro v ar 
4b , w hich causes 2/3 o f th e  h u m an  in fections, was only d e tec ted  in a few sa m 
ples. I t  m ay be assum ed  th a t  serovar 4b does no t p lay  an  im p o rtan t role in  
food  co n tam in a tio n . H ow ever, it m ust be ta k e n  in to  acco u n t th a t  serovar 4b 
m a y  be less re s is ta n t to  in h ib ito ry  sub stan ces con ta ined  in  the  selective m ed ia  
u sed  for iso lation .

W hile T erp lan  [4, 5] de tec ted  L . monocytogenes serovars l/2 a  and  l/2c  
in  cheese bu t n o t 4b , B reer [6, 7] iso la ted  L . monocytogenes from  9 (13% )o u t of 
70 cheese sam ples from  S w itzerland . Seven  stra in s be longed  to  serovar 4b , th e  
o th e rs  were serovars l /2 a  and  3b. P in i et al. [8] iso la ted  26 stra ins of L . m o
nocytogenes from  222 cheese sam ples. S ix teen  s tra in s  belonged to  serovars 
l /2 a -c  and nine to  se ro v ar 4b.

I t  should be bo rne  in m ind th a t  d u rin g  the  o u tb re a k  of listeriosis a t  th e  
en d  of 1987 in  S w itzerland , w hich h a d  been  conveyed b y  so ft cheese, L . m ono
cytogenes serovar 4b w as iso la ted  from  cheese as well as from  hum an  p a th o 
logical m ateria l. B o th  iso lates belonged to  the sam e lyso type .
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In v estig a tio n s of m e a t an d  m ea t p roduc ts in  F ran ce  in  1984 [9] show ed 
co n tam in a tio n  ra te s  of L. monocytogenes betw een  10%  to  2 6 % . T he highest ra te  
was found  in  frozen b eef-steaks. O u t of 47 s tra in s  of L . monocytogenes, 16 b e 
longed to  serovar l/2 a , 30 to  serovar l/2c and  only  one to  se ro v ar 4b.

The ra te  of in fections o f m inced m eat w ith  L . monocytogenes was 36%  in  
A ustria  [10]. In v estig a tio n s of m inced beef in  D en m ark  d e m o n s tra te d  L . m o
nocytogenes in  28%  of th e  sam ples [11].

In v estig a tio n s of p o u ltry  m ea t in G reat B rita in  show ed th a t  ou t of 
100 carcasses 60 sam ples co n ta in ed  L . monocytogenes. S erovars l /2 a -c  were 
p red o m in an t w ith  50 s tra in s  o u t o f 76 how ever, 10 s tra in s  belonged  to  serovar 
4b [8].

I t  m ay  be concluded th a t  specific m ilk p ro d u c ts  an d  o th e r  raw  foods of 
an im al origin m ay be a p o te n tia l  reservo ir for L . monocytogenes. T he risk  of in 
fection  associated  w ith  foods of an im al origin is poorly  ap p re c ia ted  b y  th e  
general public . T herefore, people in  m edical professions m u st be fam iliar w ith  
th e  h azards o f ce rta in  foods, fo r h igh -risk  groups [12, 13]. I t  is im p lic it th a t  a 
h igh  level of hygiene-consciousness should  ex ist am ongst personel involved  in  
th e  p ro d u c tio n  and  h an d lin g  of foods liable to  co n tam in a tio n . I t  should  be 
borne in  m ind  th a t  L . monocytogenes is p a rtic u la rly  com m on in  h u m id  en v iro n 
m ents in  food m an u fac tu rin g  facilities an d  m ain tenance  of a d ry  en v iro n m en t 
is one of th e  b est w ays of lim itin g  g ro w th  of th is  o rganism . G enera l recom m en
d a tions were m ade by  th e  W H O  C onsu lta tion  on P rev en tio n  and  Control of 
L isteriosis, Berlin  (W est) 1986 [14], and  by  th e  W H O  In fo rm al W ork ing  G roup 
on F oodborne L isteriosis, G eneva, F e b ru a ry  1988 [15].
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THE INCIDENCE OF LISTERIA MONOCYTOGENES 
IN FARM BULK MILKS IN NE SCOTLAND

D. R .  F e n l o n  a n d  J .  W i l s o n

The North o f  Scotland College o f  A griculture, Aberdeen, Scotland, U K

R aw  m ilk  sam ples (c. 20 m l) w ere tak en  from  ap p ro x im ate ly  180 fa rm  b u lk  ta n k s  in  th e  
N E  of S co tlan d  on 3 occasions o v e r a period  fro m  A u g u st 1987 to  F e b ru a ry  1988 an d  te s te d  
fo r th e  presence of Listeria monocytogenes. T he m ax im u m  incidence of L . monocytogenes (3 .8% ) 
w as fo u n d  in  th e  A ugust sam pling , w ith  incidences o f 1.02%  and  2 .7%  in  O ctober an d  F eb ru a ry . 
D irec t en rich m en t o f 0.1 m l w as n e g a tiv e  and on ly  2 o f th e  to ta l o f 14 positiv es w ere ob ta in ed  
b y  d irec t en rich m en t using  1.0 m l o f m ilk , th e  rem a in d e r requ iring  cold  en rich m en t over a 
period  u p  to  8 weeks. These f in d in g s  a re  sim ilar to  tw o recen t U SA  su rv ey s w hich  suggest 
t h a t  in  po sitiv e  m ilks th e  n u m b er o f  L . monocytogenes pe r m l is in th e  o rd er o f 1 o rgan ism  p e r ml.

T he incidence of lis terio sis  in  hu m an s is increasing. A n u m b er of recen t 
o u tb reak s  have been linked  to  m ilk or m ilk  p roducts [1]. T he co n sum ption  of 
u n p asteu rized  m ilk or its  use fo r da iry  p ro d u c ts  in  m an y  o f th e  rep o rted  inc i
den ts  suggests th a t  th e  o rig in  of th e  cau sa tiv e  organism , L isteria  monocyto
genes, m ay  be co n tam in a tio n  on th e  fa rm , e ither from  m ilk ing  eq u ip m en t 
or b y  th e  cow itself.

T his s tu d y  describes a com prehensive su rvey  of th e  incidence of L . m o
nocytogenes in  farm  b u lk  ta n k s  in  N o rth  E a s t  Scotland. T he period  o f th e  in 
v estig a tio n  included seasons w hen  th e  cows were grazing a n d  w hen confined  
inside fed on silage, w hich w hen sub jec ted  to  aerobic spoilage is a know n re 
servo ir o f large num bers of L . monocytogenes [2]. The effect o f d irec t an d  long 
te rm  cold en rich m en t on iso la tio n  ra te s  of Listeria  was also d e te rm in ed .

M aterials and m ethods

M ilk sam ples, ca 20 m l, w ere o b ta in ed  from  o v er 180 farm  b u lk  m ilk  ta n k s  on th e  sam e 
d ay  an d  te s te d  fo r Listeria  as d escribed  b y  F en lon  [2] ex cep t th a t  th e  d irec t en rich m en t in cu b a 
tio n  period  was ex tended  to 48 h. T h e  f irs t  p a r t  o f th e  survey  (A ugust 1987) used 1.0 ml and
0.1 m l of m ilk  fo r d irec t en rich m en t, an d  fo r cold en rich m en t a t  4 °C 20 m l o f m ilk  w as ad ded  
to  180 m l o f  N u tr ie n t B ro th  N o. 2 (O xoid  L td .), a n d  te s ted  a fte r 1, 2, 4, 6 an d  8 weeks. I n  th e  
second (O ctober 1987) and  th ird  (F e b ru a ry  1988) sam pling  periods, th e  0.1 m l d irec t en rich 
m en t was o m itted . Cold en rich m en t w as m odified as follows, 10 ml o f m ilk w ere ad ded  to  tw o 
lo ts  o f 90 m l N u tr ie n t B ro th  N o. 2, one of w hich con ta ined  25 g l~ l calcium  c a rb o n a te  fo r 
p H  stab iliza tio n . D uring  th e  th ird  cold  en rich m en t p eriod  six pa ired  ch a lk  an d  non-chalk  cold 
en rich m en t b ro th s  were te s te d  fo r changes in  p H .

D a v id  R . F e n l o n , J .  W ilso n
T h e  N o r th  o f  S co tlan d  College o f  A g ricu ltu re
581 K in g  S tre e t ,  A b erd een  A B 9 1UD, S c o tla n d , U K
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R esu lts

The f irs t sam p lin g  perio d  (A ugust 1987) gave no p ositive  isolates b y  
d irec t en rich m en t o f 0.1 m l of m ilk  and  only  2 from  1.0 m l. A fu rth e r 5 posi
tiv e s  were p icked  up  b y  cold e n rich m en t of th e  20 m l sam ples. M axim um  recov
e ry  w as o b ta ined  a fte r  4 w eeks incu b a tio n . Som e of th e  positive  cold en rich 
m e n t sam ples w ere n eg a tiv e  a f te r  fu r th e r  in cu b a tio n , th is  m ay  have been

pH

F ig . 1. T he effect o f 25 g l—1 calcium  c a rb o n a te  on th e  p H  of cold e n rich m en t b ro th  co n ta in in g  
m ilk . J  pH  in C aC 03 b ro th , ж p H  in  co n tro l b ro th . E ach  p H  is th e  m ean  an d  SD of six m easu re 

m en ts

caused  by the  p H  falling  as low as 4.2. O verall an  incidence of 3.8%  for L . mo
nocytogenes was fo und . T he second sam pling  period  gave no isolations of L. 
monocytogenes b y  d irec t en rich m en t, and  only  tw o iso la tions from  cold e n ric h 
m en t, one from  each  ty p e  of b ro th , an  overall incidence of 1 .02% . The th ird  
sam pling  period  gave 5 p o sitive  L . monocytogenes iso lates, 4 from  th e  chalk  
cold en rich m en t and  2 from  th e  non-chalk , one iso late  w as com m on to b o th . 
T he effect of th e  ad d itio n  of chalk  on th e  p H  in  th e  cold en richm en t b ro th s  is 
show n in Fig. 1. A fte r 4 w eeks w ith o u t chalk  th e  m ean  pH s ranged  from  
4 .3 -4 .6 , inclusion o f ch a lk  ra ised  these to  p H  5 .0 -5 .8 .

The re la tio n sh ip  b e tw een  the  incidence of L . monocytogenes isolation and  
th e  to ta l  b ac te ria l c o u n t (tbc) is show n in  T ab le  I . O nly  one farm  bu lk  ta n k  
consis ten tly  co n ta in ed  L . monocytogenes and  its  tb c  w as well below average. 
T he h ighest incidence o f L . monocytogenes w as found  in  sum m er and  these  
farm s h ad  a h ig h er m ean  tb c  th a n  th e  average for all farm s te sted . The con
verse was tru e  for th e  o th e r sam pling  periods.
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D iscu ssion

The find ings of th is  su rvey  in d ica te  th a t  th e  incidence and  level of 
L . monocytogenes co n tam in a tio n  of raw  b u lk  m ilk  supplies in  Scotland  is low. 
The in frequency  of iso la tion  from  d irec t en rich m en t suggests levels of c o n ta m 
in a tio n  sim ilar to  those  found  b y  L o v e tt e t al. [3] o f less th a n  one Listeria  
per m l. This is in  accord w ith  th e  resu lts  of H ayes e t al. [4] who o b ta in ed  no 
positive  isolations b y  d irect p la ting , y e t 12%  of sam ples y ielded L . m ono
cytogenes a f te r  cold en rich m en t of 50 m l m ilk. T he h igher incidence found  in 
th e ir  su rv ey  m ay have been due to  th e  g rea te r  vo lum e of m ilk used, 50 ml 
com pared  to  20 m l in  th is  su rvey  and  25 ml in th a t  o f L o v e tt e t al. [3].

H ayes et al. [4] rep o rted  problem s in  s tab iliz ing  the  pH  of th e  cold e n 
rich m en t b ro th . T he stud ies rep o rted  in  th is  p ap e r show ed th a t  th e  in co rp o ra 
tio n  of 25 g l-1 calcium  carbonate  m ain ta in ed  th e  p H  above 5.0. This inclusion 
of chalk  in th e  cold en rich m en t du ring  th e  th ird  p a r t  of the  su rvey  did give a 
h igher ra te  of iso la tion , b u t the  low  overall incidence of L . monocytogenes 
m akes it  im possib le to  arrive a t a s ta tis tic a lly  s ign ifican t resu lt.

The presence o fL . monocytogenes was found  to  be sporadic, only one fa rm  
gave positive iso lates on all th ree sam pling  occasions. Milk from  th is  fa rm  h ad  a 
co n sis ten tly  low tb c , show ing the  s ta n d a rd  of hygiene to  be ex trem e ly  h igh. 
One o th e r fa rm  gave positive iso lates on 2 occasions, all o th e r iso lates o rig in a ted  
from  differen t farm s. The seasonal bias to w ard s th e  colder m on th s found  b y  
L o v e tt c t al. [3] w as n o t ap p a re n t in  th is  su rvey . The h ighest incidence was

T ab le  I

Total bacterial count o f  bulk tank m ilks in  the week L . monocytogenes isolated

T o ta l b ac te ria l c o u n t p e r m l m ilk

S u m m er 87 A u tu m n  87 W in te r  87/88

a 5000 4000 6000
b 86000 — 18000
C 39000 — —

d 17000 — —

e 16000 — —

t — — 9000
g — 6000 —
h — — 6000
i — — 6000
j 5000 — —

к 4000 — -

Mean of listeria  positives 25000 5000 9000
Mean of all producers 

sam pled 11000 17000 12000
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fo u n d  in  th e  su m m er m onths, w hen  4 o u t o f th e  7 b u lk  sam ples found  positive 
w ere from  farm s w ith  h igher th a n  average  tb c ’s, th o u g h  all b u t one w ere below 
a lev e l w hich  w ould  incu r a p e n a lty  from  th e  local m ilk m ark e tin g  b o ard  
(46 000 b a c te ria  p e r m l). The incidence of L . monocytogenes was low er in  th e  
tw o  sam pling  periods during  w hich th e  cows w ere housed an d  fed  on silage. 
T he to ta l  b ac te ria l co u n t (tbc) o f m ilk  fo u n d  to  be positive w as low er th a n  
av e rag e  in  all b u t  one case. T his suggests th a t  hygiene s ta n d a rd s  an d  silage 
feed ing  are n o t s ign ifican t fac to rs affecting  th e  incidence of Listeria  co n ta m 
in a tio n .

T hese levels of Listeria  c o n ta m in a tio n  are  un like ly  to  su rv ive  p a s te u riz a 
tio n  b u t  m ay  be su ffic ien t to  cause p rob lem s w ith  soft cheeses, especially  th e  
m o u ld  rip en ed  v a r ie ty  m a n u fac tu red  from  u n p asteu rized  m ilk. R y se r and  
M a rth  [5] have  d em o n stra ted  th a t  L . monocytogenes can  m u ltip ly  d u rin g  th e  
r ip en in g  of C am em bert cheese. T he ex trem e ly  low num bers of th e  organism  
fo u n d  in  these  su rveys m ay be able to  form  a sufficient inocu lum  for subse
q u e n t m u ltip lica tio n  in  th e  rip en in g  cheese. A n analogous s itu a tio n  ex ists in  
th e  fe rm e n ta tio n  o f silage follow ed b y  aerobic de te rio ra tio n  rep o rted  b y  Fen- 
Ion [6]. In  th e  o rig inal grass th e  lis te riae  w ere too  few to  be d e tec ted  b y  d irec t 
en ric h m e n t, y e t w hen  ensiled in  cond itions w here th e  orig inal fe rm e n ta tio n  
w as follow ed b y  aerobic d e te rio ra tio n  an d  m ould  g row th  num bers o ften  reached  
106/g. L . monocytogenes can  su rv ive  long periods in  acid cond itions, w hen 
th e  re s tr ic tio n  of low  pH  is lifted , due to  m ould  g row th  e ith e r  u tilis in g  or 
n eu tra liz in g  th e  lac tic  acid, n u m b ers  can  increase to  levels dangerous to  h u 
m an s or an im als consum ing th e  p ro d u c t. C onsequently  all m ilk  shou ld  be 
p a s te u riz e d  w h e th e r in ten d ed  for th e  liq u id  m a rk e t or for use in  th e  m a n u 
fa c tu re  of da iry  produce.
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EXAMINATION OF LISTERIA MONOCYTOGENES 
IN MILK PRODUCTS

M. R o d l e r  and  W .  K ö r b l e r

N ational In stitu te  o f  Food Hygiene and N u tr itio n , B udapest, H ungary

T he a im  of o u r ex am in a tio n s  was to  m ake c lear w h e th e r lis te riae  occur in  H u n g a rian  
m ilk p ro d u c ts , f i r s t  o f all, in  cheese. In  th e  course o f m o d el-ex am in a tio n s , th e  m o st su itab le  
enrichm ent- an d  iso la tio n  m edia  were selected . A n  ex am in a tio n  m eth o d  was e la b o ra te d  
involving co ld -en richm en t a n d  K O H  tre a tm e n t. M ilk sam ples fro m  d ifferen t p a r ts  o f th e  
co u n try  and  cheeses p ro d u ced  b y  d ifferen t technologies w ere exam in ed . To th e  p re sen t, 80 raw  
m ilk  sam ples an d  100 cheese sam ples were exam ined . Listeria  monocytogenes could b e  d e tec ted  
in  3 raw  m ilk  an d  2 cheese sam ples.

R aw  m ilk  m ay  be supposed to  co n ta in  p a th o g en ic  m icrobes and  m ay  be 
consum ed w ith o u t risk  only  a fte r ad eq u a te  b e a t t r e a tm e n t. A ccording to  
lite ra ry  d a ta , m ilk  p ro d u c ts  p lay  often a considerab le  role in  the sp read ing  of 
listeriosis. I t  is su ffic ien t to  m ention  th a t  49 persons w ere ta k e n  ill w ith  lis te 
riosis in  th e  U SA in  1983, 14 of th em  died. T he diseases w ere associated  w ith  
m ilk. In  Caliform ia, 86 illnesses were caused  b y  L isteria  monocytogenes in  th e  
f irs t h a lf  of 1985, w ith  fa ta l  outcom e in  29 cases; 58 m o th e rs  and  in fan ts  w ere 
in fected  and  21 p e r in a ta l dea th s  occurred . T he disease w as conveyed b y  fresh  
cheese, p roduced  accord ing  to  M exican a rt in  th e  sam e p la n t and  in  th e  case 
of w hich, th e  h e a t t re a tm e n t of th e  m ilk w as n o t su ffic ien t. In  th e  U K  a 36 
years old w om an fell ill w ith  m eningitis in  1985, due to  L . monocytogenes in 
fection . The p a tie n t consum ed im ported  soft cheese, from  w hich th e  id en tica l 
serovar (4b) of th e  o rgan ism  could be iso la ted .

The aim  of our ex am in a tio n  was to  m ake clear w h e th e r L . monocytogenes 
occurs in  H u n g a rian  m ilk  p roducts, f irs t o f all, in  cheese, p roduced  b y  using  
d ifferen t technologies. In  th e  course of m o d el-ex am in a tio n s, th e  m ost su itab le  
enrichm ent an d  iso la tion  m edia were selected.

M aterials and m ethod s

M edia. 1. Cold enrichm ent (4  °C) soy broth: B ac to  T ry p to n e , 17 g; glucose, 0.5 g; soybean  
pep tone , 3 g; N aC l, 5 g; K 2H P 0 4, 2.5 g; w a ter, 1000 m l; p H  7.3.

2. E nrichm ent (30  °C) broth: soy b ro th , 30 g; y e a s t e x tra c t  (O xoid), 6 g; try p aflav in e , 
0.015 g; nalid ix ic  acid, 0.04 g; w a te r  to  1000 m l; p H  7.3.

M iklós Rodler, W alter K örbler

N a tio n a l In s t i tu te  o f  F o o d  H ygiene  a n d  N u tr it io n
G yáli ú t  3, H -1476 B u d a p e s t,  H u n g a ry
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3. Isolation m edium : m ea t e x tra c t  (L ab  L em co or C orbovin), 5 g; t ry p to se  (O xoid), 5 g; 
p e p to n e  (R ich te r), 5 g; y e a s t e x tra c t (O xoid), 5 g; N aC l, 5 g; agar (R ean a l), 10 g; n a lid ix ic  
acid , 0.04 g; try p a fla v in e  0.02 g; w a ter, 1000 m l; p H  7.3.

Cultures. In  th e  m o d el-exam inations, th e  app lied  L. monocytogenes s tra in s , b o th  of 
h u m a n  and  of a n im al orig in , were from  th e  s tra in  collection  of th e  N a tio n a l I n s t i tu te  o f H ygiene, 
B u d a p es t.

M odel exam inations. A specim en of 25 g w as hom ogenized in  225 ml e n ric h m e n t m edium  
a n d  a f te r  hav ing  d is tr ib u te d  th e  hom ogenizate  o n to  th e  isolation  m ed ium , b o th  m edia were 
in c u b a te d  a t  30 °C fo r 24 h. A fter spread ing , 0.1 m l from  th e  en richm en t m ed ium  w as in o cu la ted  
in to  10 ml en rich m en t m edium  and  in cu b a ted  as described  above. A fter sp read in g , th e  m edium  
w as le f t  to  s ta n d  a t  room  tem p e ra tu re  for a w eek an d  was spread  again. A t th e  sam e tim e , cold 
e n ric h m e n t and , in  th e  case o f sp read ing  o n to  iso la tio n  m edium , K O H  tre a tm e n t  was app lied  
in  all cases. Cold en rich m en t was perfo rm ed  a t  4 °C w ith  w eekly sp read ings, fo r severa l weeks. 
Id e n tif ic a tio n  of th e  iso lates was perform ed by  th e  u sua l m ethods.

R esults an d  discussion

In  con n ec tio n  w ith  a s tillb ir th  due to  L . monocytogenes in fec tio n , we 
exam ined  76 co llected  raw  m ilk  sam ples of th e  C ream ery of G yöngyös, H u n 
g a ry  and  4 ra w  m ilk sam ples im p o rted  from  C hechoslovakia. F u rth e rm o re , 
sam ples o f cheese, p roduced  b y  d iffe ren t technologies an d  com ing  from  dif
fe ren t p a r ts  o f th e  co u n try , were ex am in ed .

The resu lts  are p resen ted  in  T ab le  I. Tw o positive raw  m ilk  sam ples orig
in a te d  from  th e  region w here th e  s ti l lb ir th  occurred, an d  one cam e from  
C hechoslovakia . L . monocytogenes cou ld  he d e tec ted  in tw o sam ples of H a jd ú  
cheese (N agykőrös). This cheese, be long ing  to  the  m ould cheeses, was processed 
b y  th e  m in im um  h ea t tre a tm e n t p rescribed . W e recom m ended  th e  increase of 
th e  te m p e ra tu re  of p asteu riza tio n  an d  called  a tte n tio n  to  th e  rigo rous keep ing  
o f techno log ica l regu la tions.

The im p o rtan ce  of em ploy ing  v e te r in a ry  m easures for m ilk p ro d u c tio n  
shou ld  be em phasized . The m ilk of cows suffering from  g a rg e t, m u s t n o t be

Table I

Results o f  L . monocytogenes examinations

Sample Number Positive* Negativ*

Raw' m ilk 80 3 77
Soft cheese 25 — 25
M oulded cheese 10 2 8
Cheese ripened by molds 10 — 10
Sem i-soft cheese 25 — 25
H ard  cheese 10 — 10
Processed cheese 20 - 20

T otal 180 5 175

* Serovar l /2 a
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m ixed  in to  th e  collected m ilk. T he illness m ay be due also to  L . monocytogenes 
in fec tion . A ccording to  lite ra ry  d a ta , th e  su rv iv a l of th e  p a th o g en , a f te r  th e  
p as teu riz in g  h e a t tre a tm e n t, m ay  be due to  a h igh  b ac te ria l co u n t an d  to  a 
p ro tec tiv e  effect o f Avhite blood cells.
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PERSISTENCE OF LISTERIA MONOCYTOGENES 
IN THREE SORTS OF SOIL

F r a n ç o i s e  P i c a r d - B o n n a u d , J .  C o t t i n  and  B .  C a r b o n n e l l e

U niversity In stitu te  o f  Technology, and U niversity  Regional Centre H ospita l,
A ngers, France

Life tim e of Listeria  monocytogenes (s tra in  P S  10401, se ro v ar 4b) was stu d ied  in  th ree  
so rts o f soil: a  chalky  soil, poor in  organic m a tte rs  (p H  8.3) a p e a ty  soil rich  in  organic m a tte rs  
(p H  5.5) a m ix tu re  o f a  c h a lk y  an d  p e a ty  soil (pH  7.9). A b o u t 105 colony form ing  u n its  (c .f.u .) 
p e r  g o f d ry  m ate ria l w ere in o cu la ted  to  each  so rt o f  soil w h ich  w as in cu b a ted  a t  4 °C or a t  
20 °C. P eriod ically  sam ples w ere tak e n  and  a n u m era tio n  o f germ s w as m ade on  T ry p to se  Soy 
A gar. W hen  d irec t n u m era tio n  was negative , an  e n ric h m e n t was m ad e  a t  low  tem p e ra tu re . In  
p e a ty  soil, L . monocytogenes d isappeared  a fte r  in cu b a tio n  of 162 d ay s a t  4 °C and  156 days a t  
20 °C. In  chalky  soil, L . monocytogenes d isap p eared  a f te r  394 d ay s o f in cu b a tio n  a t  20 °C, 
w hereas a t  4 °C, 104 c .f .u ./g  o f d ry  m a tte r  were fo und  1500 d ay s la te r .  I n  m ix tu re  of chalky  an d  
p e a ty  soil, 104 c.f.u . w ere fo u n d  1500 days a fte r  in o cu la tio n  a t  4 °C w hereas 103 c.f.u. were fo u n d  
a t  20 °C. Acid soils do n o t  allow  th e  persistence of L . monocytogenes fo r m ore th a n  160 days. 
Low tem p e ra tu re  are  sig n ifican tly  favourab le  to  th e  persis ten ce  o f L . monocytogenes.

The influence of soil on the b eh av io u r of num erous m icroorganism s has 
been often  show n [1]. T he d ifferent c lim atic  an d  e n v iro n m en ta l com ponents 
p lay  a role on th e  p resence of some germ s, on th e ir  co n cen tra tio n  and  perhaps 
on th e ir  pathogen ic  n a tu re .

Listeria monocytogenes is a te llu ric  b ac te riu m , o ften  found  in  en v iro n m en t, 
in  cu ltiv a ted  or fallow  lan d s, in  decaying p la n ts  [2, 3] o r in  liqu id  w aste [4]. 
T hus, ev a lu a tin g  th e  life tim e  of L. monocytogenes in  soil an d  its  possible m u l
tip lica tio n , seem ed of in te re s t  to  us.

M aterials and m ethods

Organism. L . monocytogenes s tra in  PS  10401, b e ta  h aem o ly tic , se ro v ar 4b, sensitive  to  
num erous phages [5], w as em ployed.

Preparation o f  soil sam ples. T here d ifferen t ty p e s  o f soils w ere u sed : a chalky  soil (p H  
8.3, low  organic m a tte rs  c o n te n t 15.3%0), a p e a ty  soil (p H  5.5, h ig h  organ ic  m a tte rs  co n te n t 
313.3%0), a m ix tu re  of p e a ty  a n d  chalky  soil (p H  7.9, average  o rgan ic  m a tte rs  co n te n t 74.9%0).

Françoise Picard-Bonnaud
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T h e  d ry  m a tte r  c o n te n t of each sam ple  w as d e te rm in ed  a fte r in cu b a tio n  a t  105 °C for 15 h 
w ith  a weighing o p e ra tio n  before and  a f te r  th e  d ry in g  [6]. The sam ples u sed  w ere a u to c lav ed  
3 tim e s  for 20 m in a t  120 °C for 3 days ru n n in g . F o r each so rt of soil, a liq u o ts  w ere d is tr ib u te d  
in  tu b e s  all u n d e r s te rile  conditions (T ab le  I). T he n u m b er of sam ples is im p o r ta n t:  i t  allow s 
u s to  tak e  two of th em  a t regu lar in te rv a ls , so th a t  th e  ex p erim en ts can  be  co n tin u ed  over 
sev e ra l m onths.

Preservation o f  samples. T ubes w ere k e p t  in d a rkness; th e  f ir s t  h a lf  of each  lo t was 
in cu b a te d  a t  4 °C, th e  o th er one a t  am b ie n t tem p e ra tu re  of th e  lab o ra to ry .

Taking  and counting o f  samples. O ver 100 d ay s every  week, th e n  a t  longer in te rv a ls , tw o 
tu b e s  per ex p erim en t were tak en . T he w hole c o n te n t of a tu b e  is used  ag a in  w ith  a sterile  
d isp e rsin g  so lu tion  (B acto  pep tone , 1 g /li tre ;  sodium  p y ro p h o sp h a te , 5 g /litre )  a t  th e  r a te  of 
45 m l of d ispersing so lu tion  for 5 g o f soil. A fte r  d ilu tio n  in  sterile  w a te r , co u n tin g  w as m ade 
on  “ T ry p to se  Soy A g ar”  (B iom érieux) F if ty  m icro liters o f th e  suspension  w ere p laced  on  th e  
su rface  of th e  agar, th e n  spread  w ith  a “ b u tto n e d ” p ip e tte  to  o b ta in  a s ta r t-sh a p e d  iso la tion . 
T h ree  P e tr i d ishes, ino cu la ted  for each  d ilu tio n , were in cu b a ted  for 48 h  a t  37 °C. C ounting  
w as m ade e ith e r by  d irec t reading or b y  read in g  on th e  colony a u to m a tic  co u n te r.

Cold enrichm ent. In  d irec t co u n tin g , a f te r  th ree  sam plings w hen no L. monocytogenes was 
iso la te d , a cold en rich m en t was m ade [7]. T en  ml o f en rich m en t b ro th  (T ry p to se  P h o sp h a te  
B ro th , Merck) w ere d is tr ib u te d  in each  tu b e . T he en richm en t sam ples w ere k e p t a t  4 °C. 
E v e ry  3 weeks, 1 ml of th e  b ro th  w as tran s fe rre d  in to  10 ml of e n rich m en t b ro th  (L isteria  
e n rich m en t b ro th  b ase , M erck) enriched  by  try p a flav in e  (0.01 g/1), an d  p o tassiu m  th io c y a n a te  
(37.5 g/1). A fter tw o days of in cu b a tio n  a t  22 °C if g row th  was ev id en t, a loopful o f th e  cu ltu re  
w as spread  on a se lective ag ar for Listeria  (M erck) enriched by  nalid ix ic  acid  (0.04 g/1) and 
try p a fla v in e  (0.01 g/1). Suspec t colonies w ere iden tified .

R esu lts and d iscussion

The resu lts  are p resen ted  in  T ab le  I I .  In  chalky  soil p reserved  a t 4 °C, 
b a c te ria  m u ltip lied  over a period  of 30 days following th e  cu ltu re , grow ing 
from  6.8 X l 0 5 c. f. u. to  2 X Ю7 c. f. u . p er g of d ry  m a tte r  o f soil. T h en  the  
b a c te ria l p o p u la tio n  decreased to  stab ilize  a t 104 c. f. u. p e r g of d ry  m a tte r . 
A fte r  1500 days of cu ltu re , th e ir  n u m b er becam e stab ilized  a t  104 c. f. u. p e r g 
o f  d ry  m a tte r  (F ig . 1).

In  c h a lk y  soil p reserved  a t  a m b ie n t tem p era tu re , th e  n u m b er of c. f. u. 
increased  from  6.8 X Ю.5 a t th e  tim e  of cu ltu re  to  107 c. f. u. 23 days a fte r  
cu ltu re . T hen  th e  c. f. u. decreased  g rad u a lly  and  d isap p eared  394 days a fte r 
th e  beg inn ing  of experim en t. E n ric h m e n t by  cold show ed th e  presence of 
L . monocytogenes in  5 sam ples o u t of 51 (F ig. 1).

Table I

Num ber, composition and degree o f  contam ination o f the samples studied in  the
three sorts o f  soil

N a tu re  o f soil
N u m b er 

o f  sam ples
Q u a n tity  of d ry  

m a tte r  p e r  sam ple
In o cu lu m  c .f.u . p e r  g 

o f d ry  m a t te r

C halky soil: p H  8.3 309 4.87 g 6.8 x 1 0 s

P e a ty  soil: p H  5.5 180 2.31 g 4.4 x 1 0 s

M ixture of chalky  and p ea ty  soil 
p H  7.9 312 4.66 g 8 x 1 0  s
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Table II

L ife  time and number o f c .f.u . o f  L . monocytogenes stra in  P S  10401 observed in
the three sorts o f  soil

N a tu re  o f  soil
In o cu lu m : c.f.u . 

p e r  g o f  d ry  
m a t te r  in  soil

T e m p era tu re
of

p rese rv a tio n

M axim um  n u m b er  o f  c .f .u  
p e r  g o f d ry  m a t te r  in  soil

N u m b er o f c .f.u . p e r  g  o f 
d ry  m a t te r  a n d  life tim e

Chalky soil 6.8 X 105 4 °C 2 x l 0 7, 31 days la te r 104, on 1500th d ay

20 °C 107, 23 days la te r d isappearance on 
394th day

P e a ty  soil 4.4 X lO 5 4 °C m axim al n u m b er in 
th e  inoculum

disappearance on 
162nd day

20 °C 8.7 X lO 5 
14 days la te r

disappearance on 
156th day

M ixture of 
chalky  and  
p e a ty  soil

8 X 103
4 °C 

20 °C

107
45 days la te r  

2 X lO 7
20 days la te r

104
on 1500th d ay

103
on 1500th day

In  sam ples o f p e a ty  soil p reserved  a t  4 °C, L . monocytogenes w as fo u n d  
for 162 days. In  th e  sam e m edium , a t  am b ien t te m p e ra tu re , its  p resence w as 
show n fo r 156 days (F ig. 2).

D u rin g  th e  w hole period of these  tw o  exp erim en ts , countings rev ea led  a 
progressive decrease in  the  num ber o f b ac te ria . T he cold en rich m en t m ade 
a fte r  th re e  successive an d  negative sam plings show ed th e  presence of L . m o
nocytogenes in  one sam ple out of 8 p rese rv ed  a t  4 °C, w hereas sam ples p rese rv ed  
a t  a m b ie n t te m p e ra tu re  p resen ted  no b ac te ria l d evelopm en t a fte r en rich m en t 
by  cold for th ree  m o n th s.

/--------

! ---------------- >-------— ►

1500 days

Fig. 1. L o g arith m  of c .f.u . o f L . monocytogenes P S  10401 se ro v ar 4b pe r g of d ry  m a t te r  o f 
cha lk y  soil ----------  sam ples a t  20 ° C ; -----------------sam ples a t  4 °C
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d a ys

F ig . 2 . L o g arith m  of c .f .u . o f L . monocytogenes P S  10401 serovar 4b pe r g o f d ry  m a tte r  of 
p e a ty  soil ----------  sam ples a t  20 ° C ; ---------------- sam ples a t  4 °C

/ •

A -

/ ------------------- * -

1500days

F ig . 3. L o garithm  of c .f.u . of L . monocytogenes P S  10401 serovar 4b p e r g o f d ry  m a tte r  o f
m ix tu re  o f a c h a lk y  an d  p e a ty  s o i l s . ---------- sam ples a t  20 °C; — — — sam ples

a t  4 °C

In  th e  m ix tu re  of p ea ty  and  c h a lk y  soil p reserved  a t  4 °C, th e  n u m b er 
c f. u . increased from  8 X 105 a t th e  tim e  o f cu ltu re  to  107 c. f. u. per g of d ry  
m a tte r ,  40 days a f te r  inoculation . T h en  th is  num ber h ad  decreased  b y  th e  
2 0 0 th  d a y  and  becam e stabilized  a t  104 c . f .u .  per g of d ry  m a tte r . T his r e 
m ain ed  as lo n g  as 1500 days a fte r cu ltu re  (F ig . 3).

In  th e  m ix tu re  of p ea ty  and  c h a lk y  soil preserved  a t am b ien t te m p e ra 
tu r e ,  th e  n u m b er o f c. f. u. increased  from  8 x l 0 5 a t  th e  tim e  of cu ltu re  to  
107 fo u r weeks a f te r  cu ltu re . This n u m b e r h a d  decreased b y  th e  150th d ay  an d  
s tab ilized  a t  103 c . f .u .  per g of d ry  m a tte r . This was found  1500 days a f te r  
c u ltu re  (Fig. 3).
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D iscussion

The life possib ilities o f L . monocytogenes in d iffe ren t soils and  precise en 
v iro n m en t cond itions have been confirm ed. The resu lts  are in  accordance 
w ith  th e  lite ra tu re : W elsh im er [8] k ep t alive L . monocytogenes in  a sterile  
garden  soil and  a t  24-26 °C, th e  n u m b er of v iab le  m icroorganism s being 
З х Ю 4 b ac te ria  p e r g of soil a f te r  295 days of in cu b a tio n . Soil is a b e tte r  m e
dium  th a n  w a te r  fo r L . monocytogenes to  live [9].

The tw o  e n v iro n m en ta l fac to rs , often m en tioned , in te rv en in g  in  L . mo
nocytogenes co n serva tion , are th e  degree of ac id ity  of th e  m edium  an d  th e  
in cu b a tio n  te m p e ra tu re . In  fac t, in  a p ea ty  soil, th e  m ed ium  ac id ity  can n o t 
allow  a p re se rv a tio n  superio r to  5 m on th s w hereas th e  h igh  organic m a tte r  
co n ten t can  ensure  a good life for L . monocytogenes. In  th e  tw o o th e r m edia  
in  w hich th e  o rgan ic  m a tte rs  c o n te n t is low er an d  th e  p H  less acid, L . mono
cytogenes is p re sen t a f te r  1500 days in  g reat num bers.

The re su lts  w ere observed  in  n a tu re  w here tak in g s  m ade in  forests and  
in  dam p soils, rich  in  decaying p la n ts  (rich in  hum us) [10, 11], show  th a t  th e  
presence of L . monocytogenes declines w hen th e  p H  becom es acid and  th e  o rga
nic m a tte rs  c o n te n t increases.

The p re se rv a tio n  te m p e ra tu re  is an  im p o rta n t fac to r  w hich in te rvenes 
in  th e  num ber o f su rv iv in g  germ s. W h atev er th e  m ed ium  ac id ity  w as, th e  life 
tim es and  th e  co un tings were superio r w hen  sam ples w ere p reserved  a t  4 °C. 
B o tz ler [9] show ed th a t  th e  b a c te ria  m ultip lied  w hen  th e  ex te rio r tem p e ra tu re  
v a ried  betw een —6 °C and  + 9  °C. U psurges in  h u m a n  listeriosis were observed  
du ring  w in te r an d  sp ring  [12].

Thus soil is a m edium  ex trem ely  favourab le  to  th e  life of L . monocytoge
nes ; op tim um  co n d itions being a slig h ty  acid m edium  (superio r to  5.5) an d  low 
ex te rio r te m p e ra tu re  (4 °C).
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PRESERVATION OF THE VIRULENCE OF 
LISERIA MONOCYTOGENES  IN DIFFERENT  

SORTS OF SOIL

F r a n ç o i s e  P i c a r d - B o n n a u d , J .  C o t t i n  and  B .  C a r b o n n e l l e

U niversity  Institu te  o f  Technology, and U niversity  Regional Centre H ospital,
A ngers, France

L isteria  monocytogenes (s tra in  PS  10401, se ro v a r 4b) whose v iru len ce  was well k n o w n , 
has been  p laced  for 600 days in  a  s te rile  ch a lk y  soil (p H  8.3) and  in  a  m ix tu re  of c h a lk y  a n d  
p e a ty  soil (p H  7.9) and  in cu b a ted  a t  4 °C an d  20 °C. G roups of six OF1 m ice were challenged  
b y  su b cu tan eo u s  in jec tio n  in  th e  re a r  le f t h in d  fo o d p ad  w ith  each  so r t  o f germ s. T h ree  days 
a f te r  in o cu la tio n , m ice w ere k illed  b y  cervical d is ru p tio n  and  n u m era tio n  of L . monocytogenes 
was m ade  in  th e  spleen. C hem ical com position  o f soil does n o t change v iru lence of germ s. B u t 
low  te m p e ra tu re s  sign ifican tly  increase  v iru lence.

L isteria  monocytogenes is a te llu ric  germ  th a t  can  co n tam in a te  h u m a n  
and  an im al food. S uspected  since 1975 [1], a rea l food c o n ta m in a tio n  h as  been  
show n c learly  in  h u m an  beings [2 -4 ].

I t  seem ed in te re s tin g  for us to  k now  if  th e  v iru lence o f L . monocytogenes 
could be a ffec ted  b y  a le n g h ty  in c u b a tio n  in  soil sam ples. T hus a s tra in  o f 
know n v iru len ce  has been  p laced  for 600 day s in tw o d iffe ren t sorts o f soil 
in cu b a ted  a t 4 °C and  20 °C. In  each case th e  viru lence of th e  s tra in  has been  
te s ted  on lo ts  o f holoxenic m ice u n d e r w ell-defined  conditions [5] w hich allow ed 
a good rep ro d u c ib ility  of ex p erim en ts  an d  th e  com parison o f resu lts.

M aterials and  m ethods

Organism . L . monocytogenes s t ra in  PS 10401, serover 4b, b e ta -h aem o ly tic , was u sed  [6]. 
T his s tra in  is sensitive  to  nu m ero u s phages [7]. I t s  v iru lence has b een  d e term ined  a t  th e  
beg inn ing  o f th e  experim en ts. T he b a c te riu m  w as k e p t  in  two d iffe ren t so rts  of soil a n d  a t  
d iffe ren t te m p e ra tu re s  fo r 600 days.

Soil. Tw o so rts of soil w ere u sed : a ch a lk y  soil (p H  8.3, low  organ ic  m a tte rs  c o n te n t 
15.3%0), a m ix tu re  o f p e a ty  an d  ch a lk y  soil (p H  7.9 , average  organic m a tte rs  c o n ten t 74.9%0). 
T he soils w ere au to c lav ed  for 20 m in  a t  105 °C, fo r  3 days running .

Culture o f  soil sam ples, preservation and isolation o f  bacterial stra ins. T he soil sam p les 
w ere cu ltu red  b y  flooding an d  p reserv ed  a t  4 °C o r a t  20 °C in  da rk n ess (T able I). A fte r 600 
days o f in cu b a tio n , th e  s tra in s  w ere iso la ted  from  each  sam ple and id en tified  [6].

F r a n ç o ise  P ic a r d -B o n n a u d
I n s t i tu t  U n iv e rs ita ire  de  T echnologie
4 , B o u le v a rd  L a v o is ie r, 49045, A ngers C edex, F ra n ce

J .  Co t t in , B . Ca r b o n n e l l e
L a b o ra to ire  de B a c té rio lo g ie —V irologie, C en tre  H o sp ita lie r  R é g io n a l e t  U n iv e rs ita ire  
4  ru e  L a rre y , 49040 , A ngers Cedex, F ra n ce

Acta Microbiologica Hüngarica 36, 1989
Akadém iai Kiadó, Budapest



270 PICARD-BONN AUD e t al.

M ice. Six weeks o ld  fem ale  holoxenic m ice Sw iss O F  1 (IF F A  C R E D O  S a in t G erm ain  sur 
A rb resles 69210 F ran ce), w eigh ing  25 to 30 g a t  th e  beg inn ing  of th e  ex p erim en ts were used . 
T h ey  w ere bred u n d e r s te rile  co nd itions and  in  a  co n tro lled  a tm osphere . T h ey  were fed ste rile  
food  a n d  w ater, ad  l ib itu m .

Culture and inoculation . A fte r iso lation  fro m  d iffe ren t soils, th e  b ac teria  have b een  
c u ltu re d  on b ra in -h e a r t a g a r  (B iom érieux), fo r 20 h  a t  37 °C, th e n  su spended  in a b u ffered  
so lu tio n  (pH  6.9). T h en  th e  suspension  was d ilu te d  an d  th e  inocu lum  w as s tan d ard ized  b y  
tu rb id im e try  in o rder to  o b ta in  a final co n ce n tra tio n  of 2 x 1 0 °  b a c te r ia  p e r ml [5]. Two lo ts  
o f 6 m ice a t  th e  beg inn ing  o f th e  experim en ts (co n tro l a t  d ay  1) th en  six  lo ts  of 6 mice (day  600) 
h a v e  received 0.05 ml o f su spension  (105 b ac te ria )  p e r sub cu tan eo u s in jec tio n  in  the  re a r  le ft 
h in d  foodpad.

Spleen counts. T h ree  d ay s  a fte r in o cu la tion , th e  m ice were k illed  b y  cervical d islocation . 
T h e  spleen was ta k e n  o ff  u n d e r  sterile  conditions. I t  w as w eighed, subm erged  in a sterile  p h y 
siological solution, th e n  g ro u n d . A fter d ilu tion , c u ltu re  was m ade in tw o  P e tr i  dishes c o n ta in 
in g  T ry p to se  Soy A gar (B iom érieux). The co u n tin g  w as m ade a fte r  48 h  o f incu b a tio n  a t  30 °C.

T ab le  I

Characters o f  preservation media fo r  L . monocytogenes P S 10401

N a tu re  o f  soil
p H  of 

soil
Inocu lum : c .f.u . p e r  g  of 

d ry  m a t te r  in  soil
P rese rv a tio n
tem p e ra tu re

P reserv a tio n
tim e

Chalky soil 8.3 7.5 x 1 0 s 4 °C 600 days

M ixture of p e a ty  
and chalky soil 7.9 6 x l 0 6 4 °C and 20 °C 600 days

T ab le  I I

Virulence o f  the control strain before its addition to the soil

In o cu lu m  p e r  an im a l: sub- A verage an d  s ta n d a rd
m ice an im als cu taneous in je c tio n  in  th e in te rv a l o f th e  lo g arith m

re a r  le ft fo o d p ad o f c.f.u . p e r  sp leen

l 6 1.6 X  10s 4.52 +  0.36

2 6 1.8 x 1 0 s 4 .3 9 + 0 .3 1

T ab le  I I I

Virulence o f  stra in  kep t fo r  600 days in  d ifferent soils and at different temperatures

N atu re  o f soil
P rese rv a tio n
tem p e ra tu re

N u m b e r  o f 
an im a ls In o cu lu m  p e r  an im a l

A verage and  s ta n d a rd  in 
te rv a l of th e  lo g a r ith m  of 

c .f.u . p e r  sp leen

C halky soil 4 °C 6 1 .1 x 1 0  s 4 .84+ 0 .27
6 1.1 X  10s 4.57 +  0.17

M ixture  of p ea ty  and 4 °C 6 2.1 X  10 s 5.02 +  0.35
chalky soil 6 1.5 x 1 0 s 4 .8 0 + 0 .1 2

20 °C 6 1.6 x 1 0  s 4 .5 4 + 0 .2 3
6 1.8 x 1 0 s 4 .3 1 + 0 .1 6

Acta Microbiologica Hungarica 36, 1989



PRESERV A TIO N  OF V IR U L E N C E  IN  SOIL 271

R esu lts

In  Tables I I  an d  I I I  th e  n u m b e r of v iab le  b a c te ria  are expressed  b y  th e  
lo g arith m  of th e  c. f. u . (colony form ing un its) p er sp leen, and  th e  resu lts  o f th e  
v iru lence te s t  are expressed  in  average b y  group of 6 mice, b y  th e  lo g a rith m  
of th e  c. f. u . p er sp leen. The average, th e  s ta n d a rd  in te rv a l and th e  v a ria n c e  
have been  ca lcu la ted  according th e  lo g a rith m  values.

T he 6 s tra in s  p reserved  in  soil, genera lly  h ad  th e  sam e v iru lence as th a t  
of th e  con tro l s tra in  a t  th e  beginning of th e  ex p erim en t. C ontroversely , w hen 
d iffe ren t p rese rv a tio n  tem p era tu res  w ere com pared , th e  v iru lences show ed 
s ign ifican t differences. B ac te ria  p reserved  in  th e  m ix tu re  of chalky  an d  p e a ty  
soil a t 4 °C show sign ifican t differences from  th e  v iru lence of th e  con tro l 
s tra in  (t =  2.31 a t  95 %  — ddl =  22). T he difference betw een  th e  v iru lence  of 
th e  s tra in s  p reserved  in  th e  m ix tu re  a t  4 °C an d  tho se  preserved  a t  20 °C 
(t =  2.16 a t  95%  — dd l =  22) is s ign ifican t, too.

D iscussion

T he v iru lence  of L . monocytogenes varies w ith  th e  w ay and  size o f inoc
u la tion , choice of th e  dissection day  a f te r  inocu la tio n , choice o f th e  te s ted  
organ  [5, 8]. A su b cu tan eo u s in jec tion  in  th e  foodpad  needs a low er dose th a n  
th e  oral ro u te  an d  can  be reproduced . The la t te r  w ay  does no t tak e  in to  ac
coun t th e  passing  of th e  in te s tin a l m ucous m em b ran e . A ccording to  A u d u rie r 
[5] th e  recovery  of L . monocytogenes from  th e  spleen is th e  m ost ad ap ted  m e th 
od to  ev a lu a te  the  v iru lence  and  to  m easure  p recisely  the  le th a l a c tiv ity . 
M oreover, L . monocytogenes serovar 4b c o n s ta n tly  colonized th e  spleen a n d  th e  
ly m p h a tic  ganglions d ra in in g  th e  p o in t of in o cu la tio n  [5, 8]. W h a tev e r th e  
inocu la tion  m ethod  is, th e  infection  develops d u ring  th e  th ree  f irs t day s an d  
decreases from  th e  4 th  d ay  following th e  ap p earan ce  of im m u n ity  p h en o m e
na  [9]. T h u s th e  ev a lu a tio n  of the  v iru lence in  th e  sp leen  a fte r inocu la tion  b y  
a subcu tan eo u s foodpad  in jec tion  seem s to  be th e  m ost reliable m eth o d  to  
s tu d y  th e  ac tio n  of th e  env iro n m en ta l fac to rs  on v iru lence.

The role of th e  te m p e ra tu re  on th e  p a th o g e n ic ity  of L . monocytogenes 
has been a lread y  s tu d ied . L . monocytogenes in jec tions in to  th e  air sac o f ch ick  
em bryos show  v a ria tio n s  in  th e  expression of v iru lence  of s tra in s  in c u b a te d  a t 
4 °C, 20 °C an d  37 °C [10]. The sam e v a ria tio n s  have  b een  observed w ith  som e 
stra in s of L . monocytogenes k ep t for 6 m o n th s on ag a r m edium  a t 4 °C an d  
6 °C [11]. These re su lts  w ould  seem to  be in  close co rre la tion  w ith  th e  seasonal 
peaks of an im al and  h u m an  epidem ics w hich  have  b een  observed in  a u tu m n  
and  w in te r [12].
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THERMAL RESISTANCE OF 
LISTERIA MONOCYTOGENES IN SAUSAGE MEAT

J .  M. F ä r b e r , A. H u g h e s , R . H o l l e y  and B. B r o w n

H ealth and  Welfare Canada H ealth Protection Branch, M icrobiology Research 
D iv is io n , Ottawa, Canada and Jo h n  Labatt Brew ing Company L im ited , 

London, Canada

T he h e a t  re sistan ce  of a  m ix tu re  of 10 d iffe ren t s tra in s  o f Listeria  monocytogenes in o cu 
la te d  in to  g ro u n d  m ea t and  g round  m e a t p lus cure  w as exam ined . D -values fo r g round  m ea t 
ran g ed  fro m  1.01 m in  a t  62 °C to  13.18 m in  a t  56 °C. T he D -values ob ta in ed  fo r g round  m ea t 
p lus cure w ere a p p ro x im ate ly  5—8 fold  tim es h igher th a n  those  fo r g round  m ea t alone. T hese  
re su lts  im p ly  t h a t  ra re  m eats an d  possib ly  som e cooked fe rm en ted  m ea ts  m ay  n o t  be h e a ted  
a d eq u a te ly  to  in a c tiv a te  Listeria.

E v er since th e  o u tb reak  of listeriosis in  M assachusetts in  1983 linked  
ep idem iologically  to  th e  consum ption  of pasteu rized  m ilk  [1], th e  th e rm a l 
resistance  of Listeria  monocytogenes has been in ten siv e ly  stud ied .

M ost of these  studies have been  p erfo rm ed  using m ilk (e ith e r sterile  or 
raw ) or b ro th  as th e  heating  m en s tru u m  an d  have d em o n stra ted  an  in ab ility  
of L . monocytogenes to  survive a p as teu riz in g  h e a t tre a tm e n t [2 -6 ].

H ow ever, resu lts  from  a recen t s tu d y  b y  D oyle e t al. [7] using  m ilk  from  
cows a rtific ia lly  infected  w ith  L . monocytogenes s tra in  Sco tt A, suggested  th a t  
L . monocytogenes m ay  he afforded e x tra  h e a t p ro tec tio n  w hen i t  resides w ith in  
bovine leukocy tes, and  m ay a c tu a lly  su rv ive  a m in im um  R T S T  tre a tm e n t 
(71.7 °C for 16.4 s).

In  c o n tra s t, studies by  B u n n in g  e t al. [8, 9] have showm th a t  th e  in t r a 
cellu lar p o sition  of L . monocytogenes does n o t s ign ifican tly  increase th e  h ea t 
resistance  of th e  organism . I t  is a p p a re n t, how ever, from  m ost of th e  above 
s tud ies th a t  th e  h e a t resistance of th is  o rgan ism  is g rea te r th a n  m an y  v e g e ta 
tiv e  m icrobes an d  th a t  in  su ffic ien t n u m b ers  m ay  be able to  surv ive a m in im al 
H T ST  p a s te u riz a tio n  tre a tm e n t.

In  c o n tra s t to  th e  above s tu d ies  done using  m ain ly  d a iry  iso lates, an d  
raw  or sterile  m ilk  as the  h ea tin g  m en s tru u m , th e re  has been little  d a ta  on th e
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h e a t resistance of L . monocytogenes in m e a t or m ea t p ro d u c ts . The objec t o f the  
p re se n t in v estig a tio n  th u s  was to  s tu d y  th e  th e rm a l resistance of L . mono
cytogenes in m eat.

M aterials and m ethods

T h e  ten  L . monocytogenes m ea t iso lates u sed  in  th is  s tu d y  (seven se ro type  1, th re e  sero
ty p e  4 s tra in s ) were fro m  collections m ain ta in ed  a t  th e  H e a lth  P ro tec tio n  B ran ch  in  O ttaw a. 
E a c h  of th e  10 stra in s  w as su b cu ltu red  (30 °C fo r 24 h) in 5 m l o f try p to n e  soya b ro th  co n ta in in g
0 .6 %  y e a s t e x trac t. T h e  b ro th s  were cen trifuged  an d  th e  pe lle ts resuspended  in  0.01 м p h o s
p h a te  buffered-saline (p H  7). E q u al am o u n ts  (1 m l) o f each cu ltu re  were th e n  m ixed to g e th e r 
an d  ad d ed  to  irrad ia te d  sau sag e  m eat to give a f in a l c o n cen tra tio n  of ap p ro x im ate ly  1.0 X lO 7 
cells/g . M eat was o b ta in e d  fro m  a m ea t p rocesso r in  T o ron to . G round  m ea t consisted  of 66%  
p o rk  an d  33%  beef. G ro u n d  m ea t plus cure c o n ta in ed  in  a d d itio n  to  th e  po rk -b eef m ix tu re , 
ad d ed  sa lt, w hite  p ep p er, n i tr i te ,  dextrose, lac to se , a n d  corn sy ru p . T he m ea t was b lended  fo r 5 
m in  in  an  O ster b lender to  o b ta in  a hom ogeneously  in o cu la ted  m ea t m ix tu re , an d  th e n  p acked  
in to  th ree -p ly  lam in a te  flex ib le  pouches (7.5 X 11.5 cm ) w hich  w ere vaccum  sealed (Sw issvac). 
T h e  pouches were p laced  in to  w ire racks, an d  th e n  tran s fe rre d  in to  a B lue M c o n s tan t te m p e ra 
tu re  b a th . W ater b a th  te m p e ra tu re s  were m o n ito re d  w ith  a K ay e  D ig istrip  4c m o n ito r co n tro l
le r  a tta c h e d  to co p p e r/co n s ta n tan  therm ocouples. T he la t te r  were ca lib ra ted  using  a p la tin u m  
re s is tan ce  tem p era tu re  d e te c to r . In  ad d itio n  to  pouches co n ta in ing  only m ea t, several pouches 
c o n ta in ed  (in ad d itio n  to  m e a t)  a therm ocoup le  p laced  in  th e  geom etric  cen tre  o f th e  p o u ch  for 
m o n ito rin g  the  te m p e ra tu re  profile . T em p era tu res  an d  tim es exam ined  ranged  from  56 CC to  
68 °C an d  to  90 m in , re sp ec tive ly .

To en u m erate  l is te r ia e , th e  pouches w ere opened , th e  co n ten ts  a sep tica lly  tran s fe rre d  
to  a  sto m ach er bag c o n ta in in g  80 ml o f t ry p to se  b ro th , an d  bags th e n  s tom ached  fo r 1 m in. 
Suspensions were su rfa ce -p la ted  (0.2 m l) o n to  try p to se  ag ar p la te s  w hich were in cu b a ted  a t  
25-30  °C for 7 days. T y p ic a l Listeria  colonies (b lu ish  g ray , g round  glass app earan ce) w ere 
se lec ted  fo r co n firm atio n  b y  perform ing th e  h an g in g  drop  m o tility  te s t  (22 °C), b e ta -h aem o y sis  
te s t  on  try p ticase  soy a g a r  w ith  7%  horse b lood  an d  th e  cata lase  te s t.

R esults and d iscussion

The D va lu es  o b ta in ed  for b o th  th e  g round m eat and  g round m ea t p lus 
cure  are show n in  T a b le  I. A lthough  th e re  is no com parab le  d a ta  in  th e  l i te ra 
tu re  on D values fo r Listeria  in  m ea t p ro d u c ts , th e re  are rep o rted  D va lu es  for

T ab le  I

Therm al destruction o f  L . monocytogenes in  ground meat

Temperature
(°C)

Ground Meat* Ground Meat plus Cure**

D value (min) r2 D value (min) r2

56 13.18 0.97 _ _
58 6.39 0.93 50.0 0.96
60 3.12 0.88 16.7 0.95
62 1.01 0.52 7.06 0.98
64 — — 1.28 0.87

* Z value =  4.92 °C
** Z value =  3.5 °C ; cure includes sa lt, n itr ite , dextrose, lactose, and  corn syrup
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Listeria  suspended  or grow n in o th e r ty p es  of food. R ep o rted  D values a t 56 °C 
for tw o L . monocytogenes s tra in s  in cabbage ju ice  (p H  4.6 or 5.6) ranged  from  
2.04 to  6.8 m in  [10], all well below our D 36 <,c value (T able I). D onnelly  and  
Briggs [5], looking  a t  th e  h ea t resistance of L. monocytogenes in  whole m ilk, 
o b ta ined  D e2.7 oc values ran g in g  from  0.35 to  1.0 m in . T he la t te r  figure was 
sim ilar to  th e  one we o b ta in ed  for g round  m eat, b u t 7-fold low er th a n  D values 
o b ta ined  for th e  g round  m ea t plus cure. In  stud ies done w ith  s tra in  S co tt 
A in flu id  m ilk  p ro d u c ts , D 57 8 0c values rang ing  from  3.96 to  6.25 m in w ere 
o b ta ined  [3, 4]. B unn ing  e t al. [8, 9] w ork ing  w ith  free ly  suspended cells or 
Listeria  resid ing  inside m urine  (raw -shole bovine m ilk) or bovine phagocy tes 
(sterile whole m ilk) o b ta ined  D 57 g 0c values rang ing  fro m  5.5 to  8.2 m in. The 
D 57 8 oc values o b ta in ed  in  b o th  these la t te r  studies agrees well w ith  our r e 
su lts w ith  g round  m eat (D 5g 0c =  6.39 m in). The cured m eat, besides con
ta in in g  added  n itr ite , h ad  dextrose, lac tose , corn sy ru p  and  sodium  chloride 
(around 3%  w /v) added . I t  is fa irly  well estab lished  th a t  organism s are m ore 
h ea t re s is tan t in  su b stra te s  con ta in in g  ad d ed  c a rb o h y d ra tes  such as glucose. 
This could be re la ted  to  th e  reduced aw of the  h ea tin g  m en stru u m , to  th e  
solute, or to  b o th . In  a d d itio n  a t least one s tu d y  has show n th a t  a G ram 
positive organism  ( Staphylococcus aureus)  can  have an increased  hea t resistance 
in  th e  presence o f sodium  chloride [11]. I t  is ev iden t from  th e  resu lts o f th is  
s tu d y  th a t  ra re  m ea t (in te rn a l tem p e ra tu re  <7 60 °C), and  possib ly  some cooked 
cured  m eats w ould  p ro b ab ly  n o t receive a su ffic ien t h e a t tre a tm e n t to  in a c ti
v a te  Listeria.
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HEAT RESISTANCE OF LISTERIA  
MONOCYTOGENES

G. S u a r e z  F e r n a n d e z

D epartm ent o f  A n im a l Pathology I ,  Veterinary U niversity , M adrid , S p a in

R aw  m ilk  w as in o cu la ted  w ith  L isteria  monocytogenes a n d  h e a t a t  69 °C to  73 °C. T he 
o rgan ism  w as recovered  fro m  46.6%  of th e  h e a te d  sam ples, b u t  n o t from  sam ples h e a te d  a t  
73 °C, a f te r  v a riab le  pe rio d s a t  re frig e ra tio n  tem p e ra tu re . T h e  resu lts  suggest t h a t  a  low 
n u m b er o f lis te riae  su rv iv e  th erm al tre a tm e n ts ,  b u t  cold e n rich m en t is necessary  to  re p a ir  
th e  th e rm a lly  in ju re d  cells.

T he p rob lem  of the  h ea t re s is tan ce  of L isteria  monocytogenes and  th e  
im p lica tions in  th e  m ilk  p asteu riza tio n  process, s till con tinue to  be an  in te re s t
ing  an d  co n tro v ersia l top ic , despite  m a n y  cred ited  opinions th a t  consider th e  
fac t th a t  L . monocytogenes is n o t ab le  to  su rv ive  a co rrec t p a s teu riza tio n  p ro 
cess, e. g. 71.7 °C fo r 15 s.

T he in v es tig a tio n s  on th e  th e rm o res is tan ce  o f Listeria  began  w ith  th e  
d iscovery  of L . monocytogenes (B ac teriu m  monocytogenes) b y  M urray  e t al. [1].

S everal w orks on the  su b jec t w ere p u b lished  th ro u g h  th e  h is to ry  of 
L . monocytogenes b y  M urray  e t al. [1], Ozgen [2], Seeliger and  L inzenm eyer
[3], P o te l [4], D edie and  Schulze [5], B eam s an d  G irard  [6] an d  D onker- 
-Voet [7]. The used  m ethodology  w as v e ry  heterogeneous, w ith  d ifferen t h ea tin g  
m en stru a , m ethods of h ea tin g  and  s tra in s  and  th e  resu lts  were v e ry  variab le  
b u t, in  general, p o in te d  ou t an  in te re s tin g  sub jec t on th e  therm o resis tan ce  of 
Listeria . N evertheless during  th e  fo llow ing decades, in  th e  1960’s an d  1970’s, 
no sig n ifican t w ork  in  th is  d irec tion  w as p u b lish ed  u n til th e  o u tb reak s  of 
listeriosis in th e  m aritim e  provinces o f C anada in  1981 [8], M assachussetts, 
1983 19] an d  C alifornia, 1985 [10] w ith  176 persons affected an d  60 d ea th s  
in  to ta l .

A bove all, th e  w ork  of F lem ing  e t al. [9] considering  pasteu rized  m ilk  as 
a vehicle o f in fec tio n  in  th e  o u tb re a k  of listeriosis in  M assachussetts (1983) 
a t tra c te d  th e  a t te n tio n  of m any  reserchers to  check th e  denounced possib ility .

W e rev ised  th e  pub lica tions of B rad sh aw  e t al. [11], B unn ing  e t al. [12], 
D onelly  an d  B riggs [13], T erp lan  e t  al. [14], B eckers e t al. [15], B radshaw
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e t al. [16], D om inguez e t al. [17], D o nnelly  e t al. [Iff], F ä rb e r e t al. [19] an d  
F e rn an d ez  G aray zab a l e t al. [20, 21]. P a r t  of th e  resu lts  is show n in  Table I.

A gain th e  tech n iq u es used b y  th e  d iffe ren t au th o rs  offer a w ide v a ria tio n  
in c lu d in g  also th e  h e a t  resistance o f p h ag o cy tized  L . monocytogenes (Table II) . 
C onsequen tly , th e  re p o rts  are very  con flic ting  an d  th e  resu lts  are q u ite  d ifferen t 
h u t  m a n y  of th em  in d ica ted  the  p o ssib ility  of th e  su rv ival of L . monocytogenes 
in  ce rta in  cond itions to  th e  tim e /te m p e ra tu re  values officially accep ted  in  th e  
p as teu riza tio n  process.

O ur w ork w ith  d ifferen t m eth o d s (glass tu b es , cap illary  tu b es , E rlen- 
m ey er flask , sta in less steel serpentines) gave also some d ifferen t resu lts  and , 
co n sequen tly , we used  a m ore d irec t m ethod  try in g  to  s tu d y  th e  su rv iv a l of 
L . monocytogenes in  raw  m ilk tre a te d  in  a p ilo t p la n t pasteu rizer.

M aterials and m ethods

T he p asteu rize r h a d  th e  follow ing ch arac te ris tic s : p la te  h e a t ex ch an g er u n it  “ A PV  
p a ra f lo w ”  ty p e  “ ju n io r”  w ith  a  p rocssing  c ap a c ity  of 100 1/h. T he m ilk was h e a te d  by  w a te r  
a t  80 °C an d  cooled w ith  chilled w a ter a t  1 °C. T h e  p as teu rize r  consisted of fo u r sta in less steel

T ab le  I

Recent investigations and results on the heat resistance o f  L . monocytogenes

A u th o r(s)
T e m p era tu re

(°C) D -value/tim e H e a tin g  m en s tru a c.f.u ./m l M ethods

B eckers e t  al. 
[15]

80 1 m in: sur
v ival

try p to se  b ro th 2.7 X105 
5.3 x lO 3

open te s t  tubes 
w a te r  b a th

D om inguez 
R odriguez 
e t  al. [17]

62.8 low -tem pera
tu re  holding 
process: su r
vival

n a tu ra lly
con tam in a ted  
raw  m ilk

covered glass 
tu b es /w a te r  
b a th

15 s: survival cap illa ry  tubes 
sealed w ith  a 
B unsen  bu rn er

63 D -values 228 s sterile
com m ercial
m ilk

10’ E rlenm eyer f la sk / 
/w a te r  b a th

72.5 1.8 s
72.5 D-values:

S* : 1.9 s 
S**: 1.38 s

sterile
com m ercial
m ilk

10" tw o stainless steel 
serpentines (St 
S 2) w ater b a th

74 S* : 1.59 s 
S**: 1.43 s

108

D onnellv  e t al. 
[18] '

72, 82, 
92

30 m in: su r
vival

sterile  whole 
m ilk 11%
NFM S

5 X 10G open te s t  tu b e s / 
/w a te r  b a th

* Serpentine 1: wall w id th  0.4 m m ; in te rn a l d iam eter 1.0 m m  
** Serpentine 2: w all w id th  0.4 m m ; in te rn a l d iam eter 0.75 m m
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T ab le  I I

Investigations on the heat resistance o f  phagocytized L . monocytogenes

A uthor(s)
T e m p era tu re

(°C) D -va lue /tim e
H ea tin g  m en stru a /p h ag o - 

cy tiz ing  cells M ethods

Donker-Voet 59 15 s: survival n a tu ra lly  co n tam in a ted plate-pasteurizer
P  ] 62.3 15 s: no sur- raw  m ilk

vival 1 — 5 X  105 PM N L /m l
103—105 c .f.u ./m l

B unning e t al. 5 2 .2 -6 8 .8 D „  , о г value raw  whole m ilk /m urine sealed glass tu b e s /
[12] 1.9 s m onocytes /w ater b a th

Doyle e t al. 7 1 .7 -7 3 .9 16.4 s: six of raw  whole m ilk from H TST-plate h e a t
[ 2 2 ] nine trials: listeria-in fected  cows exchanger pas-

survival teurization  u n it

76.4—77.8 15.4 s: no 4.5 X  105 —2.4 X  10e
survival PM N L/m l

5.1 X  105—3.8 X  107 
c .f.u ./m l

hold tu b es (each  1 m  long, in te rn a l d iam e te r  10 m m ) connected  in  series, w ith  connexions o f 
40 cm an d  85 cm to  ad d  to  th e  to ta l  len g th  of th e  hold ing tu be.

The ho ld ing  tim e  efficiency E = 0 .8  is recom m ended  b y  A PV  fo r th is  pasteu rizer w ork ing  
in a regim e of tu rb u len ce  according to  th e  de te rm in ed  R eynolds n u m b e r. In  these conditions 
w ith  E  =  0.8 a m in im um  hold ing  tim e of 15.76 s is ob ta in ed  w ith  an  av erag e  of holding tim e  
of 19.7 s.

R esu lts and d iscussion

In  th is  w ork  raw  m ilk  was in o cu la ted  w ith  d ifferen t in itia l concen tra tions 
of L . monocytogenes an d  h ea ted  a t  te m p e ra tu res  ran g in g  from  69 °C to  73 °C. 
L isteriae  w ere no t iso la ted  from  an y  of th e  m ilk  sam ples im m ed ia te ly  a fte r  
th e rm al tre a tm e n t. T hey  were iso la ted  from  46 .6%  of th e  hea ted  sam ples 
(none from  sam ples h ea ted  a t  73 °C) a fte r variab le  periods a t  refrigeration  
tem p era tu re . T he resu lts  suggest th a t  a low n u m b er of lis te r iae  survive som e 
th e rm a l tre a tm e n ts  b u t a cold en rich m en t is necessary  to  re p a ir  the  th e rm a l 
in ju red  cells and  d e te c t these  organism s in  m ilk. W e m ust em phasize the  im p o r
tance  of th e  iso la tion  tech n iq u e  in  th e  recovery  of lis te riae  from  pasteurized  
m ilk sam ples.

F ina lly , we m u st conclude th a t  a no rm al or co rrect p as teu riza tio n  p ro 
cess is u sua lly  su ffic ien t to  d estro y  Listeria  if th e  n u m b er is n o t over 108 p e r 
ml. This high q u a n ti ty  is a lm ost im possible to  reach  in  ra w  m ilk. Only w hen 
feeding an im als w ith  co n tam in a ted  silage or in  th e  case o f m astitis  produced  
b y  Listeria, w hich is n o t v e ry  freq u en t, can  a risk  ex ist.

In  th is  case th e  re la tio n  tim e /tem p era tu re  of 71.7 °C fo r 15 s is no t su f
fic ien t to  g u aran tee  a correct p asteu riza tio n .
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W e consider th e  techn iques u sed  fo r th e  recovery , re su sc ita tio n , re 
c u p e ra tio n , rev ita liz a tio n , rep a ra tio n , e tc ., o f Listeria  shocked  b y  h e a t as a 
v e ry  im p o rta n t p o in t.

T his p o in t is m ost im p o rta n t n o t o n ly  from a scien tific  p o in t o f view  h u t 
also  in  p rac tice , because  Listeria  can  grow  a fte r repairing  th e  th e rm a l dam age 
a t  re frig e ra tio n  te m p e ra tu re s  (4 °C) w h ich  does no t occur w ith  Salmonella, 
fo r  in stance . T his p ro p e r ty  em phasizes, s till more, th e  rea l in te re s t of the  
su b je c t of h ea t re s is tan ce  of L . monocytogenes.
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HEAT RESISTANCE OF LISTERIA  
MONOCYTOGENES

V é r o n i q u e  L e m a i r e , O .  C e r f  and  A .  A u d u r i e r

M icrobiology Laboratory, F aculty  o f  M ed ic in e , Tours , and I N R A  Food H ygiene  
Laboratory , M a ssy , France

Two m eth o d s were used  to  s tu d y  th e  th e rm a l resistance  of L isteria  monocytogenes. T he 
D 60 oc va lues ran g ed  from  1.3 to  6.5 s in  a  open  vessel. D 72 0c v a ried  fro m  0.06 to 1.5 s an d  z 
from  3.1 to  6.5 К  (38 stra ins) in  cap illa ry  tu b es . T herefore  a conv en tio n al p a s teu riza tio n  process 
o f 15 s a t  72 °C could  assure 10 to  250 decim al red u ctio n s , depend ing  on  th e  s tra in . S ix days 
en rich m en t a t  4 °C in  m ilk p rio r to  in cu b a tio n  a t  37 °C did n o t show  a n y  in fluence  on  m easu red  
h e a t re sistan ce  (4 stra ins). A sig n ifican t d ifference o f th erm al resistan ce  am ong  stra in s  accord ing  
to  th e ir  se ro ty p e  was no ted : s tra in s  belonging to  serogroup 1 w ere m ore h e a t re s is ta n t th a n  
those  belonging to  serogroup 4.

B acterio log ical in v estig a tio n s of d a iry  p roducts h av e  d e m o n s tra te d  the  
presence o f Listeria  monocytogenes in  som e sam ples. T h is o b se rv a tio n  raises 
th e  question  of the  origin o f these  L isteria  : w he ther th e y  w ere p re sen t in  raw  
m ilk  and  w ere n o t destroyed  b y  p as teu riza tio n , or if  th e y  arose th ro u g h  co n ta m 
in a tion  du ring  processing or packag ing , a f te r  h ea t t re a tm e n t. R esu lts  ob
ta in ed  p rev io u sly  were co n tra d ic to ry  a n d  i t  was considered necessary  to  u n 
de rtak e  a s tu d y  to  d e te rm in e  th e  h e a t resistance  ch a rac te ris tic s  of a large 
n u m b er of s tra in s .

M aterials and m ethods

The th e rm a l resistance of 38 s tra in s  w ere de te rm in ed . T hese s tra in s , o f se ro ty p e  1/2 an d  
4, were iso la ted  from  dairy  p ro d u c ts , en v iro n m en ta l sam ples or c lin ical specim ens. T h ey  w ere 
selected a f te r  phag e-ty p in g  th e  re su lts  of w hich  suggested  th a t  th e y  w ere p ro b a b ly  u n re la te d  
stra in s . Two m ethods of tes tin g  w ere used in  o rd er to  s tu d y  a wide te m p e ra tu re  range.

T he f i r s t  m eth o d  was c o n d u c ted  in  a double-w alled  flask . T h e  b ro th  in  th e  in n er vessel 
w as h ea ted  to  th e  requ ired  te m p e ra tu re  b y  c ircu la tin g  w a te r in  th e  o u te r  p a r t .  T he te m p e ra 
tu re  o f th e  b ro th  was contro lled  by  a therm o co u p le  a n d  m ade hom ogeneous b y  using  a  m ag n e tic  
s tirre r. A t th e  tim e  t  =  0, th e  b a c te r ia l  cu ltu re  w as ad ded  to  th e  b ro th . Sam ples w ere  ta k e n  
an d  qu ickly  cooled a t  in te rv a ls  d e te rm in ed  by  th e  tem pera tu re ,"from  55 to  64 °G .They w ere th e n  
cu ltu red  on T ry p to se  agar and  b a c te r ia l  co u n ts  p e rfo rm ed  a fte r  48 h  a t  37 °C. T he co u n ts  of
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su rv iv in g  b ac teria  gav e  su rv iv a l curves w hich  allow ed th e  d e te rm in a tio n  of th e rm al re d u c tio n  
tim e s  (D) given by  th e  in v erse  o f th e  slope. D is th e  tim e  n ecessary  to  reduce  th e  su rv iv in g  
p o p u la tio n  by  a fa c to r  o f  10. P lo ttin g  D versus te m p e ra tu re  fo r each  s tra in  gave th e  z v a lu e  
as th e  inverse o f th e  slope. B o th  D an d  z va lues a re  necessary  to  d e te rm in e  th e  th e rm al re s is
ta n c e  of a stra in . I t  is possib le  to  e x tra p o la te  th e  D va lues to  72 °C b y  considering  th e  curve as a 
s tra ig h t line up  to  72 °C.

T he second m eth o d  p e rm itte d  th e  s tu d y  of h igher te m p e ra tu re s  u p  to  72 °C. B acteria l 
cu ltu res  in litm u s m ilk  w ere  sealed in  25 ,«1 cap illa ry  tu b es . N ine  tu b es  w ere d ipped  in  a  w a te r- 
b a th  for each s tu d ied  te m p e ra tu re . T hey  w ere rem o v ed  a n d  q u ick ly  coo led  a t  in te rv a ls  d e te r 
m ined  by th e  te m p e ra tu re . T h ey  w ere th e n  le f t fo r 48 h  a t  37 °C befo re  be ing  read : th e  p resence 
o f liv ing  listeriae  w as rev ea led  b y  th e  d eco lo ratio n  of th e  m edium . Signs +  or — according to  
th e  resu lt of th e  c u ltu re  w ere p lo tte d  a  g ra p h  of log10 (tim e) v e rsu s tem p era tu re . Two 
p a ra lle l lines w ere th e n  d raw n , one above w hich  th e re  w ere on ly  — signs, and;} lie o th e r u n d e r  
w h ich  th ere  were o n ly  +  signs. A th ird  p a ra lle l line  d raw n  b e tw een  th ese  lines p e rm itte d  
d e te rm in a tio n  of th e  z v a lu e  as th e  inverse  o f th e  slope. T he D v a lu es cou ld  be de te rm in ed  a t  
each  tem p era tu re  b y  a n  e q u a tio n  based  on  th e  h e a tin g -tim e  an d  th e  in it ia l  inocu lum .

R esu lts and d iscussion

The D fi0 oC va lu es  o b ta ined  by  th e  f irs t m eth o d  ran g e d  from  1.3 to  6.5 
m in. The m ed ian  va lu e  was 2.3 m in. T he z va lues ran g ed  from  4.5 to  5.8 К  
(T able I). The D 72 »c values o b ta in ed  b y  th e  second m e th o d  ranged  from  
0.02 to  1.54 s. T he m ed ian  value w as 0.80 s fo r th e  s tra in s  o f  serogroup 1 a n d  
0.08 s for serogroup  4. T he general m ed ian  w as 0.10 s. T he z values ran g ed  
from  3.1 to  6.5 K . (Tables I I  and  I I I ,  F ig. 1).

Table I

z and D„ Ooc values obtained by the f la s k  method

S tra in  origin z (K elv in) D .o  oC (m in)

Serogroup 1

Cheese 5.3 3.2
Cheese 4.8 2.2
E n v iro n m en t 5.1 1.3
E n v iro n m en t 5.2 3.8
M eat 5.6 6.5
Pathological 5.8 2.3

Serogroup 4

Cheese 5.2 2.9
Cheese 4.6 2.0
Cheese 4.7 2.1
Cheese 5.3 3.8
Pathological 4.5 2.7
S co tt 4.6 1.6
U nknow n 4.5 1.5

M edian Ь>бо°С value, 2.3 m in
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Table II

z  a n d  B 72oC v a l u e s  o b t a i n e d  b y  t h e  c a p i l l a r y  t u b e  m e t h o d

S tra in  origin z (K elvin) ^72 OC (S)

S erogroup  1

C heese 5.1 0.90
C heese 4.8 0.12
C heese 6.5 1.41
Cheese 3.4 0.06
Cheese 3.5 0.07
Cheese 6.0 1.08
Cheese 5.6 0.99
C heese 5.3 0.92
Cheese 4.1 0.17
C heese 5.3 0.86
C heese 3.4 0.07
R a w  m ilk 3.4 0.06
R a w  m ilk 4.2 0.10
R a w  m ilk 3.7 0.05
E n v iro n m e n t 6.0 1.09
M ea t 5.5 1.54
P a th o lo g ic a l 6.4 1.41
U n k n o w n 6.3 0.74

M edian D 72 oc v a lu e , 0.80 s

T he f irs t m e th o d  did no t p e rm it stud ies a t  h igh  tem p era tu res  because 
th e  sam pling  tim e  w as too  long w ith  reg ard  to  th e  D values a t  te m p e ra tu re s  
h igher th a n  64 °C. I t  was possible to  e x trap o la te  u p  to  72 °C b u t  th e  v a lu es  
o b ta in ed  were th e n  app rox im ate  an d  needed con firm ation .

T he second m eth o d , an  en d -p o in t techn ique  could  be used to  reach  h igh  
te m p e ra tu re s  because th e  su rv ival cu rves o b ta in ed  b y  th e  f irs t m e th o d  w ere 
s tra ig h t lines. T he cu ltu re  in  cap illa ry  tu b es w hich w ere n o t opened a fte r  h e a t

F i g .  1 .  D 72„c v a lu e s  o b ta in e d  f ro m  b o th  m e th o d s

14* Acta Microbiologica Hungarica 36, 1989



2 8 4 LE M A IR E e t a l.

Table III

z and D 720C values obtained by the capillary tube method

S tra in  origin z (K elv in ) D72 oC (s)

S e ro g ro u p  4

C heese 4.8 0.02
C heese 3.9 0 .10
C heese 5.7 0 .10
C heese 4.1 0.32
C heese 4.8 0.24
C heese 3.4 0.02
C heese 3.7 0.07
C heese 3.7 0.08
C heese 3.8 0.10
R a w  m ilk 3.1 0.02
R a w  m ilk 3.8 0.07
D a iry  p ro d u c t 4.5 1.35
D a iry  p ro d u c t 3.4 0.06
D a iry  p ro d u c t 3.8 0.08
E n v iro n m e n t 4.8 0.19
P a th o lo g ic a l 3.8 0.09
S c o t t 3.1 0.02
V a cc in e 4.3 0.13
U n k n o w n 3.6 0.07

M edian D 72° c v a lu e , 0.08 s

t r e a tm e n t  avo ided  th e  risk  of c o n tam in a tio n . T he requ ired  te m p e ra tu re  could 
he reach ed  q u ick ly  in th e  cap illa ry  tu b e s  an d  th u s  reproduced  th e  h ea ting  
co n d itio n s  of an  in d u s tr ia l  h ea t ex ch an g er. T he m edium  used w as m ilk. T hus 
th e  second m eth o d  w as qu ite  sim ilar to  n o rm a l p a s teu riza tio n .

O ur re su lts  a re  d iffe ren t from  th o se  o b ta in ed  p rev iously  fo r th e  Sco tt 
s tra in . T his s tra in  w as one of th e  m ost sensitive  in  our s tu d y . W e left four 
s tra in s  a t  4 °C a f te r  h e a t processing d u rin g  six days and  we could  no t de tec t 
a n y  difference in  th e  D and  z values. T h is fin d in g  disagrees w ith  p rev ious r e 
su lts . The d ifference o f th e rm a l res is tan ce  o f th e  serogroup 1 an d  4 s tra in s  is 
im p o r ta n t as m o st o f th e  s tra in s  iso la ted  from  d a iry  p ro d u c ts  are  o f sero
g ro u p  1.

T re a tm e n t a t  72 °C for 15 s re su lte d  in  over 10 decim al reduc tions o f 
37 o f  th e  38 s tra in s  s tu d ie d . A recen t s tu d y  o f  th e  th e rm a l resistance  of Listeria  
w ith in  leukocy tes d id  n o t show in c reased  D values. P a s te u riz a tio n  can be 
consodered  an  e ffic ien t m eans of e lim in a tin g  all Listeria  p re sen t in  raw  m ilk 
a n d  does no t re p re se n t a g rea t risk  in  th e  d a iry  p roduc ts processing.
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6. Taxonom y and  D iagnostic  M ethods

SPECIES OF THE GENUS LISTERIA

J o c e l y n e  R o c o u r t

U nit o f  Bacterial Ecology , In stitu te  Pasteur, P aris , France

The m ain  purpose of ta x o n o m y  is to  d istinguish  one organism  from  
an o th e r, p ro v id in g  id e n tific a tio n  c rite r ia  based  on a co m bina tion  of d a ta  o b 
ta in e d  b y  v a rious m ethods. T he species, th e  basic u n it o f classification , is a 
group o f closely re la ted  organism s sh a rin g  a given set o f p ro p erties . A s a 
science, b a c te r ia l tax o n o m y  is evo lv ing  accord ing  to  th e  in tro d u c tio n  of new  
m ethodologies. W ith  th e  developm en ts o f num erical tax o n o m y , chem otaxon- 
om y, D N A /D N A - and  D N A /R N A  h y b rid iza tio n s , and  m ore recen tly  tho se  
of ribosom al R N A  sequencing, a b e tte r  u n d ers tan d in g  o f  th e  phy logenetic  
a rran g em en t of th e  b ac te ria l w orld  is em erg ing . A more precise defin ition  o f a 
b a c te r ia l species w as recen tly  p roposed  b y  th e  “ Ad H oc C om m ittee on R e 
concilia tion  of A pproaches to  B ac te ria l S y stem atic s” [1]: “ T he phy logenetic  
d efin itio n  of species generally  w ould  inc lude  stra in s w ith  a p p ro x im a te ly  70%  
or g rea te r  D N A -D N A  re la tedness an d  w ith  5 °C or less d e lta  T m . B o th  va lu es  
m u st be considered . P h eno typ ic  ch a rac te ris tic s  should agree w ith  th is  d e fin i
tio n . N om encla tu re  should re flec t genom ic re lationsh ips to  th e  g rea te s t 
e x te n t possib le .”  The recogn ition  of D N A  relatedness d a ta  as a p re req u is ite  
for th e  d escrip tion  of a new species allows fo r th e  firs t tim e  an  accu ra te  delim - 
in a tio n  of th e  b ac te ria l species.

Listeria  monocytogenes and genom ically related species

D N A /D N A  h y b rid iza tio n  e x p e rim e n ts  perform ed by S tu a r t  and  W elshi- 
m er [2] in  1973 a lread y  suggested  th a t  th e  species L . monocytogenes w as geno
m ically  heterogeneous. More recen tly , D N A  hom ology stud ies u n d e rta k e n  w ith  
66 s tra in s  o f L . monocytogenes as defined  in  th e  8 th  ed itio n  o f th e  B ergey ’s 
M anual o f D e te rm in a tiv e  B ac te rio logy  rev ea led  th a t  th is  species covered in  
fa c t five groups of stra ins, w ith  D N A  hom ology  values below  58%  b e tw een  
th em . W ith in  each genom ic g roup , D N A  reassocia tion  percen tages were com -

J o c e l y n e  R o c o u r t
I n s t i tu t  P a s te u r ,  U n ité  d ’Ecologie B ac térien n e  
25 ru e  d u  D r. R o u x , 75724 P a r is  Cedex 15, F ra n ce
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p rised  betw een  63/70 a n d  100% , w ith  d e lta  T m  values below  6 °C, th u s  in d ic a t
in g  th a t  these genom ic g roups rep resen t d is tin c t b a c te ria l species [3]. T hese 
fiv e  genom ic groups co rrespond  to  L . monocytogenes ( ty p e  species), L . ivanovii
[4], L . innocua  [5], L . welshim eri and  L . seeligeri [6].

The phene tic  rea ltio n sh ip s  betw een  th e se  species as described  in  a recen t 
num erica l taxonom ic  s tu d y  rem ain  still u n c lea r  [7]. A few  m arkers are su itab le  
to  id en tify  these  species: C A M P-test w ith  Staphylococcus aureus (or s p o n ta 
neous haem olysis on sheep  or horse b lood  agar) and  w ith  Rhodococcus equi, 
an d  acid p ro d u c tio n  from  D -xylose, L -rham nose , an d  a lp h a-m eth y l-D -m an - 
noside [8]. C hem otaxonom ic p roperties u n d erlin e  th e  close genom ic re la tedness 
be tw een  these species: f a t ty  acids com position  (w hen d eterm ined ), s tru c tu re  
o f lipotechoic acids, as w ell as w hole-cell p ro te in s  e lec trophoregram s are sim i
la r  [7, 9, 10]; d iffe ren t te ichoic  acids h av e  been  described , whose occurrence 
seem s to  be m ore co rre la ted  to  th e  se ro v ar th a n  to  th e  species [9]. To d a te , 
isoenzym es p a tte rn s  a re  th e  m ost a p p ro p ria te  chem otaxonom ic  m ark e r to  
c learly  d istingu ish  th e se  five  species [11].

L isteria  grayi and L isteria  m urrayi

On th e  basis o f 7 0%  D N A  hom ology fo u n d  betw een  L . grayi and  L . m u r
rayi (respectively  described  in  1966 an d  1973 [12, 13]), S tu a r t  and  W elsh im er
[14] proposed to  consider th em  as a single species w ith  tw o  biovars (p h en o ty p - 
ica lly , L . grayi d iffers from  L . m urrayi on ly  b y  its  in a b ility  to  reduce n itra te s ) . 
T h is proposal has n e v e r been  officially v a lid a ted .

L . grayi an d  L . m urrayi m ain ly  d iverge from  L. monocytogenes an d  geno- 
m ica lly  re la ted  species b y  some p h en o ty p ic  ch a rac te ris tic s : n itra te  red u c tio n , 
acid p ro d u c tio n  from  m an n ito l, lack o f phospham idase  and  acid p h o sp h a tase , 
in a b ility  to  grow  on try p a fla v in e  m ed ium . These tw o  species share th e  sam e 
an tigen ic  s tru c tu re  w h ich  d istinguishes th e m  from  th e  o th e r  Listeria. C hem o
taxonom ic  stud ies p o in te d  ou t slight d ifferences in  th e  G -|-C  DNA c o n te n t, 
n a tu re  of th e  s u b s t i tu t io n  of lipo teichoic  acids, an d  e lec trophoregram s of 
w hole-cell p ro te in s  b e tw een  L. grayi an d  L . m urrayi on th e  one h and  an d  th e  
rem ain ing  Listeria  species on the  o th e r [2, 10, 14, 15]. N um erical tax o n o m ic  
resu lts  showed L . grayi and  L. m urrayi to  fo rm  a c lu ste r d is tin c t from  th o se  
group ing  th e  o th e r  L isteria  s tra in s a t  s im ila rity  values from  81 to  87%  [14, 
16 -1 8 ], th u s  le ad in g  to  th e  conclusion th a t  these  tw o  species belong to  th is  
genus. On th e  basis o f low  DNA hom ology percen tages found  betw een  these  
tw o  species an d  th e  o th e r  Listeria  s tra in s  te s ted , S tu a r t  and  W elshim er [14] 
proposed  in  1974 to  a llocate  th em  to  a new  genus “  M u rra ya ” , b u t th is  p ro p o sa l 
rem ained  u n v a lid a te d . T he possib ility  to  rev ive  th e  genus “ M urraya”  req u ired  
a m ore precise e v a lu a tio n  of th e  genom ic d istance  b e tw een  these tw o g roups of 
species. The 16S rR N A  p a r tia l  sequence of L . m urrayi w as therefo re  d e te rm in ed
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and  com pared  to  th a t  of L . monocytogenes. T he h igh  s im ila rity  coefficient found  
betw een  these  tw o  m icroorganism s (SAB v a lu e  =  0.72), jo in t  to  th e  lack  of 
im p o rta n t p h en e tic  d ifferences betw een  th e m  as m en tioned  above, p rov ided  
no su p p o rt fo r th e  exclusion of these  species from  th e  genus Listeria. Conse
quen tly , L . m urrayi and  L . grayi should  he p re sen tly  considered  m em bers o f 
the  genus Listeria  [19].

Jonesia  (L isteria)  denitrificans

L. denitrificans  is a species c o n s titu te d  b y  a single s tra in  w hich was 
described in  1948 [20]. N um erous stud ies p o in ted  ou t im p o r ta n t d iscordances 
betw een th is  species an d  th e  o th e r m em bers o f th e  genus L isteria , in d ica tin g  
th a t  th is  species was m isclassified: num erica l phen e tic  s tud ies showed low 
sim ilarity  coefficien ts; th e  G-)-C D N A  co n ten t o f L . denitrificans  is s ig n ifican tly  
h igher th a n  th o se  of L isteria ;  cell-w all com ponen ts, m enaqu inone, fa t ty  acids 
and  po la r lip ids com position  as well as p ro te in s  e lec trophoreg ram s, are d is tin c t 
[2, 7, 15, 16, 21, 22]. Low D N A  hom ology va lu es  fo rm erly  found  betw een  
L . monocytogenes an d  L . denitrificans  [2] w ere fu r th e r  in v es tig a ted  using th e  
16S rR N A  ca ta logu ing  ap p ro ach . W hile L. monocytogenes belong  to  th e  Bacillus  
- Clostridium  subdiv ision  of G ram -positive b ac te ria , re su lts  unam biguously  
a llocated  L . denitrificans  to  one of th e  several subb ran ch es of th e  coryneform  
b ac te ria -ac tin o m y cetes  subdiv ision , defined b y  Actinom yces, Arthrobacter, 
Micrococcus, Cellulomonas, Stomatococcus, Promicromonospora  an d  allied ta x a . 
The low SA B -values found  betw een  L. denitrificans  and  these  genera, associated  
to  im p o rta n t differences in  chem otaxonom ic p roperties, in fered  th a t  th is  
species should  be excluded  from  th e  genus L isteria  an d  tran sfe rred  to  a new  
genus, nam ed  Jonesia , as Jonesia  denitrificans  [23].

I t  m ay  be concluded th a t  th e  genom ic d issection  of th e  genus Listeria, 
as evidenced b y  D N A  h y b rid iza tio n  and  16S rR N A  ca ta logu ing  resu lts, — a l
lowed to  exclude L . denitrificans  from  th is  genus, and  to  tra n s fe r  it to  a new  
genus of th e  co ryneform  bac te ria -ac tin o m y ce tes  subd iv ision , as J . d en itr ifi
cans; — d em o n stra ted  th a t  th e  genus Listeria  com prises tw o  d is tin c t lines of 
descent: one co n ta in s L . monocytogenes an d  genom ically  re la te d  species, th e  
o ther is com posed of L . grayi an d  L. m urrayi.
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DIFFERENTATION OF LISTERIA  AND 
STREPTOCOCCUS STRAINS

Á g n e s  H e r e n d i  an d  B. R a l o v i c h

N ational In s titu te  o f  H ygiene , B u d a p est, and In stitu te  o f  Public Health and  
E pidem iology, U niversity  M edical School, Pécs, H ungary

C o lo n ia l m o rp h o lo g y  o f  n o n -b e ta  h a e m o ly tic  Listeria  s t r a in s  is  f r e q u e n t ly  s im ila r  to  
t h a t  o f  n o n -h a e m o ly t ic  s tre p to c o c c i. B io c h e m ic a l c h a ra c te r is tic s ,  m o ti l i ty ,  h a e m o ly s is  o n  o x  
b lo o d  a g a r ,  g ro w th  o n  C lau b e rg , se le c tiv e  s t re p to c o c c u s  (S i) a n d  M itis -S a liv a r iu s  a g a r  m e d i
u m , C A M P te s t ,  se ro lo g ic a l b e h a v io u r  o f  16 Listeria  s t r a in s  w e re  s tu d ie d  a n d  th e  r e s u l ts  w ere  
c o m p a re d  w ith  th e  p ro p e r t ie s  o f  Streptococcus s t r a in s .  M ic ro sc o p ic  m o rp h o lo g y , m o ti l i ty  a n d  
c a ta la s e  a c t iv i ty  a r e  u se fu l  fo r d is t in g u ish in g  th e s e  s t r a in s .  T o  a v o id  a  fa lse  d iag n o s is , la te x -  
a g g lu t in a t io n  sh o u ld  b e  s u p p le m e n te d  w i th  t h e  a b o v e  t e s ts .

D iffe ren tia tio n  am ong Listeria  an d  Streptococcus species som etim es re 
quires m ore a t te n tio n  as h aem oly tic  an d  no n -h aem o ly tic  Listeria  s tra in s  fu r 
th e r  haem oly tic  a n d  non-haem oly tic  Streptococcus s tra in s  m ay  show  sim ilar 
colonial m orpho logy  on d ifferent m ed ia . S im ilarities o f biological an d  b iochem 
ical p roperties as w ell as an tigen ic  c ro ss-reac tiv ity  can lead  to  m isiden tifica- 
tio n  an d  on th e  basis  of th a t  to  in a p p ro p ria te  th e ra p y . Therefore, it  has been 
decided  to  s tu d y  w h a t k ind  of c h a ra c te rs  can  be used  for th e  id e n tific a tio n  of 
th ese  s tra in s  on th e  sim pliest w ay.

M aterials and  m ethods

B io ch e m ic a l p ro p e r t ie s  se t o u t  in  T a b le  I I ,  a n d  h a e m o ly s is  o n  b lo o d  a g a r  c o n ta in in g  o x  
o r sh e e p  re d  b lo o d  ce lls , g ro w th  o n  C la u b e rg - , S e le c tiv e  S tre p to c o c c u s  (Si)- a n d  M itis -S a li
v a r iu s  a g a r  m e d ia , C A M P -te s t,  la te x  a g g lu t in a t io n  (W ellc o m e), L a n c e f ie ld  p re c ip ita t io n ,  m o ti l 
i t y  a n d  v iru le n c e  o f  16 Listeria  s tra in s  w e re  s tu d ie d  a n d  th e  r e s u l ts  w e re  c o m p a re d  w ith  th o s e  
o f 182 Streptococcus bovis a n d  137 Streptococcus fa ec iu m  s t r a in s .

Listeria  s t r a in s  e x a m in e d  a re  l is te d  in  T a b le  I .  S . bovis a n d  S . fa ec iu m  s t r a in s  w ere  
iso la te d  f ro m  c lin ic a l sa m p le s  in  th e  N a t io n a l  I n s t i t u t e  o f H y g ie n e .

S ta n d a r d  m e th o d s  w ere  u se d  to  d e te rm in e  c u ltu r a l ,  b io lo g ic a l a n d  b io c h e m ic a l c h a ra c 
te r s  o f  th e  s t r a in s  [1 - 4 ] .  S ero lo g ica l p ro p e r t ie s  o f  Listeria  a n d  Streptococcus s t r a in s  w ere  s tu d ie d

A g n e s  H e r e n d i
N a tio n a l  I n s t i tu te  o f  H y g ien e
G yáli ú t  2 — 6, H -1966 B u d a p e s t,  H u n g ary

B é l a  R a l o v ic h
H u n g a r ia n  M eat R e se a rc h  I n s t i tu te  
H -1453 B u d a p e s t, P .O .B . 17, H u n g a ry
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w ith  S t r e p te x  (W ellc o m e), L a n c e f ie ld  p r e c ip i t a t io n  u s in g  o u r  o w n  a n d  S e v a c  (P ra g u e ,  
C z e c h o s lo v a k ia )  [5] g ro u p in g  se ra  a n d  o u r  o w n  Listeria  im m u n o se ra .

M o rp h o lo g y  o f  b a c te r i a  w as e x a m in e d  w i th  e le c tro n  m ic ro sc o p e  (T y p e  J E M  100 C) 
o n  c o p p e r  g r id  w ith  c a rb o n  m e m b ra n e  a f te r  n e g a t iv e  s ta in  w i th  2 %  p h o s p h o tu n g s t ic  ac id .

R esults an d  discussion

Colonial morphology of n o n -h aem o ly tic  or ha.em olytic L isteria  s tra in s  is 
som etim es sim ilar to  th a t  of n o n -h aem o ly tic  or h aem oly tic  Streptococcus 
s tra in s  n o t only no b lood  agar b u t  on M itis-S alivarius agar, Selective S tre p to 
coccus agar an d  C lauberg  m edium , too . M itis-Salivarius agar in h ib ite d  th e  
g ro w th  of Listeria ivanovii ty p e  s tra in  (non-m otile).

Beta-haem olytic property  on sheep or horse blood agar is a v e ry  im p o rta n t 
m a rk e r  of v iru lence of Listeria  s tra in s . O x blood should  n o t be u sed  as a su b 
s t i tu te  to  sheep or horse red  b lood  cells, because 3 ou t o f 5 L isteria  s tra in s 
show ed  b e ta-haem olysis  an d  th e  o th e r tw o  caused in te rm ed ia te  — betw een  
a lfa  a n d  b e ta  — haem olysis on ox b lood agar. These 5 s tra in s  show ed no haem o
lysis  or w eak alfa-haem olysis on sheep  blood agar. V irulence of these  5 
s tra in s  w as checked in  eyes of guinea pigs and  in mice an d  th e  resu lts  were 
in  accordance w ith  th e  ty p e  of haem olysis observed on blood ag a r co n ta in in g  
sheep  red  cells.

Table I

L ist o f  16 L isteria  strains tested

D e sig n a tio n Species S ero v ar R em ark s A b b rev ia tio n

4067 L . seeligeri ? (N o. 5031)* S. ?

4068 Listeria sp 1830 (N o. 5180)* sp . 1830

4069 L. monocytogenes l /2 b (N o . 5467)* m . l /2 b

4070 L. seeligeri l /2 b (N o. 5475)* s. l /2 b

4071 L . seeligeri l /2 b (N o. 5559)* s. l /2 b

4072 L . seeligeri l /2 b (N o. 5575)* s. l /2 b

4073 L . seeligeri 6 b (N o. 5606)* s. 6b

4074 L . seeligeri 6b (N o. 5626)* s. 6b

4075 L . seeligeri l /2 b  — 1830 (N o. 5628)* s. 1 /2 - 1 8 3 0

4076 Listeria sp. l /2 b (N o. 5797)* sp . l /2 b

4535 L . ivanovii 5 (O w n iso la te ) iv . 5

N o . 10 L . innocua 4ab (O w n iso la te ) in . 4ab

1830 L . ivelshimeri 1830 (O w n iso la te ) w . 1830

G 44 L. m urrayi (G 44 ty p e  s tra in ) m u . G44

C644 L. innocua 6a (N C TC  10889) in . 6a

L m 5 L . ivanovii 5 ( ty p e  s t r a in  n o n -m o tile ) iv . 5nm

Note. S tra in s  m a rk e d  w ith  a s te r ik s  w ere  s e n t  b y  P ro fesso r A . L .  C o u r t i e u ’s  (N a n te s , 
F ra n c e )  c o lle c tio n . T h ey  w ere  id e n t i f ie d  as L . seeligeri s tra in s . T h e  ty p e  s tra in s  
o r ig in a te d  f ro m  P ro fesso r H . P . R . S e e l i g e r  (W ü rz b u rg , F R G )
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F ig. 1. E lec tro n  m icroscopic p ic tu re  o f S . pyogenes (group A , N o. 80153) w ith  e longated  cocco
bacilius-like form

Listeria  and  Streptococcus cells are G ram -positive . The fo rm er have rod- 
shape w ith  ro u n d ed  ends or coccoid form s and  can  occur sing ly  or in  sho rt 
chains. The la tte rs  are  u su a lly  spherica l or e longated  in  shape  an d  a rranged  in  
chains or pairs. Som e species h av e  sh o rt rod  form , o th e rs  a p p ea r to  be h ighly  
p leom orphic. T herefore, on ly  on th e  basis of G ram  s ta in  som etim es i t  is d iffi
c u lt to  give a co rrec t opinion. I n  case of our s tra in s  we h a d  no diagnostic  
problem s. E lec tro n  m icroscopic p ic tu re  of these germ s ra re ly  causes d ifficu lty . 
F igure  1 shows a p a ir  of Streptococcus hav ing  e lo n g a ted  coccobacillus-like 
shape.

C atalase a c tiv ity  is an  im p o r ta n t fea tu re  fo r th e  diagnosis b u t i t  is 
necessary  to  m en tio n  th a t  th e re  are  d a ta  ab o u t strep to co cc i show ing catalase 
or p seudo-catalase a c tiv ity  an d  also abou t ca ta lase-n eg a tiv e  non-haem oly tic  
Listeria  s tra in s. A m ong our 16 L isteria  s tra in s 1 p ro v ed  to  be ca ta lase-negative .

M otility  is a ch a ra c te r  w hich can n o t be used alone fo r th e  diagnosis 
because Streptococcus s tra in s  belonging  to  group D m ay  also h av e  flagella and  
one non-m otile  L . ivanovii s tra in  has been recognized, too . E xam ples can be 
seen in  Figs 2 an d  3.

M issing a rg in ine  hydro lysis is ch a rac te ris tic  fo r Listeria  s tra in s  because 
positive reaction  am ong  th em  h av e  n o t been observed  y e t. H ow ever, i t  is nec
essary  to  keep in  m in d  th a t  som e of Streptococcus species c an n o t hydrolyse 
arg in ine, too . Such resu lts  can  be found  in Table I I .

As to  acid p ro d u c tio n  from  ca rb o h y d ra tes  L isteria  spp . a lm ost never 
p roduce acid from  D -arabinose an d  positive reac tio n  in d ica tes  a Streptococcus. 
In  th e  case of m a n n ito l Listeria  grayi and  Listeria m urrayi s tra in s  give positive
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Fig. 2. E le c tro n m ic ro g rap h  of non-m otile  L . ivanovii s tra in
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Fig. 3. E lec tro n  m icroscopic p ic tu re  o f m otile S . fa ec iu m  (g roup  D , N o. 128)
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Table II

Biological and biochemical properties o f  L isteria  and Streptococcus strains

Strains
Properties

Number of
L isteria  spp 

16
S . bovis 

182
S . fa ec iu m  

137

G ram  sta in + + +
^-haem olysis* 7 0 0

a-haem olysis* 9 182 50

C atalase ac tiv ity 15 0 0

M otility 15 0 35

H ydrolysis of
arginine 0 0 137
esculin 16 182 137

Acid p roduction  from
D-arabinose 0 70 137
glycerol 13 53 0

i-inositol 0 0 0
lactose 9 182 137
m altose 16 182 137
m annito l 1 0 137
raffinose 0 53 0
D-salicin 16 182 137
D-sorbitol 0 36 0
sucrose 5 182 137
D-trehalose 16 182 137
D-xylose** 6
L-rhamnose** 4

*  H aem olysis w as tes ted  on blood agar con tain ing  ox red  blood cells 
** These m edia were supplem ented  w ith  ra b b it serum  
. n o t tes ted

resu lts  as well as som e Streptococcus species. T he o th e r L isteria  species are  
m an n ito l nega tive .

All s tra in s  w ere exam ined  w ith  S tre p te x  te s t . T he resu lts  are show n in  
Table I I I .  T here w ere 6 of th e  16 Listeria  s tra in s  g iv ing  c ross-reaction  w ith  one 
or m ore S tre p te x  reagen ts. As to  th e  ap p earan ce  of th e  po sitiv e  reactions no 
ru le has been observed  y e t. All S. bovis an d  S . fa ec iu m  s tra in s  ag g lu tin a ted  
ty p ica lly  only in  S tre p te x  D reagen ts.

L ancefield  ex trac tio n s  of th e  16 Listeria  s tra in s  w ere te s te d  w ith  s tre p to 
coccus g rouping  sera A —V an d  vice versa  (Tables IV , V). T he n u m b er of cross
reactions was less. T here  w as no p re c ip ita tio n  w ith  th e  g roup  В serum  in  
co n tra s t to  th e  la te x  a g g lu tin a tio n . O ur own a n d  th e  com m ercial sera gave th e  
sam e resu lts . T here  w as no re la tio n sh ip  b e tw een  v iru lence  or b e ta -h aem o ly tic  
ab ility  an d  ca p a b ility  causing  cross-p rec ip ita tio n  of Listeria  s tra in s .
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Table II I

Latex agglutination o f  the 16 L isteria strains

A b b re v ia tio n  an d  d esig n a tio n  o f s tra in s

S trep  tex S. w . Ш. s. 8. s. in . in. iv . iv. s. sp . 8. 1 /2 — sp . 8.
6b 1830 1 /2Ь l/2 b l/2 b G44 6b 6 a 4ab 5 5nm ? 1830 1830 l/2 b l/2 b

4073 1830 4069 4070 4071 4074 C644 N o. 10 4535 L ra 5 4067 4068 4075 4076 4072

A
В
C
D
F
G

- +

+
+
+

1 
1 

1 
1 

1 
+ 1 

1 
1 

+
 +

 
1

+

1 
+

 +
 

1 
+

 +

- - - — -

-

-

-

-

+

Table IV

Precipitation o f  Listeria Lancefield extracts with Streptococcus grouping sera

A b b re v ia tio n  an d  d esig n a tio n  o f s tra in s
b e ra  lo r 

Streptococcus 
serogroups

s.
4073

w.
1830
1830

8.
1 /2b  
4069

m .
l/2 b
4070

s.
1 /2b  
4071

m u.
G44

s.
6b

4074

in.
6a

C644

in. 
4ab 

N o. 10

iv .
5

4535

iv.
5 nm  
L ra 5

s.
?

4067

sp.
1830
4068

s. 1/2—  
1830 
4075

sp .
l /2 b
4076

8.
l /2 b
4072

A — — — — — — — — _ — — _ _ _ _ _
В — — — — — — — — — — — — — — — —

C — — — + + — — — — — — — — — — —

D — + — — — — — — — — — — — — — —

F — + — — — + — — — — — — — — — —

G — + + — — — — — — — — — — — — +
H - V — — — — — — — — — — — — — — — —

V i r u l e n c e — — + — — — — — — + ± — — — — —

B e t a -
h a e m o l y s i s — — + — - — — - — + + — - — - —

2
9

4
 

H
E

R
E

N
D

I and 
R

A
L

O
V

IC
H
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T ab le  V

Precipitation o f  Streptococcus Lancefield  extracts with L isteria  sera

A n ti Listeria E x tra c ts  o f  reference Streptococcus s tra in s
im m unosera

A B C D F G

1/2 ___ +  -  -  - + + + +
4ab
5

— —  —  —  —

6
1830 - : : : : -

L ancefield e x tra c ts  of reference Streptococcus s tra in s  of group A, B, C, 
D , Г  and  G were te s te d  w ith  L isteria  ty p e  sera 1/2, 4ab , 5, 6 an d  1830. G roup 
G an tig en  gave a ty p ic a l, group В an tig en  a w eak an d  slow p rec ip ita tio n  w ith  
se ru m  1/2. None of th e  an tigen  e x tra c ts  reac ted  w ith  sera  4ab , 5, 6 and  1830. 
T hese resu lts seem  to  be in  acco rdance  w ith  those of th e  la te x  agg lu tin a tio n  
an d  L ancefield p rec ip ita tio n .

The fac t o f an tigen ic  re la tio n sh ip  am ong L isteria  an d  Streptococcus 
s tra in s  was f irs t p u b lish ed  b y  Seeliger [6]. H opfer e t al. [7] w ro te  th a t  6 o u t o f 
th e ir  17 Listeria  s tra in s  reac ted  w ith  S trep tex  G reag en t. T h ey  did n o t m en tion  
th e  serovar of th e ir  s tra in s . I t  is in te re s tin g  on th e  basis o f ou r resu lts  th a t  
L isteria  an tigens 4, 5 an d  6 did n o t w ith  Streptococcus re ag en ts  or grouping 
sera . I t  has n o t been  know n y e t  w h a t is th e  real im p o rtan ce  of these  obser
v a tio n s . The n u m b er of Listeria  s tra in s  te s ted  is too  sm all for a fina l conclusion«

Acknowledgement. T he a u th o rs  w ish  to  th a n k  Professor A. L . C o u r t i e u  (N an tes , 
F ra n c e) as well as P ro fesso r H . P . R . S e e l i g e r  (W ürzburg , F R G ) fo r th e  Listeria  s tra in s , and  
th e y  are  also g ra tefu l to  D r. M. Cs ik  (B u d a p es t, H u n gary ) for th e  e lec tro n  m icrographs.

R E F E R E N C E S

1. H o lt, J .  G.: In  S n ea th , P . H . A., M air,N . S., Sharpe, M. E . (eds): B ergey’s M anual o f S y stem 
atic  B acterio logy. Vol. 2. W illiam s a n d  W ilkins, B a ltim o re  —L ondon  —Los Angeles — 
Sydney 1986.

2. L án y i, В. (ed.): P u b lic  H e a lth  and  C linical B acteriology. S ta n d a rd  M ethods (H ung .) N a tio n 
al In s ti tu te  of H ygiene, B u d a p es t, 1980.

3. L en n e tte , E . H ., B alow s, A., H ausier, W . J . ,  Shadom y, H . J .  (eds): M anual o f Clinical M icro
biology. A m erican  Society  for M icrobiology, W ash ing ton  D.C. 1985.

4. R alov ich , B .: L isteriosis R esearch ; P re se n t S itu a tio n  an d  P e rsp ec tiv e . A kadém iai K iadó ,
B u d ap est 1984.

5. R ó tta ,  J . ,  F ack lam , R . R .: M anual o f M icrobiological D iagnostic  M ethods fo r S tre p to 
coccal In fec tions a n d  th e ir  Sequeale. W HO(BA C) 80. 1.

6. Seeliger, H . P . R .: Z en tra lb l H yg  (A) 141, 15 (1955).
7. H o pfer, R . L ., P in zo n , R ., W englar, M., R o lston , К . У. I .:  J  Clin M icrobiol 22, 677 (1985).

Acta Microbiologica Hungarica 36, 1989





Acta Microbiologica Hungarica 36 (2 —  3), pp. 297—301 (1989)

DIRECT ISOLATION (WITHOUT ENRICHMENT) 
OF LISTERIA MONOCYTOGENES IN MILK

L. D o m i n g u e z , V .  B r i o n e s , M. B l a n c o , J .  F . F e r n a n d e z - G a r a y z a b a l , 

J .  L. B l a n c o , J . A. V a z q u e z  a n d  G .  S u a r e z

D epartment o f  A n im a l Pathology, M icrobiology and Im m u n ity , Veterinary  
F aculty , M adrid , S p a in

In  th e  p re sen t w ork  we h av e  developed a d irec t m eth o d  (w ith o u t enrichm ent) fo r th e  
iso lation  of lis te riae  in  m ilk , u sin g  th e  com binated  ac tio n  of SDS (so d iu m  dodecyl su lp h a te ), 
c en trifu g a tio n  an d  selective m ed ia . I t  is possible to  id en tify  even  0.5 lis te riae /m l am o ngst 
7.2 X l O 7 c.f.u. c o n tam in an ts /m l.

Listeria  monocytogenes is a w idespread  path o g en  o f concern  to  pub lic  
h ea lth  and food in d u s try . T his m icroorganism  has been invo lved  in recen t 
food-associated  o u tb re a k s  [1, 2] and  has been  also iso la ted  from  raw  m ilk  
[3, 4] and  soft cheeses [2], w hich shows th a t  a w ide v a r ie ty  o f  foods for h u m an  
consum ption  m ay  serve as vehicle of tran sm issio n  of listeriosis. This fact an d  
its w ide d is tr ib u tio n  in  th e  env ironm en t has increased  th e  in te re s t for its  d e 
tec tio n  on foods.

The recovery  of L . monocytogenes is d ifficu lt from  sam ples where o th e r 
co n tam in a tin g  b a c te ria  are  p resen t, as th e  n u m b e r of lis te riae  is usually  low  
and th e y  are overgrow n b y  o ther bac te ria . F o r th is  reason , th e  a tte m p ts  to  
isolate th em  b y  d irec t p la tin g  are in  m ost cases fru itless. N um erous m ethods 
have been described to  d e te c t L. monocytogenes from  en v iro n m en ta l and  bio log
ical specim ens an d  foods [5]. M icrobiological m ethods are generally  used, b u t  
th e y  requ ire  a ted ious an d  len g h ty  en rich m en t procedure to  iso late listeriae . 
More rap id  p rocedures fo r th e  iso lation  of L. monocytogenes have been d evel
oped [6, 7] b u t  th ese  tech n iq u es  are y e t seldom  used  for ro u tin e  analysis.

The p re se n t w ork  show s a rap id  m e th o d  for th e  iso la tio n  of L. mono
cytogenes from  food by  d ire c t p la ting  w ith o u t previous en rich m en t. This te c h 
n ique is rap id  an d  ch eap , and  it can be u sed  as a ro u tin e  m ethod  in food 
in d u stries.

M aterials and m ethods

Organism. T he s tra in  used  in  th is  w ork was L . monocytogenes se ro v ar l /2 a  NCTC 7973. 
Two flasks co n ta in in g  1 l itre  o f sterilized  m ilk w ere in o cu la ted  w ith  tw o  d is tin c t am o u n ts o f 
Listeria  grow n on a yeast-g lucose-lem co-agar m edium  to  o b ta in  tw o p u re  cu ltu res, one w ith

L u c a s  D o m in g u e z  R o d r i g u e z , V . B r i o n e s , M. B l a n c o , J .  F . F e r n a n d e z -G a r a y z a b a l , J .  L . B l a n c o , J .  A. V a z q u e z , 
G . S u a r e z
M icrobio logia-Pato l. A n im al I -F a c . V e te rin a ria -U n iv . C om plutense de  M ad rid  
28004 M adrid , Spain
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a h ig h  and a n o th e r w ith  a low  co u n ts  o f L isteria . These flasks w ere k e p t  a t  4 °C d u rin g  th e  
co u rse  o f th e  ex p erim en ts  (one year). W hen  th e  s ta tio n a ry  phase  w as reach ed , th e  g ro w th  was 
tra n s fe rre d  to a new  flask , so th a t  lis te riae  in  m ilk  were alw ays in  th e  ex p o n en tia l phase .

M edia. A ll co u n ts  w ere done on th e  th re e  b e s t m edia in our h a n d s  [8], in o rd e r to  check 
th e  in h ib itin g  action  of each m edium  on th e  n a tu ra l  m ilk m icroflora, allow ing a t  th e  sam e tim e 
th e  g ro w th  of Listeria  an d  th e  easy id e n tif ic a tio n  of th e ir  colonies b y  m acroscopic o b se rv a tio n . 
M edia  used  were a yeast-g lucose-lem co-agar n o n  selective m edium  [9] an d  two Listeria  selec
t iv e  m edia: LSAM [10] an d  LPM  [11].

E xperim enta l désigné. T h ree  ty p e s  o f m ilk  w ere exam ined, follow ing th e  sam e schem e.
F irs t  of all, we used  sterilized  m ilk  to  see th e  am o u n t of L isteria  we could recover a t  th e  

en d  of th e  process w hen th e y  w ere in  p u re  c u ltu re . In  previous ex p erim e n ts  we h ad  ev a lu a te d  
th e  sen sitiv ity  o f lis te riae  to  th e  a c tio n  of SD S (sodium  dodecyl su lp h a te ) , observ ing  t h a t  th e  
l is te ria -c o n ce n tra tio n  w as a lm o st th e  sam e in  th e  counts done befo re  and  a fte r  su b m ittin g  
sam p le s  to th e  SDS ac tio n  for 0.5 to  1 h  a t  a  f in a l concen tra tion  of 0 .75% .

T he rem ain in g  ex p erim en ts  w ere c a rried  o u t  w ith  two k inds of raw  m ilk: one of a high 
s a n ita ry  value  from  a con tro lled  fa rm  an d  w ith  a n a tu ra l  co n tam in a tin g  f lo ra  of a b o u t 3.1 X 105 
c .f .u ./m l and a second one from  th e  m ix ing  ta n k  of a da iry  p lan t w ith  a  c o u n t of a b o u t 7.2 X lO 7 
c .f .u ./m l.

R aw  m ilk  w as in tro d u ced  in  tw o  ste rile  b o ttle s  w ith  sodium  azide  a t  a fin a l c o n ce n tra 
t io n  of 0 .05%  to  in h ib it m u ltip lica tio n  of th e  m icroflora during  tr a n s p o r t  an d  h a n d in g  to 
w a r ra n t  th e  sam e co n ce n tra tio n  of b a c te r ia . T h is  sodium  azide co n ce n tra tio n  does n o t  affec t 
l is te r ia -v ia b ility  b u t  on ly  m u ltip lica tio n  c ap a b ility .

R aw  m ilk  w as d is tr ib u te d  in  flask s (300 m l each). T hey w ere th e n  ino cu la ted  w ith  th e  
L is te r ia  stock  in ocu lum  decribed  p rev io u sly  w ith  a  know n lis te ria -co n cen tra tio n . In  th is  w ay, 
w e o b ta in ed  th e  sam e vo lum e of raw  m ilk  w ith  th e  sam e m icroflora ch arg e  b u t  w ith  d iffe ren t 
(a n d  know n) lis te ria -c o n ce n tra tio n  (from  0.5 to  106 c.f.u ./m l).

T he sam e t re a tm e n t  was th e n  ap p lied  to  all th e  flasks: a f te r  in o cu la tin g , we m ad e  a 
f i r s t  co u n t to  know  th e  a m o u n t o f lis te riae  we could  de tect by  d irec t p la tin g . N ine  m l o f an 
S D S ste rile  so lu tio n (2 5 % )w as th e n  ad d ed  to  each  flask  to o b ta in  a f in a l  c o n cen tra tio n  o f 0 .75% . 
I n  th is  w ay, we p a r tia lly  e lim in a ted  th e  m icro flo ra  w ith o u t a ffecting  lis te riae ; th is  w as verified  
b y  a  second p la tin g .

In  th e  n e x t step  we cen trifu g ed  200 m l fro m  each flask  a t  12 000 rp m  fo r 40 m in  a t  
4 °C ob ta in in g  th ree  frac tio n s : sed im en t, s u p e rn a ta n t  and cream . W e observed  th a t  b a c te ria  
w ere  fo u n d  a t  th e  sed im en t an d  cream  a n d  th e re fo re  th e  su p e rn a ta n t w as d iscarded . C ream  and  
se d im e n t were th e n  resuspended  in  200 m l o f  a 1%  saline solution an d  a  th ird  p la tin g  w as done. 
T h is  w ashing w as n ecessary  to  e lim inate  m o st o f SDS th a t  in h ib its  th e  g row th  of b a c te ria  
fro m  cream  and  sed im en t w hich w ere th e n  re -cen trifu g ed  in  th e  sam e w ay  as before . A fte r 
th is  c en trifu g a tio n , th e  su p e rn a ta n t w as d iscard ed  an d  cream  an d  sed im en t w ere resu sp en d ed  
in  20 m l of a 1%  saline so lu tion . F ro m  th is  f in a l suspension th e  fo u r th  an d  final p la tin g  was 
done .

R esults an d  discussion

The resu lts  show n in th e  p re se n t w ork  suggest th a t  th is  tech n iq u e  is a 
fa s t  an d  efficien t m ethod  to  d e tec t L isteria  in raw  m ilk.

By d irec t p la tin g  in th e  se lec tive  m edia  used w ith o u t en rich m en t th e  
d e tec tio n  lim it o f  Listeria  ranged  be tw een  1.2 X 102 lis teriae /m l of m ilk  heav ily  
c o n ta m in a te d  by  n a tu ra l m icroflora  (7.2 X 107 c.f.u ./m l) an d  2.5 lis te riae /m l 
in  m ilk  w ith  a low m icrobial d en sity  (3.1 X l O 5 c.f.u ./m l). H ow ever, w ith  the  
tech n iq u e  wre describe it  is possible to  d e te c t even 0.5 lis teriae /m l in sam ples 
w ith  a high b ac te ria l charge (7.2 X l O 7 c .f.u ./m l).

F irs t of all, th e  a d d itio n  o f sodium  azide a t a co n cen tra tio n  o f 0 .05%  
as p rese rv a tiv e  can be very  useful fo r th e  rou tine  iso la tion  of Listeria  as it  
in h ib its  m u ltip lica tio n  b u t no t v ia b ility  o f m icroorganism s, keeping c o n s ta n t 
th e  b ac te ria l po p u la tio n .
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As i t  is read ily  seen, th e  use o f SDS as ind ica ted , is a good m ethod  for 
enh an c in g  th e  detec tion  of lis te riae  in  m edia  heav ily  co n tam in a ted  b y  o th e r 
m icroorgan ism s such as raw  m ilk . In  prev ious experim en ts we have seen th a t  
th e  effect of SD S on listeriae  a t th e  co n cen tra tio n  and  tim e s ta te d  is irre lev an t 
(d a ta  n o t show n); in these ex p erim en ts  we observed th a t  SDS is less in h ib ito ry  
to  lis te riae  th a n  to  the  o ther c o n ta m in a n ts . T hus a fte r add ing  SDS to  raw  m ilk, 
th e  n a tu ra l  m icro flo ra  co n cen tra tio n  corresponded  to  7 .5%  of th e  in itia l n u m 
ber, w hile th e  n u m b er of lis te riae  w as 70%  o f th e  in itia l am o u n t.

T he com bined  effect of SDS an d  cen trifu g a tio n  on th e  co n cen tra tio n  of 
lis te riae  an d  n a tu ra l  m icroflora of th e  d ifferen t fractions an d  ty p es of m ilk  are 
show n in  T ab les I and I I .  A fte r cen trifu g a tio n , listeriae  co n cen tra ted  m ain ly  
in  th e  cream  an d  in  the  sed im ent.

W hen th e  cream  and  th e  sed im en t are resuspended  and  com bined, p ra c ti
cally  th e  to ta l  o f th e  in itia l l is te r ia —co n cen tra tio n  was recovered. In  th is  w ay  
lis te riae  h ad  b een  concen tra ted  n in e  to  ten  tim es, as th e  fin a l volum e is a ro u n d  
10%  of th e  orig inal. This is th e  reaso n  for th e  g rea t sen sitiv ity  of th e  tech n iq u e , 
a long  w ith  th e  effect of SDS on th e  n a tu ra l m icroflora of m ilk  allow ing a b e tte r  
id en tif ic a tio n  o f th e  colonies of L isteria  as i t  elim inates m ost of th e  co m p e ti
tiv e  m icro flo ra .

T he im p o r ta n te  of th e  second cen trifu g a tio n  has to  be stressed : th e  f irs t  
c e n tr ifu g a tio n  does no t com ple te ly  e lim ina te  th e  SDS and  th e  n u m b er of

T ab le  I

E ffect o f  S D S  on listeria in sterilized m ilk. Percentage o f  the initial bacterial population recovered 
in the different frac tions after centrifugation

C ream S ed im en t S u p e rn a ta n t
C ream  - f  
sed im en t

W ith  SDS 326 2782 0.4 4025

W ith o u t SDS 526 8345 2.4 12200

SDS =  sodium  dodecyl su lphate

T ab le  I I

Effect o f  S D S  on Listeria and raw m ilk  natural microflora. Percentage o f the initial bacterial 
popula tion  recovered in the d ifferent fractions after centrifugation

C ream S ed im en t S u p e rn a ta n t C ream
sed im en t

M icro flo ra  L isteria M icroflo ra Listeria M icroflora L isteria M icroflora L ister ia

W ith  SDS 11.4 1300 1.85 386 0.08 1.7 107.1 11700

W ith o u t SDS 257.1 2000 25 380 1.04 8.4 1028 12720

M icroflora =  n a tu ra l m icroflora o f raw  m ilk; SDS =  sodium  dodecyl su lphate
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T ab le  I I I

E ffica cy  o f different selective media on the recovery o f  Listeria  in  relation to the natural m ilk microflora 
at the different stages o f  the experiment

L is te r ia /m l M edia

R aw  m ilk  7.2 X  107 c .f.u ./m l R aw  m ilk  3.1 x 105 c.Jf.u ./m l

w ith o u t
SDS

w ith
SD S

c e n tr i
fu g a te d

w ith o u t
SDS

w ith
SDS

c e n tri
fu g a ted

NSM + + +

1 .5  x l O 4 LSAM + + + + + + NT
LPM c + + + + + +

NSM — — —

1 . 4  x l O 3 LSAM + + + NT
LPM + + + +

NSM — — — + + +  +

1 .8  x l O 2 LSAM + — + + + + +

LPM + + + + + +  + + +

NSM — C — + +

1 .8  X 1 0 1 LSAM — — + + — —

LPM — + + + + +  + +  +

NSM — — — + +

1 . 8 x 1 0 ° LSAM — — + — — —

LPM — — + — — +

NSM — — — — — +

0 . 5 x 1 0 ° LSAM — — — — + —
LPM — — + — — + +

NSM =  non-selective  m edium ; LSAM =  L is  eria selective ag ar m edium ; LPM  =  LiCl- 
pheny le thano l in o x alac tam ; c =  con tam in a ted ; N T  =  n o t te s ted ; +  0 —10%  of to ta l colonies 
w ere Listeria; - f +  10 — 50%  of to ta l colonies w ere Listeria; +  +  +  >  50%  of to ta l colonies 
w ere Listeria ; — none of th e  colonies were Listeria ; SDS =  sodium  dodecyl su lphate

colonies observed in  th e  m edia  decrease, specia lly  w hen  p la ted  d irec tly  w ith o u t 
d ilu tin g  th e  sam ple. F re q u e n tly  we have seen th e  p a rad o x ica l effect th a t  th ere  
a re  m ore colonies w h en  th e  sam ple is d ilu ted  1 : 10 th a n  in  th e  u n d ilu ted  one. 
T h is  problem  is g re a tly  solved w ith  th e  second cen trifu g a tio n .

The jo in t ac tio n  o f SDS, cen trifu g a tio n  and  selective m edia m ay he seen 
in  T ab le  I I I .  I t  can  be  no ticed  th a t  before  th e  a d d itio n  of SDS liste riae  m ay  
be iso la ted  b y  d irec t p la tin g  in  th e  non -se lec tiv e  m edium  only w hen th e  dif
ference betw een  th e  co n cen tra tio n s of lis te riae  and  com petitive  m icroflora is 
less th a n  103. H ow ever, in  LSAM an d  LPM  listeriae  are iso la ted  even w hen 
th e  difference is 104 to  10° c.f.u ./m l.

A fte r the  a d d itio n  of SDS n a tu ra l m icro flo ra  decreased te n  tim es of the 
o rig inal am o u n t w hen  p la ted  on th e  non-selective m edium  and  LSAM, and  
a lm o st one h u n d red  tim es  on L PM , while th e  lis te ria -co n cen tra tio n  is scarcely
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affected . This m eans th a n  in  LPM  th e  colonies of Listeria  are m ore easily  seen 
and id en tified  even w hen th e  difference w ith  n a tu ra l m icro flo ra  is 106 c.f.u ./m l. 
T he difference has to  be less th a n  104 w hen  p la tin g  on th e  non-selective m ed ium , 
and  less th a n  105 on LSA M , b u t  th e ir  iden tifica tion  is easier th a n  before th e  
ad d itio n  of SDS.

F ina lly , a fte r c e n trifu g a tio n  i t  is possible to  id en tify  even  0.5 lis te ria /m l 
a m o n g s t 7 .2 x l 0 7 c.f.u . co n tam in an ts /m l on L P M ; in  LSAM  th e  difference 
has be less th a n  107 an d  in  th e  non -se lec tive  m edium  o f 106 to  d e te c t listeriae . 
In  ad d itio n , colonies of Listeria  w ere m ore easily iden tified  on LPM  th a n  on 
th e  o th e r tw o m edia, due to  th e  low er g row th  of co m petitive  m icro flo ra .
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THE USE OF MONOCLONAL ANTIBODIES TO 
DEMONSTRATE LISTERIA MONOCYTOGENES IN 

POST MORTEM TISSUE USING A DIRECT 
IMMUNOFLUORESCENCE TECHNIQUE, AND TO 

DETECT A SOLUBLE ANTIGEN IN CSF 
SUPERNATANTS USING AN ELISA

J .  M cL a u c h l i n , D. S a m u e l  and  A .  G .  T a y l o r

D i v i s i o n  o f  M i c r o b i o l o g i c a l  R e a g e n t s  a n d  Q u a l i t y  C o n t r o l , C e n t r a l  P u b l i c  H e a l t h  
L a b o r a t o r y , C o l i n d a l e , L o n d o n , E n g l a n d

A d irec t im m unofluorescence tech n iq u e  w as developed using F IT C  con ju g a tes  o f a n ti 
l is te r ia  a n tib o d ies  (CL2 and  CL17). U sing th is  tech n iq u e  L i s t e r i a  m o n o c y t o g e n e s  (whole cells) 
w ere  o bserved  in  p o st m ortem  tissue  fro m  3 p a tie n ts  w here listeriosis h ad  been p roven  b y  th e  
iso la tio n  of th e  b ac te riu m , and  also from  a p a tie n t  w here listeriosis was su spec ted . U sing one 
o f th ese  m onoclonal an tibod ies (CL2) an  in d ire c t a n tig e n  cap tu re  E L IS A  was developed fo r 
th e  d e tec tio n  of soluble an tigen . Soluble an tig en  w as d e tec ted  in  cereb rosp inal flu id  (CSF) fro m  
2 7 %  of p a tie n ts  in fec ted  w ith  L .  m o n o c y t o g e n e s  serogroup  4 and 2%  of p a tie n ts  w here  l is te 
riosis w as susp ec ted . T he te s t  was 100%  specific in  th a t  an tigen  was) n o t  d e tec ted  in  270 
o th e r  CSF sam ples te s te d . A ntigen  was on ly  d e te c te d  in  CSF sam ples ta k e n  w ith in  7 days a f te r  
o n se t o f illness.

L iste rio sis  is a disease w ith  h igh m o rta li ty  ra tes w hich m ay  show  a rap id  
o n se t o f  sy m p to m s [1]. E a rly  diagnosis w ith  ap p ro p ria te  t re a tm e n t, how ever, 
m a y  m od ify  th e  poor prognosis of th is  d isease [2-5], th u s  th e re  is a need  for 
ra p id  m e th o d s  o f  la b o ra to ry  diagnosis. In  th is  repo rt we in v es tig a te  th e  p re s 
ence o f L . monocytogenes (whole bac te ria ) in  p o s t m ortem  tissue , an d  of a Listeria  
serogroup  4  specific  soluble an tigen  in  cerebrosp inal flu id  ( C S F )  using  a n ti-  
L isteria  m onoclonal an tibodies.

M aterials an d  m ethods

D i r e c t  i m m u n o f l u o r e s c e n l  t e s t .  T he specificities o f th e  m onoclonal a n tib o d ies  (desig n ated  
CL2 a n d  CL17) hav e  been  discussed b y  M cL au ch lin  e t  al., th is  sy m posium . D irec t F IT C  
(fluo resce in  iso th io cy an a te )  con jugates w ere p re p a re d  as described p rev io u s ly  [6].

F o rm a lin  f ix ed  p o st m o rtem  tissu e  w as o b ta in e d  from  4 p a tie n ts , w h ich  w ere; P a t i e n t  1 ,  
a 12-w eek-old a b o rte d  foetus w here L .  m o n o c y t o g e n e s  serovar l /2 b  w as iso la te d  from  m a te rn a l 
b lo o d  cu ltu res , am n io tic  flu id , chorioa llan to ic  m em b ran e , and from  th e  th o rac ic  w all o f  th e  
fo e tu s  [7]. P a t i e n t  2 ,  a 60-year-o ld  w ith  p ro s th e tic  h e a r t  valves; L . m o n o c y t o g e n e s  se ro v ar 4b 
w as iso la te d  fro m  b lood cu ltu res an d  fro m  h e a r t  v a lv e  tissue. P a t i e n t  3 ,  a p rev iosu ly  h e a lth y  
85-year-o ld  w ith  en cep h alitis  and  p n eu m o n ia ; L .  m o n o c y t o g e n e s  serovar l /2 a  w as cu ltu red  fro m  
th e  b ra in -s te m  a n d  m eningeal sw abs. P a t i e n t  4 ,  a d iagnosis of herpes en cep h alitis  m ade in  a

J a m e s  M cL a u c h l in , D . Sa m u e l , A. G. T a y lo r
C e n tra l P u b lic  H e a l th  L a b o ra to ry , D iv ision  o f  M icrobio logical R e a g e n ts  an d  Q u ality  C ontro l 
C o lindale  A v en u e , N W 9  5 H T  L on d o n , E n g lan d
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prev io u sly  h e a lth y  5 0 -year-o ld  who died. Since th e  b ra in  w as f ix ed  a t  au to p sy , cu ltu re  w as n o t  
a tte m p te d , how ever, n u m ero u s  G ram -positive  coccobacilli w ere seen in  th e  m id-brain .

Im pression  sm ears o f p o st m ortem  tissu e  fro m  th e  above 4 p a tie n ts  were p re p a re d  on 
m icroscope slides w h ich  w ere a ir d ried , an d  fix ed  in  ace to n e  fo r 10 m in . FIT C  co n ju g a tes  of 
CL2 an d  CL17 w ere ad d ed  to  th e  slides a t  th e ir  o p tim a l d ilu tio n s, in cu b a ted  for 30 m in  a t  
37 °C, w ashed in  p h o sp h a te  bu ffered  saline (P B S , D ulbecco A) fo r 10 m in , and ex am ined  b y  
fluorescence m icroscopy.

E L I S A  test. A  to ta l  o f 399 CSF sam ples co llected  fro m  393 p a tie n ts  were te s te d , an d  
T ab le  I show s a b rie f  c lin ica l d escrip tion  of th ese  p a tie n ts . A soluble  a n tig en  was p rep ared  fro m  
a w ild ty p e  L . monocytogenes se rovar 4b s tra in  using  a m o d ificatio n  of th e  Fu ller m eth o d  [8]. 
E igh t-w ell f la t  b o tto m  E L IS A  strip s  w ere tre a te d  fo r 72 h  a t  4 °C w ith  a d ilu tion  of w hole 
asc itic  flu id  o f CL2 in  P B S  p lu s sodium  azide (0 .08%  w /v). T he f lu id  from  each well was a sp ira 
te d , and  200 /А of b lock ing  b u ffer (1%  w /v  m ilk  pow der, co n ta in in g  0 .08%  w /v sodium  azide in  
P B S ) was added  to  each  well fo r 3 h  a t  room  te m p e ra tu re . T he f lu id  from  'each well w as asp i
ra te d , 200 ,1(1 of b lock ing  b u ffe r  ad d ed  to  each  well, th e  strip s  w ere sealed  w ith  adhesive ta p e  an d  
s to red  for up  to  4 w eeks a t  4 °C.

An a n ti-F IT C  m onoclonal a n tib o d y  w as p re p are d  as d escribed  previously  [6], an d  
co n ju g a ted  w ith  h o rse rad ish  perox idase  using  th e  m eth o d  of W ilson an d  N akane [9].

W hen  req u ired  fo r u se , th e  strip s  w ere w ash ed  6 tim es (200 fA p e r  well) w ith  w ash b u ffer 
(0 .1%  v /v  T w een 20 in  P B S ), and  to  a p p ro p ria te  wells 100 fil o f CSF d ilu ted  1 : 1 (v /v )  in  
b u ffer 1 (1 %  w /v  m ilk  p o w d er p lus 1%  v /v  T w een  20 in PB S ) w as ad d ed . The strips w ere th en  
in cu b a ted  for 3 h  a t  37 °C, a n d  w ashed 6 tim es w ith  w ash b u ffer. C L2/FITC  con ju g a te  was 
ad d ed  (100 /d) in  b u ffer 2 (b u ffer 1 p lus 5%  w /v  bovine  serum  a lb u m in ), and  re in cu b a ted  for 
1 h  a t  37 °C. T he s tr ip s  w ere  th e n  w ashed 6 tim es as before , a n ti-F IT C /H R P  conjugate ad d ed  in  
b u ffer 1, an d  re in c u b a te d  fo r 1 h  a t  37 °C. W ells w ere th e n  w ashed  as before, 100 /Л of su b s tra te  
(te tram e th y lb e n z id in e ) ad d ed  using  th e  m eth o d  of Bos e t al. [10], an d  op tical d en sity  v a lu es 
(O D  450 nm ) d e te rm in ed . A ll CSF sam pl es w ere te s te d  in d u p lica te , a n d  resu lts  are expressed  as 
a  ra tio  of th e  m ean  OD as com pared  w ith  t h a t  o b ta in ed  fo r a b lan k  (su b s tra te  only) well.

R esults and d iscu ssion

Reactivity o f  the monoclonal antibodies in  direct immunofluorescence test 
w ith  p ost m o rtem  specim ens is show n in  T ahié I I  an d  F ig . 1. B ac te ria  w ere 
observed  in  m a te r ia l from  p a tie n ts  1, 2 an d  3 w hich h a d  reac ted  w ith  th e  m o
noclonal a n tib o d y  of th e  specific ity  correspond ing  to  th e  serogroup of L . m o
nocytogenes iso la ted  from  each of th e  p a tie n ts . B acilli reac ting  w ith  CL2 
(p resu m ab ly  L . monocytogenes serogroup 4) were seen in th e  m ateria l from  
p a tie n t 4.

Soluble antigen teas detected using E L I S A  in th e  form am ide e x tra c te d  
an tig en , w hich w as used  as a positive con tro l in  each assay  run . The presence 
o f an tigen  w as ta k e n  as corresponding  to  wells h av in g  OD values of >> 3 tim es 
th a t  ob ta in ed  w ith  th e  b lank . A ntigen  w as d e tec ted  in  sam ples ta k e n  from  
p a tie n ts  w ith  L . monocytogenes serogroup 4 in fections (29% j 18 out of 62 p a 
tie n ts ) , and  from  p a tie n ts  w here listeriosis w as suspected  (3% , 2 ou t 60 p a 
tie n ts ) . In  th e  2 cases w here listeriosis w as suspected  an d  an tigen  was d e tec ted , 
a diagnosis o f asep tic  m en ing itis and  cen tra l nervous system  “ ab n orm alities”  
h a d  been m ade. A n tig en  was n o t d e tec ted  in  an y  of th e  o th e r 330 CSF sam ples 
te s te d .

The tim in g  w hen  th e  CSF sam ple w as ta k e n  in  re la tio n  to  onset of illness 
w as know n in  46 sam ples from  42 ad u lts  an d  ju v en iles  in fected  w ith  L . mo-
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T a b le  I

E L I S A  r e s u l t s  o n  3 9 9  c e r e b r o s p i n a l  f l u i d  s a m p l e s  f r o m  3 9 3  p a t i e n t s  f o r  t h e  d e t e c t i o n  o f  a  L i s t e r i a
s p e c i f i c  a n t i g e n

N o. o f N o. o f CSF
C ategory  o f p a t ie n t

No. o f specim ens w here 
a n tig en  w as

P ro p o rtio n  o f 
p a tie n ts  w here

p a tie n ts specim ens
n o t detected* d e te c te d 4"

a n tig en  w as 
d e te c ted

15 15 L . m o n o c y t o g e n e s  

serogroup 1/2 infections 
L . m o n o c y t o g e n e s  
serogroup 4 infections:

15 0 0.00

7 7 neonates 6 l 0.14
56 60 ad u lts  and juveniles 41 19 0.32

145 145 infections due to  o th e r 
agents §

145 0 0.00

60 62 listeriosis suspected 60 2 0.03
110 110 infection  no t suspected 110 0 0.00

* Sam ples w ich gave OD 450 nm  readings o f <  3 tim es the  te s t  b lan k  
+ Sam ples w hich gave OD 450 nm  read ings o f >  3 tim es th e  te s t  b lank
§ These com prised infections in: 69 p a tie n ts  w ith  N e i s s e r i a  m e n i n g i t i d i s , 41 w ith  S t r e p t o 

c o c c u s  p n e u m o n i a e , 32 w ith  H a e m o p h i l u s  i n f l u e n z a e , 3 w ith  M y c o b a c t e r i u m  t u b e r c u l o s i s
T he te s t  blank was ob tained  by using wells containing su b s tra te  and  H 2S 0 4 only.
A ntigen  was cap tu red  from  CSF sam ples using  wells coated w ith  th e  a n ti - L i s t e r i a  m ono

clonal an tib o d y  CL2. B ound  an tigen  was d e tec ted  using a FITC-CL2 conjugate, followed by  a 
peroxidase  labelled an ti-F IT C  m onoclonal a n tib o d y

T a b le  I I

R e s u l t s  o f  d i r e c t  i m m u n o f l u o r e s c e n c e  t e s t s  u s i n g  F I T C  c o n j u g a t e s  o f  a n t i - L i s t e r i a  m o n o c l o n a l  
a n t i b o d i e s  t e s t e d  a g a i n s t  p o s t  m o r t e m  t i s s u e

T issu e  sam pled

N o. o f  flu o resc in g  bacilli

CL17 F IT C
(an ti serogroup 1/2)

CL2 F IT C  
(a n ti  serogroup  4 )

P a tie n t 1

P lacen ta + + —

F o e tu s (abdom inal cav ity ) +  + -

P a tie n t  2

A ortic  valve — + +
M itral valve - + +

P a tie n t  3

T em poral lobe (surface) — —
B ra in  stem /cerebellum  (surface) + * —
B ra in  stem /cerebellum  (necrotic area) + + —
C ortex (surface) — —

P a tie n t  4

B ra in  stem  (necrotic  area) - + +

* Scan ty  num bers o f bacilli on ly  seen
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T ab le  I I I

D e t e c t i o n  o f  a  L i s t e r i a  s p e c i f i c  a n t i g e n  i n  C S F  s a m p l e s  b y  E L I S A  i n  r e l a t i o n  to  t h e  t i m i n g  o f  t h e
s p e c i m e n  a n d  o n s e t  o f  i l l n e s s

D ays a fte r  onset o f illness 
CSF specim en was co llected

0 -3  4 -7 > 7

N o. o f  p a tie n ts

A ntigen  detected* 13 2 0

A ntigen  n o t detected+ 12 и 8

P ro p o rtio n  of samples where
an tig en  was detected 0.52 0.15 0.00

* OD 450 nm  >  3 tim es te s t  b lan k  
+  OD 450 nm  <  3 tim es te s t  b lan k

nocytogenes serogroup  4, and th e  p ro p o r tio n  of these in w hich  an tig en  w as 
d e tec ted  is show n in Table I I I .  A n tig en  w as d e tec ted  m ost o ften  w ith in  3 days 
o f onset, an d  n o t in  any  of the  sam ples ta k e n  la te r  th a n  7 days a fte r  onset. In  
2 p a tie n ts  w here sequen tia l sam ples w ere o b ta in ed , an tigen  w as d e tec ted  in  
b o th  ta k e n  w ith in  one day  a fte r onset, a n d  n o t in  specim ens ta k e n  on th e  3rd 
a n d  5 th  day  a f te r  onset of illness.

T he freq u en cy  w ith  w hich each serog roup  of L. monocytogenes causes in 
fection  in h u m an s in  B rita in  has b een  p rev iously  rep o rted  [11]. U sing th is  
in fo rm a tio n  to g e th e r  w ith  the  re su lts  in  T ab le  I I ,  i t  can  be e s tim a ted  th a t ,  
w hen  p resen t in  clinical specim ens, s tra in s  o f L . monocytogenes in  over 95%  o f 
all p a tie n ts  w ith  listeriosis will be d e tec ted  using  these an tibod ies. This assum es 
th a t  th e  specificities of these an tib o d ies  are  s im ila r w ith  re sp ec t to  b a c te ria  
grow n in v itro  and  in  vivo, and  th e  re su lts  o f th is  sm all series suggests th is  to  
be so. I t  has been  rep o rted  th a t  L . monocytogenes m ay be d ifficu lt to  cu ltiv a te  
from  b o d y  flu id s [1], and  even i f  grow n m a y  be m isidentified  an d  dism issed as 
a c o n ta m in a n t [12]. P roblem s in  c u ltu r in g  b a c te r ia  a fte r p a tie n ts  have  s ta r te d  
receiv ing  an tim ic ro b ia l ch em o th erap y  are  also well recognized. In  ad d itio n , 
i t  has been ad v o ca ted  th a t  th e  e x a m in a tio n  of tissue b y  co n ven tiona l te c h 
n iques m ay  aid  diagnosis [3].T he reag en ts  described  here m a y b e  fu r th e r  helpfu l 
in  th e  d irec t d em o n stra tio n  of L . monocytogenes in  clinical specim ens.

A n accu ra te  an d  rap id  d iagnosis o f b a c te ria l m en ing itis is h igh ly  a d 
v an tag eo u s  in  p a tie n t  m anagem ent since th is  m ay  allow early  im p lem en ta tio n  
o f ap p ro p ria te  chem otherapy . V arious im m unological tech n iq u es  h a v e  been

F i g .  1 .  Im m u n o flu o rescen t p ho tom icrographs o f im pression  sm ear from  p a tie n t  1 (th e  a b d o m i
n a l cav ity )  s ta in ed  w ith  FIT C  labelled a n ti  - L i s t e r i a  m onoclonal an tibod ies . A =  s ta in ed  w ith  
CL17 (a n li- /..  m o n o c y t o g e n e s  serogroup 1 a n tib o d y ); В =  s ta in ed  w ith  CL2 (an ti-L . m o n o c y t o 

g e n e s  serogroup  4 an tib o d y )
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used  to  d e tec t an tig en s  in  sam ples from  p a tie n ts  in fec ted  b y  o ther ag en ts  [13]. 
T here has been one prev ious rep o rt [14] of th e  de tec tio n  of listeria l an tig en  in  
CSF tak en  from  a single p a tien t d u rin g  infection .

The E L IS A  described  here d e tec ted  a L . monocytogenes serogroup 4 speci
fic  an tigen  in th e  C SF. A ntigen was d e tec ted  in CSF sam ples tak en  from  30%  
of all p a tien ts  w ith  cu ltu re  proven  serogroup  4 in fec tions, and  also in  2 speci
m ens w here lis teriosis  w as suspected . T he assay  ap p ears  to  be 100%  specific 
in  th a t  an tig en  w as n o t detec ted  in  a n y  of th e  o th e r CSFs te sted . H ow ever, 
th e  sensitiv ity  of th is  te s t  was low , since an tig en  w as n o t detec ted  in  CSFs 
from  70%  of p a tie n ts  w ith  cu ltu re  p ro v en  serogroup  4 infections (T able I). 
A possible reason  fo r th is  m ay  be t h a t  th e  an tig en  in  som etim es p re se n t a t  
concen tra tions w h ich  are  below th e  d e tec tio n  lim it o f th is  te s t. H ow ever, th e  
o bserva tion  th a t  a n tig e n  was de tec ted  in  a p p ro x im a te ly  h a lf  the  CSF sam ples 
collected w ith in  2 day s of onset o f in fec tio n  and  in  none of the  sam ples col
le c te d  a fte r 7 day s (Table I I I ) ,  suggests th a t  an tig en  concen tra tion  ra p id ly  
decreases w ith  tim e  a f te r  onset of illness. T his is also su p p o rted  b y  th e  re su lts  
ob ta ined  w ith  specim ens from  2 cases w here seq u en tia l CSF sam ples w ere 
ob ta ined . In  ad d itio n , th e  dates of o n se t of in fec tion  used  here m ay be ra th e r  
sub jec tive , an d  re p re se n t the  da te  o f onse t o f acu te  sym ptom s, adm ission  to  
h o sp ita l or th e  d a te  w hen  the  firs t specim ens were ta k e n . Thus, th e  levels o f 
sen s itiv ity  o b ta in ed  here  m ay be an  u n d e re s tim a te  of th e  p o ten tia l se n s itiv ity  
of th is  assay.

W e d e m o n s tra te  here th a t  serogroup  specific an tig en s are p ro d u ced  b y  
L . monocytogenes in  v ivo  b o th  on th e  b a c te r ia l cell surface, and  (for serogroup  
4 s tra in s) in  a so luble form  in CSF. T he re la tiv e ly  sim ple te s ts  described here  
m ay  help in  th e  la b o ra to ry  diagnosis o f h u m an  listeriosis.
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COMPARISON OF IMMUNOFLUORESCENT 
ANTIRODY TEST AND ENZYME-LINKED 

IMMUNOSORBENT ASSAY FOR DETECTION OF 
ANTIBODIES TO LISTERIA MONOCYTOGENES

E. G. R u s s e l l

D epartm ent o f  M icrobiology , M onash M edical Centre, Clayton , Victoria , A ustralia

T his la b o ra to ry  has u se d  a n  im m unofluo rescen t an tib o d y  te s t  (IF A T ) for th e  de tection  
of IgG  and  IgM  an tib o d ies to  L isteria  monocytogenes. T h is te s t  is perfo rm ed  using  whole cells 
of sero types l /2 a ,  l/2 b , an d  4b as antigen. Sera a re  p re -ab so rb ed  to rem ove cross-reacting  a n ti
bodies. T h is te s t  can  d iagnose listeriosis by  d e m o n s tra tio n  of seroconversion  in  a p p ro p ria te ly  
spaced acu te  an d  co n v alescen t sera . The d isa d v an tag e s  o f th is  te s t  are th e  necessity  for p re -a b 
sorp tion , th e  use of th ree  d iffe re n t te s t  antigens a n d  th e  need  for su b jec tiv e  in te rp re ta tio n . An 
enzym e-linked im m u n o so rb en t a ssay  (ELISA ) u sin g  so n ica ted  lis te ria  cells as th e  an tigen  in  a 
m ic ro titre  p la te  system  can  th eo re tica lly  overcom e th ese  shortcom ings. An E L IS A  for an ti-  
lis te ria l IgG  and  IgM was co m p ared  to  the IF A T  u sin g  sera from  bacterio log ica lly  confirm ed  
cases as p ositive  con tro ls a n d  sera  subm itted  fo r ro u tin e  rubella  serology as negative  con tro ls. 
T he E L IS A  m ethod  as te s te d  ap p ea red  to be less spec ific  th a n  th e  IF A T . As th e  serological d iag 
nosis o f listeriosis is com p lica ted  by  the  failure of th e  m ain  a n tib o d y  response to  sw itch from  IgM  
to  IgG  a f te r  in fection , a s im ila r  E L IS A  system  was u se d  to  d e te c t a n ti- lis te ria l IgA  an tib o d y . T his 
assay  d e tec ted  IgA  in  p a tie n ts  w ith  proven lis te rio sis b u t  n o t  in  th e  co n tro l p a tie n ts . I t  ap p ears 
to  be sensitive , specific a n d  easy  to perforin.

The im m une response  to  infection w ith  Listeria  includes b o th  hum oral 
and  cellu lar c o m p o n en ts , cross-reacts w ith  o th e r G rain-positive b ac te ria  and  
rem ains su b s ta n tia lly  as IgM  after in fec tion  [1]. These obstacles have h in d ered  
th e  developm ent o f  a d e fin itiv e  serological te s t . The s ta n d a rd  te s t for several 
years in th is  la b o ra to ry  h as  been the im m u n o flu o rescen t a n tib o d y  te s t  (IFA T ). 
Because enzym e-linked  im m unoassay  (E L IS A ) te s ts  have ad v an tag es  in th a t  
th e y  are usually  se n s itiv e  and  easy to  p erfo rm , th e  usefulness of E L IS A  te s ts  
was ev a lu a ted  for th e  d e tec tio n  of a n ti- lis te r ia l IgG , IgM  an d  IgA.

M aterials an d  m ethods

Patient sam ples. Sera fro m  24 cases of b ac terio lo g ica lly  p ro v en  lis te ria l infections were 
availab le  to te s t  by  IF A T  a n d  E LISA . P a ired  se ra  w ere availab le  in th ree  cases. C ontrols 
were ran d o m ly  selected from  se ra  sen t for ro u tin e  ru b e lla  serology. A d d itio n a l sera su b m itte d  
for in v es tig a tio n a l serology w ere  also tested  for an ti- lis te ria l an tibod ies .

I F A T .  L isteria  monocytogenes stra ins l /2 a , l /2 b  an d  4b, o b ta in ed  from  H . P. R. Seeliger 
were grow n o v e rn ig h t in  O xoid  T ry p tic  Soya B ro th , w ashed  th ree  tim es and  resuspended  in  
pho sp h a te-b u ffe red  saline (P B S ) (FA -Buffer, D ifco). Slides were p rep ared  of single sero types 
or a m ix tu re  of all th ree . T he cell density  was a d ju s te d  to  give an  even bac teria l layer and  50 p\
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d ro p s  were sp read  on each  well of 8-well F low  M u ltite st slides. T est sera were d ilu te d  1 : 20 
in  PB S  and  abso rbed  w ith  a s lu rry  of Staphylococcus aureus (O xford s tra in )  and  Streptococcus 
fa eca lis  (ATCC 19433) to  rem ove c ro ss-reac tin g  an tibod ies . A fter cen trifug ing , 30 ц \  d ro p s  of 
a p p ro p ria te  serum  d ilu tio n s in  PB S w ere ad d ed  to  te s t  wells and  slides w ere in c u b a te d  in  a 
m o is t cham ber fo r 15 m in  a t  35 °C. A fte r  w ash ing  th ree  tim es in P B S , 30 /Л of a w o rk in g  
d ilu tio n  (usually  1 : 400) o f flu o resce in -co n ju g ated  ra b b it  a n ti-h u m an  IgG  or IgM  (S ilenus 
L ab o ra to rie s , M elbourne, A u stra lia ), w as ad d ed  to  each well. T he slides were in c u b a te d  a 
fu r th e r  15-m in, w ashed , an d -o b serv ed  w ith  a L eitz  D ialux  20 E B  fluorescence m icroscope 
f i t t e d  w ith  a H B O -50 W  m ercury  in c id e n t l ig h t source and  12 filte r  system . T he en d -p o in t w as 
reco rd ed  as th e  h ig h es t d ilu tion  a t  w hich  m o d era te ly  b rig h t apple-green  fluorescence o ccu rred .

E L I S A .  T he th re e  stra in s  o f L iste ria  w ere grow n as described , suspended  in  0.1 м 
sod ium  ca rb o n a te  b u ffe r  (p H  9.5) an d  so n ica ted  th ree  tim es for a to ta l  o f 60 s. E q u al q u a n ti t ie s  
o f  th e  soluble frac tio n s  were com bined . F la t-b o tto m e d  m ic ro titre  p la te s  (N unc, R o sk ild e , 
D en m ark ) were co a ted  ov ern ig h t a t  4 °C w ith  50 /Л per well of th is  com bined an tig en . T h e  
w ells were w ashed  th re e  tim es w ith  P B S  co n ta in in g  0 .1%  Tween 20 (PB S-Tw een), an d  50 [A o f 
th e  ap p ro p ria te  serum  d ilu tio n  in E L IS A  b u ffe r  (0.1 м T ris hydroch lo ride  (pH  8.0), 0.5 N  N aC l, 
2 X 10“ 3; M  E D T A , 0 .05%  Tween 20, 5 X 10~5 м th iom ersa l, 0 .2%  bovine  serum  a lb u m in ) w as 
ad d ed  to du p lica te  wells. In c u b a tio n  w as fo r 60 m in  a t  room  tem p e ra tu re . D u p lica tes o f a  pool 
o f th e  th ree  s tro n g e st reac tin g  sera w ere assay ed  in  each ru n  as a po sitiv e  con tro l. A fte r  th e  
w ells were w ashed th ree  tim es in  PB S -T w een , 50 /il o f Silenus a ffin ity -p u rified  g o a t a n ti-h u m a n  
Ig G , IgM , or IgA  c o n ju g a ted  to  h o rse rad ish  p erox idase , was added  to  each well an d  in c u b a te d  
fo r 60 m in a t  room  tem p e ra tu re . T he a p p ro p ria te  d ilu tio n  of th e  co n ju g a te  was d e te rm in e d  b y  
checkerboard  t i t r a t io n  agains th e  an tig en . G enera lly , th e  con jugate  was d ilu ted  1 : 1000 fo r u se . 
A fte r  th e  wells w ere w ashed  th ree  tim es in  PB S-Tw een, 100 [Л o f 5 -am inohydroxybenzo ic  acid  
p u rif ied  by  th e  m eth o d  o f E llens and  G ielkens [2] w ith  hydrogen  perox ide  a t  a final c o n c e n tra 
t io n  of 6 X 10_3% , w as ad d ed  to  each  well. A fte r  60 m in, op tica l d en sity  a t  492 nm  w as m easu red  
w ith  a Flow  U n isk an  sp ec tro p h o to m ete r.

Results

There w as no sign ifican t d ifference in  IF  AT titre  w h e th e r or n o t th e  te s t  
a n tig e n  was th e  in fec ting  se ro ty p e . To com pare E L IS A  resu lts  th e  po sitiv e  
co n tro l was a rb itra r ily  assigned a v a lu e  of 100 E L IS A  U n it (100 U) an d  th e
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F ig . 1. C om parison of a n tilis te ria l IgG  leve ls m easu red  by  IF A T  and  E L IS A  in 18 a d u lts  ( ■ )  
a n d  6 n eo n ates  (▼) w ith  bacterio log ical ev idence  of listeriosis and  in  24 a d u lt  co n tro ls  ( □ )
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Fig. 2. C om parison of a n tilis te ria l IgM levels m easu red  b y  IF A T  an d  E L IS A  in  18 ad u lts  ( ■ )  
a n d  6 n eo n ates  (▼) w ith  bacteriological ev idence  of lis teriosis a n d  in  24 a d u lt co n tro l ( □ )

cu t-o ff w hich  would inc lude  the m ost n u m b e r of positives an d  exclude th e  m ost 
neg a tiv es  was estab lished  a t 35 U fo r  IgG  and  30 U  fo r IgM  assays. The de
te c tio n  o f IgG  and IgM  antibodies b y  IF A T  and  E L IS A  was com pared  in  
18 a d u lt an d  6 n e o n a ta l bacterio log ically  p roven  cases of listeriosis, an d  in  
24 ran d o m  controls (F igs 1 and  2). IF A T -Ig G  titre s  of > 4 0  were p re sen t in  
15/18 a d u lt cases b u t  n o t in  controls. C orrespond ing  E L IS A  values were >  35 U 
in 17/18 cases b u t 6/24 contro ls were ab o v e  th is  va lue . IFA T -IgM  titre s  were 
>  40 in  a ll 18 ad u lt cases and  5/24 con tro ls . E L IS A -IgM  titre s  were >  30 U 
in 13/18 a d u lt  cases, b u t  also in 4/24 co n tro ls . All n e o n a ta l sera were neg a tiv e  
in  all IF A T  and  E L IS A  tests . There w as a sign ifican t rise in  b o th  IF A T  an d  
E L IS A  titre s  w hen values for the  co n va lescen t sera w ere com pared  to  acu te  
sera in all th ree  ad u lt cases w here p a ired  sera  w ere av a ilab le  (Table I).

Table I

Comparison o f  IgG and Ig M  levels measured by I F A T  ( titres)  and E L I S A  ( E L IS A  un its ) in  
three pa irs o f  acute and convalescent sera fro m  patien ts with bacteriological evidence o f  listeriosis

P a tie n t
A cu te /co n v a le scen t serum

A В c

IFAT IgG <[20/80 <[20/160 < 2 0 /8 0
ELISA-IgG < 5 /7 1 < 5 /9 4 16/90
IFAT-IgM <[20/80 40/80 < 2 0 /4 0
ELISA-IgM 15/92 < 5 /6 9 < 5 /2 4
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F ig . 3 . T itra tio n  of a n tilis te r ia l IgA  in  tw o pools o f serum  w ith  (® ) and  w ith o u t (0 )b a c te r io lo g 
ical evidence of listeriosis

Serial d ilu tions o f sera from  cases an d  from  con tro ls w ere te s te d  for 
specific  IgA  a n tib o d y  (Fig. 3). E x a m in a tio n  of these dose-response curves in 
d ic a te d  th a t  a single d ilu tio n  a t 1 : 100 w ould m ost effectively  sep ara te  case 
a n d  contro l sera. T he positive co n tro l w as assigned a value of 100 U an d  th e

Table II

Results o f  E L I S A  IgA  tests on 118 serum specimens fro m  adults

Positive Negative
(>12 U) 6212 U)

B acteria l evidence of listeriosis 34 0
No bacteria l evidence of listeriosis 2 82

cu t-o ff  m ade a t 12 U , using th e  sam e rea so n in g  as before. A to ta l  of 118 sera  
w ere te s ted  for specific IgA a n tib o d y  a t  1 : 100 d ilu tion  (Table I I ) . The con tro l 
p a t ie n t  sera w hich w ere positive for a n tilis te r ia l IgA  com prised  1/36 su b m itte d  
fo r  lis te ria  in v e s tig a tio n  an d  1/48 for ru b e lla  serology. The f irs t  p a tie n t w as a 
-h eep  farm er w ho had  been tre a te d  w ith  m an y  an tib io tics for liver abscesses. 
D ra in ag e  su b seq u en t to  th e ra p y  w as sterile  and  ex tensive serology failed to  
rev ea l evidence of a n y  o th e r pa th o g en . T he serum  also show ed high ti tre s  of 
an tilis te ria l IgG  an d  IgM  w hen te s te d  b y  IF A T  and  E L IS A . T he second w as an  
a n te n a ta l  p a tie n t w ho la te r  suffered spon tan eo u s abo rtion . In su ffic ien t serum  
w as available for fu r th e r  te s ts  and  no fu r th e r  investiga tions w ere carried  o u t.
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D iscussion

M ost serological te s ts  for the d iagn o sis  o f listeriosis have problem s w ith  
cross—re a c tiv ity  a n d  w ith  the  overlap o f  response be tw een  no rm al and  in fec ted  
sub jec ts  [3]. The IF A T  has com parable se n s itiv ity  an d  specific ity  to  p rev io u sly  
described m icro ag g lu tin a tio n  [4, 5] a n d  com plem ent fix a tio n  [3] te s ts . T he 
E L IS A  Ig G  and  IgM  te s t  were sim ilar in  c h a ra c te r  to  th o se  prev iously  described  
[1, 6] in  th a t  th e y  w ere v e ry  sensitive b u t  lacked  p red ic tiv e  pow er. T hey  w ere 
no t as effective as th e  IF A T  in d istin g u ish in g  know n in fec ted  cases from  co n 
tro ls. T h is m ay  have  b e e n  due to  the  g re a te r  sen s itiv ity  of these  te s ts  in  d e te c t
ing sm all am o u n ts  o f a n tib o d y  or because th e y  m ay d e te c t cross-reacting  a n t i 
bodies. These te s ts  m a y  benefit from p re tre a tm e n t of sera sim ilar to  th a t  used  
in  th e  IF A T . N e ith e r te s t  detected  an tib o d ie s  in  neonates, as has been re p o rte d  
elsew here [7].

T he place of Ig A  antibodies in  th e  d iagnosis of in fectious diseases is 
un d er in v es tig a tio n . I t  has been proposed  th a t  it  co rre la tes  p a rticu la rly  w ell 
w ith  ac tiv e  in fection  [8]. In  the  assay d esc rib ed  here, a positive IgA  co rre la ted  
well w ith  bac te rio log ical evidence of l is te r ia  infection . O f th e  tw o positive sera 
from  th e  n o n -p roven  g ro u p , it  appears v e ry  like ly  th a t  th e  f irs t h ad  listeriosis 
and  i t  is a p o ssib ility  in  th e  second. A lth o u g h  th is  s tu d y  has only looked a t  
sm all n u m b ers , i t  a p p e a rs  th a t  this a ssay  m ay  p rov ide  a useful m ethod  for 
diagnosing listeriosis.
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SEROLOGICAL DIAGNOSIS OF LISTERIOSIS IN 
MAN, SHEEP AND RABBIT BY 

IMMUNOPEROXIDASE TECHNIQUE

У . B r i o n e s , L. D o m i n g u e z , M . D o m i n g o , A . M a r c o ,

J .  A .  R a m o s , J .  A . G a r c i a  an d  G . S u a r e z

D epartm ent o f  M icrobiology, Pathology a n d  Im m u n ity , Veterinary Faculty, M adrid , 
and  Department o f  A natom y, Pathology and H istology, Veterinary F aculty,

Barcelona, S p a in

D ue to  the  a lread y  dem o n stra ted  sp ec if ic ity  and  usefulness o f Listeria  in tra ce llu la r  
a n tig en  in  p a raffin -em b ed d ed  tissues for th e  d ire c t  d iagnosis, we have  used  an  in d ire c t im m u n o 
p ero x id ase  technique  fo r th e  serological d iag n o s is  o f lis te rio sis in  m an , sheep a n d  ra b b it .  
T his te c h n iq u e  has been com p ared  w ith o th e r  im m u n o p e ro x id ase  techn iques (P A P ) using  th e  
sam e a n tig e n , and  w ith  o th e r  serlogical te c h n iq u e s  — E L IS A  an d  m icrop late  a g g lu tin a tio n  
te s t  — u sin g  tw o kinds o f Listeria  antigens, liv e  fo rm alin ized  an d  h e a t a t  100 °C fo r one h o u r 
whole cells.

T h e serological diagnosis of lis te rio sis  is c u rre n tly  done b y  th e  m icrop la te  
a g g lu tin a tio n  te s t using  a heated  an d  try p s in iz e d  an tig en  or by  th e  in d irec t 
im m unofluorescence tech n iq u e  using ly o p h ilized  an tigens. These m ethods have  
a v e ry  low  fid e lity  because  of the  h ig h  ti tre s  found  on h e a lth y  in d iv id u a ls . 
C o n tac t w ith  ap a th o g en ic  lis te ria -re la ted  b a c te r ia  m igh t be th e  cause of th is  
p h en o m en o n , b u t, in  fa c t, these tests  do  n o t  d isc rim in a te  h e a lth y  ind iv id u a ls  
from  ca rrie rs  nor even from  h acterio log ically  d iagnosed p a tien ts .

T h e  a lready  d e m o n s tra te d  usefu lness of fo rm alin -fixed  p a ra ffin -em b ed 
ded tissu es  as source o f an tigen  in m a n y  im m unocy to log ica l diagnosis p ro ce
dures [1—7] and  th e  re lia b ility  of im m u n o p ero x id ase  techn iques [8—10] have  
induced  us to  the ap p lica tio n  of bo th  to  th e  serological d iagnosis of listeriosis. 
F u rth e rm o re , we have  developed an in  v iv o  form alin ized  w hole cells an tig en  
for its  use in  the  E L IS A  technique.

M aterials a n d  m ethods

A n tig en s . 1. Intracellular antigen. Swiss m ice  o f ab o u t 20 g w eigh t were in o cu la ted  w ith  
Listeria  monocytogenes o f se ro v ars  1, 3, 4, 6 and  7, a n d  Listeria  ivanovii se rovar 5. In o cu la tio n s  
were done b y  th e  in tra p e rito n ea l w ay w ith 0.5 m l o f  a 10 x 6 c .f.u ./m l suspension. A fte r sacrifice

D ieste V ictor B riones, L. Dominguez, J .  A . Garcia, G. Suarez 
M icrobio logia P a to ló g ia  Im m u n o ló g ia  A n im a l I.
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(48 h  p o st-in fec tion ) th e  liv e r w as rem oved  a n d  a d e q u a te ly  fo rm alin -fix ed /p a raffin -em b ed d ed . 
H isto lo g ica l cu ts o f a b o u t 3 /гт  th ick n ess w ere p re p a re d  an d  used  as in trace llu la r  an tigen .

2. I n  vivo fo rm a lin ized  whole cells. L is te riae  w ere grow n in  a shaken  b ra in  h e a r t  in fusion  
(H B I)  b ro th  for 24 h. A d o u b le-sa lted  b u ffered  fo rm a lin  w as ad d ed  to  th e  b ro th  (1 : 1) a n d  
a f te r  3 h  i t  was cen trifuged  a n d  w ashed in p h o sp h a te  b u ffer so lu tion  tw ice to  o b ta in  th e  cells. 
T h ey  w ere  th e n  resuspended  in  PB S  w ith  a 0.5 %  of phenol as a p reserva tive  ag en t an d  k e p t in  
re fr ig e ra tio n .

A ntisera . Sera from  m icrob io log ically  (m an , sheep) and  h isto p ath o lo g ica lly  (sheep) 
d iag n o sed  cases were used  as p r im a ry  a n tib o d y . Sera  from  n o t d iagnosed in d iv id u a ls  b u t p o si
t iv e  w ith  th e  m ic ro ag g lu tin a tio n  a n d /o r  I I F  te s ts  an d  n egative  con tro l sera w ere also te s te d . 
E a c h  r a b b it  an tise ru m  w as o b ta in e d  ag a in st a se ro v ar of L . monocytogenes (se rovars l /2 a ,  3a, 
4a , 4b , 4c, 4d and  7) an d  L . ivanovii [5] b y  h y p e rim m u n iz a tio n  of N ew  Z ealand  ra b b its  w ith  
live  b a c te r ia . E ach  serum  w as te s te d  to  d e te rm in e  th e  o p tim al w orking d ilu tion . A n tise ra  3a, 
4b a n d  7 were found  to  be o p tim a l a t  1 : 200; a n ti  4a, 4c and  5 a t  1 : 500; a n ti  4d a t  1 : 1000 
an d  a n ti  l /2 a  a t  1 : 2000 d ilu tio n s. These sera re ac h ed  an  hom ologous t i t r e  in  th e  MA of a b o u t  
1 : 5120 (d a ta  n o t show n). T h e  con tro l ra b b it  w as n o t inocu lated .

Bacteria. The s tra in s  u tilized  belong to  th e  SLCC an d  all th em  w ere se ro ty p ed  a n d  
k in d ly  b y  D r. H. P . R . Seeliger.

Indirect im m unoperoxidase. T he tech n iq u e  w as developed as follows [8 -10]: D ep ara f- 
fin iz ed  a n d  re h y d ra ted  as u su a l. In h ib itio n  of endogenous perox idase  was m ade using  a fresh ly  
p re p a re d  solu tion  of h y d ro g en  perox ide 33%  v /v  (500 /Л) in  m ethanol (15 nd). N orm al sw ine 
se ru m  (N SS), 10 m in. R insed  tw ice w ith  T ris b u ffer so lu tion  (TBS). P rim ary  an tib o d y  d ilu te d  
in  T B S  w ith  a 20%  of N SS, 30 m in. R insed tw ice  w ith  T B S. H orserad ish  p erox idase  co n ju g a ted  
se c o n d a ry  an tib o d y  (an tisp ecies) d ilu ted  in T B S /2 0 %  N SS, 30 m in. W ashed  in  th re e  changes o f  
T B S , 5 m in  each. D eveloped w ith  DAB in a im idazo le-H C l so lu tion  p repared  fresh ly  as follow s 
(2 m in ): im idazole, 1.5 g; d is tilled  w ater, 336 m l; HCl 1 N  11.25 m l; h y d rogen  perox ide , 3 3 %

Table I

Results o f  the I I P  test ivith serum dilutions 1 : 50

O v in e  se ra  ------------------------------------------------------------
l /2 a  3 a  4b

A n tig en s

4 b  4c 4d 5 7

s i — — —

s2 — — —
s3 — — —
s4 — — —
s5 — — —

s6 — — —
s7 — — —

s8 — — —
s9 — +  + +  +  +
slO — — +  +
s l l — + +  +
s l2 — — +  +
s l3 — — +  +
s l4 — — +  +
s l5 — — +  +  +
s l6 — — +  +  +
s l7 — — +  +
s l8 — — +  +
s l9 — — +  +
s20 — — +  +

— — —

-

—

+  +

—

- -

—

+  + - — — —

+  +  

+

+  +  
I

- - — —

- — — —

+ + + — —

+ + + — —

+ + + — —

+ + + — —
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v /v  84 /Л. W ashed  in  ta p  w ater for lO m in .C o u n te rs ta in in g w ith  m eth y len e  blue or h a em a to x y lin . 
D eh y d ra te  and m o u n t. Developed as d e sc rib ed , th e  tech n iq u e  will y ield  th e  re su lts  sh o w n  in  
F igs 1 and  2.

E L I S A  technique. M icrotiter f l a t  p la te s  w ere gelan tin ized  to  p rom ote  th e  a n tig e n  
adherence . The p re v io u s ly  obtained in  v iv o  fo rm alized  an tig en , d ilu ted  1 : 2 in  T B S, w as a d d ed  
to  th e  wells a n d  th e  m icroplate in c u b a te d  s tirr in g  a t  37 °C for 3 h . B ovine serum  a lb u m in  
(B SA ) d ilu ted  1 : 100 in TBS was ad ded  to  th e  wells an d  left in s tirr in g  overn igh t. In h ib itio n  of 
endogenous p e ro x id a se  was carried o u t  as b e fo re  described . W ashed  tw ice  in  TBS w ith  a 0 .1 %  
of T w een  20. P r im a ry  an tibody  d ilu ted  1 : 500 in  T B S w ith  a 0 .2%  o f BSA, 15 m in. W ash ed  
tw ice w ith  T B S /T w een . H orseradish p e ro x id a se  c o n ju g a ted  secondary  a n tib o d y  (an tisp ec ies) 
in th e  sam e w ay th a n  f irs t. W ashed w ith  T B S /T w een  th ree  tim es. D evelop ing  so lu tion : c itra te  
b u ffer, 50 m l; o rto -pheny lene-d iam ine, 40 / /g ; h y d ro g en  peroxide, 3 3 %  v /v  50 //1. R ead in g s  
m u st be done a f te r  no  m ore th an  2 m in . S u lp h u ric  acid  m ay  be used  to  sto p  th e  reac tio n .

M icroplate agglutination1 was c a rr ied  o u t as u su a l [11] b u t  u sing  th e  in  vivo fo rm alized  
a n tig en  d ilu ted  1 : 10 in  PBS w ith  a 0 .5 %  of sa fran in  0 .

R esu lts

R esults o f  th e  I IP  test are  show n  in  T ab les  I , I I  an d  I I I .  Sheep  se ra  
1-8  w ere ta k e n  from  healthy  an im a ls  a n d  show ed v e ry  low  titre s  (less th a n  
1 : 80) w ith  MA te s t .  Sera 9-12 , a lso  o b ta in e d  from  h e a lth y  an im als e x h ib ite d  
MA titre s  a t  le a s t 1 : 640. Sera 13—20 w ere received  from  tw o ovine lis te rio sis  
o u tb reak s a t  V izcay a  and B arcelona (S pa in ). H u m an  sera  1 an d  2 belonged  to  
m icrobiologically  diagnosed h u m a n  p a tie n ts  w ho developed  clinical signs. 
Sera 3—6 were o b ta in e d  from im m u n o d ep re ssed  p a tie n ts  w ho aqu ired  th e  in 
fec tion  su b seq u en tly . Sera 7 and 8 b e lo n g ed  to  a p p a re n tly  h e a lth y  people w ith  
a positive  t i tre  in  th e  I I F  te s t of a t  le a s t  1 : 1200. Sera 9 -1 1  w ere from  h e a lth y  
people w ith  a p o s itiv e  result in th e  I I F  te s t  a t  1 : 600 ti tre . F inally , 12 a n d

T able  II

Results o f  the I I P  test w ith serum dilutions 1 : 50

A n tig e n s

l /2 a 3a 4a 4b 4c 4d 5 7

h i +  + + + +  + _ _ _ _ _
h 2 +  + + + + + — + — — —

h3 + + + + + — — — — —

h4 — — + + — — — — —

h5
h 6

+  + — + + + — — — — —

h7 — — + + + — — — — —

h8
h9
Ы 0

- —

+ +

— - - - —

h l l
Ы 2

Ы З — —
-

—

-
—

- —
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Table I I I

Results o f  the I I P  test. Sera from  exeprim entally  inoculated rabbits

Sera*
A n tig en s

7l/2a 3 a 4a 4 b 4c 4 d 5

r l  (a n ti  l/2 a ) + + + +  + + — _ _ — —
r2 (a n ti 3a) + + + + + + + — + + — — +

r3 (a n ti 4a) — + + + + + + + + + — — -

r4  (a n ti  4b) — + + + + + + + + + + + + + +

r5 (a n ti  4c) +  + + + + + + + — — —
r6 (a n ti 4d) — — + +  + — + + + — —
r7 (a n ti  5) — + +  + + + + + + + + + + —

r8 (a n ti  7) — +  + + + +  + + + + — — + + +

r9 (contro l) — — — — — — — -

* D ilution 1 : 200 to  1 : 2000

13 belonged  to  h e a lth y  people who gave a neg a tiv e  re su lt in  th e  I I F  an d  MA 
te s ts .

R esu lts w ith  r a b b i t  sera are described  in  “ M ateria ls an d  m e th o d s” .
T he E L ISA  te c h n iq u e  yielded no  re p re se n ta tiv e  re su lts ; in fa c t, th is  

te c h n iq u e  is no t y e t  w ell standard ized  so as to  d iscrim inate  betw een  sera  from  
h e a lth y  and ill in d iv id u a ls , accordingly , th e  d a ta  are n o t show n. In  th e  sam e 
w ay , th e  m icrop la te  ag g lu tin a tio n  te s t  w as done w ith  th e  fie ld  sera  b u t  no 
re le v a n t differences b e tw een  really  po sitiv e  an d  o ther sera were recorded .

D iscussion

The resu lts of th e  I I P  reveal th e  possib ilities of th is  tech n iq u e  in  th e  
serological diagnosis o f  listeriosis. I t  is b a se d  upon  th e  evidence of those  lis te ria  
an tig en s  w hich are  exp ressed  when th e  b a c te r ia  are in  in tra c e llu la r  loca liza tio n  
in  th e  h ep a to cy tes  su rro u n d in g  th e  n e c ro tic  foci. T hey  can  be p ro te in  (flage l
la r? )  an tigens m ore specific  of genus th a n  th e rm o ré s is ta n t (som atic) an tig en s. 
T h e re  w as no s tr ic t  re la tio n  betw een I I P  reac tio n  in  fie ld  sera  and  th e  se ro v ar 
iso la ted . The h igh re a c tiv i ty  of the  4a a n tig e n  is an  im pressive fac t to  consider. 
A ll th e  really  p o sitiv e  sera  reacted  w ith  i t .  Some of th e  sera  from  h e a lth y  in d i
v id u a ls  also re a c te d  w ith  o ther te c h n iq u e s  b u t only  those  w ith  a v e ry  h igh  
t i t r e  (a t least 1 : 1200 in  I I F  and 1 : 1280 in  MA). W hen  these  titre s  w ere less 
th a n  1 : 1200 an d  1 : 640, respective ly , no o th e r reac tions occurred.

Sera from  im m unodepressed  in d iv id u a ls  ( tra n sp la n te d , ly m p h o m a , 
H odgk in ) also re a c te d  w ith  th is te c h n iq u e , show ing its  h igh  sen sitiv ity .

In  respect to  th e  E L IS A  and  M A ca rried  ou t w ith  th e  in  vivo fo rm alin ized  
an tig en , th e y  y ie ld ed  no significant d ifferences be tw een  rea lly  p o sitive  sera
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(sera from  m icrobiologically  d iagnosed  in d iv id u a ls) and  o th e r sera, show ing 
th e  im p o rtan ce  o f th e  in trace llu la r loca liza tio n  o f an tigens to  d isc rim in a te  sera  
from  tho se  in d iv id u a ls  w hich h av e  h ad  a rea l c o n ta c t w ith  p a th o g en ic  lis te riae  
from  o thers.

B ased  on th e se  facts we consider a p ositive  reac tio n  in  th e  I I P  using  ou r 
an tig en s  as an  in d ic a to r  of an  in ten siv e  c o n ta c t w ith  p a th o g en ic  lis te riae , 
regard less w h e th e r or n o t clinical signs developed. A t p resen t we c a n n o t d if
fe re n tia te  th e  se ro v ar responsible fo r an  in fec tion .
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PHOSPHOLIPASE C IN LISTERIA

E v a  M e n c í k o v á

Institu te  o f  M edical M icrobiology and Im m u n o lo g y , Charles U niversity  School o f  
M edicine , Prague, Czechoslovakia

T he co o p era tiv e  and an ta g o n is tic  effect o f ex trace llu la r b a c te ria l p ro te in s o f Strepto
coccus agalactiae, Rhodococcus equi, C orynebacterium  ovis, and Corynebacterium haem olyticum  
w ith  p ro te in s o f lis te ria l s tra in s  o f  various sources, species and  serovars of th e  m em b ran e  of 
sheep e ry th ro c y te s  was in v es tig a te d . Listeria  monocytogenes and  Listeria  ivanovii p roduce, 
beside  lis te rio ly s in , fu r th e r  p ro te in s. T heir specific  effec t on the  sheep e ry th ro c y te  m em b ran e  
becom es a p p a re n t a fte r  th e  a p p ea ran c e  of su b s ta n c es  produced  by  th e  o rg an ism s u n d e r s tu d y . 
T en  s tra in s  o f L . ivanovii p roduced  p hospho lipase  C responsible fo r th e  zone of in com plete  
haem olysis. I t  w as in h ib ited  b y  th e  n o n -h aem o ly tic  sphingom yelinase D of C. ovis a n d  C. 
haem olyticum . C hrom atograph ic  ana ly sis  rev ea led  th a t  phospholipase C sp lits  sph ingom yelin  in  
th e  m em brane  o f sheep e ry th ro cy te s . T he in h ib itio n  of double haem olysis o f L . ivanovii by  
sp hyngom yelinase  D of C. ovis on  a g a r p la te s  w ith  w ashed ( !) sheep e ry th ro c y te s  can  be 
u tilized  as a specific and rap id  id en tif ic a tio n  te s t  o f  L . ivanovii.

P ro d u c tio n  of haem olysin  in  L isteria  is correlated  w ith  th e ir  v iru lence. 
T herefo re, in  id en tific a tio n  an d  e v a lu a tio n  of th e ir possible pa th o g en ic  effect 
on th e  ho st, p roperties of s tra in s  c u ltiv a te d  usually  on sheep  blood ag a r are 
ta k e n  in to  consideration .

On ag ar w ith  w ashed sheep  e ry th ro c y te s  cultures o f Listeria monocyto
genes serovar 1/2 an d  se ro v ar 4a (s tra in  17/57) are su rro u n d ed  b y  a zone of 
com plete  haem olysis the  e x te n t of w hich  varies. In  ad d itio n , a second zone of 
incom ple te  haem olysis can  be observed  in  L . ivanovii. B e ta -haem olysis  is in 
duced  b y  so-called alpha-lis terio ly sin  w h ich  has long been  s tu d ied  [1] and  
su b seq u en tly  pu rified  and  ana lyzed  [2 -1 3 ]. A lpha-listerio lysin  has been  id e n ti
fied  as a classical oxygen-sensitive to x in , re la ted  w ith  s trep to ly s in  О an d  
ex h ib itin g  corresponding  bio logical p ro p e rtie s . The existence o f be ta-lis te rio ly - 
sin or listerio lysins has been assum ed [10] p rim arily  in h u m an  pa thogen ic  s tra in s  
w ith  a positive CAMP phenom enon  an d  th e ir  possible sign ificance for p a th o g e 
n ic ity  of Listeria  in  m an has been  suggested  [5 ,10 ]. P ro d u c tio n  of an e x tra c e l
lu la r  phospholipase С (E .C .3.1.4.3.) h y d ro ly z in g  lec ith ine  w as p ro v ed  b y  
L e igh ton  e t al. [11] in cu ltu re  f i l tra te  of L . monocytogenes B o ldy  grown a n ae ro 
bically .

E va  Me n c ík o v á
I n s t i tu te  o f  M edical M icrobio logy, and Im m u n o lo g y , C harles U n iv e rs i ty  School o f  M edicine 
S tu d n ic k o v a  7, 128 00 P ra g u e  2, C zechoslovakia
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Specific in te ra c tio n s  o f bacteria l p ro te in s  w ith  lip id ic  com ponents of 
e ry th ro cy te  m em b ran es  m ay  lead  to  th e ir  incom ple te  lysis or the  ly tic  effect 
m a y  n o t occur e t a ll (e.g. th e  sphingom yelinase D of Corynebacterium haemoly- 
ticum  and  Corynebacterium ovis is non -haem oly tic) or th e ir  effect is m an ifested  
o n ly  a fte r in te ra c tio n  w ith  p ro d u c ts  of o th e r  b a c te ria  (e.g. classical CAM P 
te s t  in  Streptococcus agalactiae or p o te n tia tio n  of Listeria  haem olysis b y  ch o 
lestero l oxidase o f Rhodococcus equi).

M aterials and m ethods

W e stud ied  th e  e ffe c t o f ex trace llu la r p ro d u c ts  o f S. agalactiae (CAM P factor), R . equi 
(cholestero l oxidase) a n d  sph ingom yelinase  D of C. ovis a n d  C. haem olyticum  on the  h a em o ly tic  
a c t iv ity  of various species o f  Listeria  [12]. T he co llection  (T able I) in c lu d ed  a  to ta l of 85 s tra in s

Table 1

M odification o f haemolytic activity o f  Listeria by extracellular proteins o f  different bacterial species
( nutrient agar with sheep erythrocytes)

L is te r ia  species
N u m b er 

o f s tra in s S . agalactiae R . equi
C. ovis 

C. haemo  
ly ticu m

L . innocua  
L . seeligeri 13
L . m urrayi

- 4 9 — 17
L . monocytogenes 62 — +  17 +  45
L . ivanovii 10 + + I N H

— negative  
+  p o ten tia tio n  
I N H  inhibition

o f w hich 13 were n o n -h aem o ly tic  (L isteria  innocua, L isteria  seeligeri a n d  Listeria m u r r a y i) , 
62 w ere L . monocytogenes se ro v ars  1/2, 4a and  4b, a n d  10 were L . ivanovii. The tes ts  w ere  p e r 
fo rm ed  on 2%  n u tr ie n t  a g a r  (TS agar b io-M érieux) w ith  2 %  sheep e ry th ro cy te s  w ashed w ith  
p h o sp h a te  physio logical sa lin e  (sph ingom yelinase  D is in h ib ited  b y  th e  serum ). The c u ltu re s  
w ere incu b a ted  18 h  a t  37 °C.

R esults and discussion

In  n o n -h aem o ly tic  s tra in s  iso la ted  from  carriers or from  outer e n v iro n 
m en t, the  areas o f com b in ed  effects of p ro d u c ts  of th e  s tra in s  tested  rem a in ed  
unch an g ed . O u t o f L . monocytogenes s tra in s  iso la ted  from  p a tie n ts  and an im als , 
haem olysis w as in c rea sed  in  13 s tra in s by  R . equi in d e p e n d e n tly  of the se ro v ar, 
a n d  in  45 s tra in s  b y  C. ovis or C. haem olyticum , also in d ep en d en tly  of se ro v ar. 
D ifferen t resu lts  w ere o b ta in ed  in L . ivanovii. The collection  includes th e
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p ro to ty p e  s tra in  Iv a n o v  6613, o th e r  s tra in s  w ere iso la ted  by  D r. E lischerová 
from  com m ercial m ea t, re c ta l sw abs o f p a tien ts  an d  an im als, one s tra in  w as 
iso la ted  from  h u m a n  p lacen ta  a fte r  de livery  of a dead  fetus. In  all s tra in s  of 
L . ivanovii th e  incom ple te  haem olysis w as s ign ifican tly  p o te n tia te d  b y  CAM P

Fig. 1. C ooperative  h aem o ly tic  effect of phospholipase  C of L . ivanovii an d  S. agalactiae an d  its  
in h ib itio n  b y  sph ingom yelinase  D (C . ov is). N u tr ie n t  agar w ith  2%  w ashed sheep e ry th ro cy te s , 
in cu b a tio n  a t  37 °C for 18 h. 1 =  L . ivanovii, s tra in  К  54; 2 =  S . agalactiae ; 3 — C. ovis

F ig. 2. C ooperative  haem olysis o f crude p hospho lipase  C (L . ivanovii) and  ex trace llu la r p ro te in s 
from  R . equi. N u tr ie n t a g a r w ith  2%  w ashed  sheep e ry th ro cy te s , phc =  phospholipase  C 

(L. ivanovii s tra in  К  54) purified  from  b ro th  cu ltu re  b y  am m onium  su lp h a te
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F ig . 3. D em o n stra tio n  o f phospholipase  C of L . ivanovii b y  m eans of coopera tive  a n d  an tag o n is
tic  haem olysis w ith  R . equi, S . agalactiae a n d  C. ovis. N u tirc n t ag ar w ith  2 %  w ashed  shee 
e ry th ro c y te s ; in cu b a tio n  a t  37 °C for 18 h. 1 — L . ivanovii, s tra in  К  11; 2 =  S . agalactiae;

3 =  R . equi; 4 =  C. ovis

fa c to r  and  cholestero l oxidase of R . equi an d  was in h ib ited  b y  sph ingom yeli
nase  D.

T he coopera tive  haem olysis o f L . ivanovii an d  S. agalactiae sim ilarly  to  
th e  CAM P te s t w ith  Staphylococcus aureus , is tr ian g u la r , and  is shovel-shaped 
w ith  R . equi. The a n tag o n is tic  effect o f sph ingom yelinase D induces an  inverse 
C A M P phenom enon  on ly  in the  zone of incom plete  haem olysis (F ig . 1).

T he resu lts  o b ta in ed  ind ica te  t h a t  L . ivanovii p roduces phospholipase C. 
In  o rder to  d e m o n s tra te  th e  enzym e su p e rn a ta n ts  of s ta tio n a ry  cu ltu res of 
L . ivanovii s tra in s  in c u b a te d  in  B H I fo r 48 h a t  37 °C were p re c ip ita ted  w ith  
am m o n iu m  su lp h a te , dialyzed ag a in st d istilled  w a te r (18 h a t  4 °C) and  
d ia ly sa tes  were used  in  te s ts  on ag ar w ith  w ashed  sheep e ry th ro cy te s  as a crude 
to x in . A fter in cu b a tio n  the  pu rified  p re p a ra tio n  induced  a zone of double 
haem olysis a t th e  p e rip h e ry  of wells to  w hich  i t  was added . T he incom plete 
haem olysis  was in h ib ite d  in  the  d iffusion  area  of sphingom yelinase D of C. ovis 
NCTC 4655 pu rified  b y  D r. Soucek of th is  In s t i tu te . I t  cleared a sickle-shaped 
a rea  a fte r  tre a tm e n t w ith  p ro te in s o f R . equi an d  S. agalactiae (F ig. 2). A n 
analogous p u rific a tio n  of L . monocytogenes serovar 4a (s tra in  22/72) te s te d  
sim u ltan eo u sly  in d u ced  only  b e ta-haem olysis  of sheep e ry th ro cy tes .

U sing the  m e th o d  of N elson [13] we p rep ared  a ch lo ro fo rm -m ethano l 
e x tra c t  of lipids from  sheep e ry th ro cy te s  and , a f te r  tre a tm e n t w ith  phospho li
pase of L . ivanovii, analyzed  it  b y  th in -la y e r c h ro m a to g rap h y  on silicagel 
im p reg n a ted  p ap e r W h a tm a n  No. 3 [14] developed  in a so lvent system  diisobu-
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ty lk e to n e-ace tic  a c id —w a te r  (40 : 30 : 7) and  d e tec ted  b y  R hodam ine B. As 
com pared  w ith  co n tro l (lipids in cu b a ted  w ith  h e a t- in a c tiv a te d  purified p re p a 
ra tio n ), n a tiv e  p h o spho lipase  degrades sph ingom yelin  in  th e  ex trac ted  lip ids 
whose spo t a lm o st d isap p eared  on th e  ch ro m ato g ram .

I t  can th u s  be con luded  th a t  syn thesis of p h o spho lipase  C is a c h a ra c te r
istic  m ark er of L . ivanovii (Fig. 3). D em o n stra tio n  of th e  enzym e in fresh ly  
iso la ted  s tra in s  b y  m eans of th e  te s t of coopera tive  or a n tag o n is tic  haem olysis 
w ith  R . equi, S. agalactiae an d  C. ovis can be u sed  as a specific  and  fast id e n ti
fica tio n  te s t for L . ivanovii. In  experim en ts w ith  an im als  (rab b it, m ouse), a 
d irec t effect of L isteria  phospho lipase (le thal, d e rm o n ecro tic , cap illary -tox ic) 
could n o t be d e m o n s tra te d .
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7. V accination  and im m u n ity

A TEN YEAR’S EXPERIENCE WITH INACTIVATED 
VACCINE AGAINST LISTERIOSIS OF SHEEP

G y . S z e m e r é d i  and M . P a d á n y i

Central Veterinary Institu te , B udapest, and  P hylaxia  Veterinary B iologicals Co.,
B udapest, H ungary

E fficacy  of p re v en tiv e  use of an  in a c tiv a te d  vaccine was co n tro lled  th ro u g h  several 
y ea rs  in  24 fa rm s on 32 124 v acc ina ted  a n d  35 880 u n v acc in a ted  (con tro l) sheep. D ea th  due  
to  lis teriosis was 273 (0 .85% ) in th e  v acc in a ted  a n d  462 (1 .2 9 % )in  th e  n o n -v acc in a ted  groups. 
V acc in a tio n  in  th e  a cu te  phase  of th e  disease  w as p e rfo rm ed  in  5 flocks, on  10 303 an im als , 
leav ing  9 781 as u n v acc in a ted  controls. In  m o st flocks, d ea th s due to  lis teriosis ceased or becam e 
m in im ized  7-10  days p o st-v acc ina tion . In  to ta l  59 (0 .57% ) of th e  v a cc in a ted  a n d  251 (2 .56% ) 
o f th e  n o n -v acc in a ted  an im als died as a re su lt  o f listeriosis.

T he failure of th e rap eu tic  a t te m p ts  aga in st listeriosis of sheep has 
p ro m p te d  researchers to  develop specific  con tro l procedures.

C ertain  researchers recom m end live vaccines m ade e ith e r  from  av iru len t 
or from  m o d era te ly  v iru len t s tra in s . O lson e t al. [1] and  Iv a n o v  [2] conducted  
successful ex p erim en ts  w ith  a t te n u a te d  lis te riae . K o ty lev  e t al. [3] an d  Id riso v  
an d  Sedov [4] re p o rte d  ex tensive s tu d ies  on th e  im m u n o g en ic ity  of an  a t te 
n u a te d  s tra in  designated  A U F  from  th e  Soviet U nion. M ayer an d  S teng  [5] 
fo u n d  an  av iru len t s tra in  su itab le  fo r vaccine p rodu c tio n  an d  o b ta in ed  good 
resu lts .

D ijk  e t al. [6] s tud ied  th e  im m u n o g en ic ity  of an  in a c tiv a te d  vaccine  
an d  estab lish ed  th a t  w ith  effective a d ju v a n ts  a vaccine of good a n tig en ic ity  
could  be p roduced . Polish  researchers [7, 8] ach ieved  good re su lts  w ith  a u to 
vaccines. Yockel [8] rep o rted  th a t  au to v acc in es  h ad  been used  in  P o lan d  since 
1975 an d  th e ir  use sign ifican tly  red u ced  losses b y  listeriosis. K cm p sk i [7] co n 
firm ed  th ese  observations, add ing  th a t  th e  disease canno t be e rad ica ted  w ith  
fo rm ol vaccines; how ever, losses can  be red u ced  su b s ta n tia lly ; th e  in a c tiv a te d  
vaccine  e lab o ra ted  b y  G raham  an d  Lew is in  1961 was sim ilarly  effective.

In  ex p erim en ts  conducted  in  1962, we achieved  good re su lts  w ith  a form ol 
vaccine  adso rbed  to  alum in ium  h y d ro x id e  gel [9]. E xperience  gained  d u ring  
th e  p a s t  10 years has encouraged  us to  re p o rt these  resu lts.

Gy u l a  Sz e m e r é d i
C e n tra l V e te rin a ry  I n s t i tu te
T á b o rn o k  u . 2 , H -1149 B u d a p e s t,  H u n g a ry
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The d irec tion  of research  in  H u n g a ry  has been dete rm in ed  b y  th e  u n e 
q u ivoca l s ta te m e n t m ad e  b y  th e  v e te r in a ry  au th o ritie s  accord ing  to  w hich no 
new  live b ac te ria l vaccines shall be p u t  in to  c ircu la tion .

Vaccine p ro d u c tio n  com prised  th e  follow ing s tu d ies , (i) Selection of 
s tra in s  w ith  good im m unogen ic  p o te n tia l, (ii) S tu d y  o f th e  in ac tiv a tin g  effect 
o f v a rious co n cen tra tio n s  of d ifferen t p rese rv a tiv es  on Listeria  cu ltu res, w ith  
special regard  to  m ild  in a c tiv a tio n  an d  to  im m u n o g en ic ity  of th e  vaccine, 
(iii) D e te rm in a tio n  o f  op tim u m  vaccine density , (iv) Selection of ex p ed ien t 
vaccine a d ju v a tin g  m eth o d s.

M aterials an d  m ethods

Organisms. F ro m  s tro n g ly  h aem oly tic  s tra in s  o f h igher v iru lence vaccine of b e tte r  
im m u n o g en ic ity  can be p ro d u ced . F o u r Listeria  monocytogenes s tra in s  (th ree  of serovar 1/2 and  
one of serovar 4) were u sed  fo r vaccine p ro d u c tio n .

Inactivating effect o f  various concentrations o f  different preservatives. I t  was surprising  
th a t  Listeria  cu ltu res  p ro v e d  to  be h ighly  re s is ta n t . Phenol, b e ta -p ro p io lac to n e , an d  e thy lene  
im ide did n o t kill these  b a c te r ia  even in  h igh  co n cen tra tio n s . M erth io la te  in a co n cen tra tio n  
of 1 : 10 000 and  0 .2%  fo rm alin  in a c tiv a te d  th e  cu ltu res  in  72 h . M erth io la te -in ac tiv a ted  
c u ltu re s  proved  to possess b e tte r  an tigen ic  p ro p erties .

Vaccines were o f o p tim u m  density  i f  th e y  were p re p are d  from  cu ltu res co n ta in in g  
3 X 109 b ac teria  pe r ml. A good ad ju v a tin g  effec t w as achieved i f  1 m l of th e  vaccine con ta in ed
0.007 to  0.008 g A l(O H )3. T h e  vaccine was p re p a re d  and  used in  th e  p rac tice  on th e  basis o f th e  
above  experience.

Vaccination  w as c a rried  o u t p rim arily  in  fa rm s w here liste rio sis occurred  every  y ear 
an d  gave rise to  su b s ta n tia l  losses. A p reco n d itio n  of th e  v a cc in a tio n  experim ents w as to  use 
u n v acc in a ted  contro l an im a ls  in  th e  sam e n u m b er as v acc in a ted  sheep . T his is d ifficu lt to  carry  
o u t  u n d e r  p ractica l c o n d itio n s. T herefore, v a cc in a tio n  of a w hole flock  was also accep ted  if  
sheep k e p t u n d e r th e  sam e m an ag em en ta l, feed ing  and  hygien ic  conditions w ere used  as 
con tro ls.

T he dose of th e  v acc in e  w as 5 ml. To p ro long  im m u n ity , a n o th e r  v acc ina tion  is recom 
m en d ed  3 to  6 w eeks a f te r  th e  f irs t  one. L am b s younger th a n  6 w eeks shall no t be v acc in a ted .

R esults

The ex p erim en t com prised  a to ta l  o f 47 fa rm s: 38 ag ricu ltu ra l co -opera
tiv e s , 8 s ta te  farm s a n d  a sheep en te rp rise . A to ta l  o f 63 639 sheep (55 290 
m a tu re  anim als, 6128 grow ing sheep a n d  2221 lam bs) w ere v accinated  tw ice. 
57 878 sheep (49 241 m a tu re  an im als, 5994 grow ing sheep  and  2643 lam bs) 
w ere k e p t under th e  sam e m an ag em en ta l, feeding an d  hygienic cond itions an d  
se rved  as u n v a c c in a ted  controls.

In  24 farm s p re v e n tiv e  v acc in a tio n  was used: here  listeriosis ap p eared  
on ly  la te r , th u s th e  ex p erim en t could  be ev a lu a ted  in  th e  v acc in a ted  an d  
co n tro l group. On th e se  farm s 32 124 sheep  were v a c c in a ted  and  35 880 served  
as u n v acc in a ted  co n tro l. In  th e  v a c c in a ted  group 273 (0 .85% ), w hereas in  th e  
con tro l group 462 sheep  (1.29% ) died  o f listeriosis (T able I). S ta tis tica l e v a lu a 
tio n  of th e  d a ta  in d ic a te d  th a t  th is  d ifference w as h ig h ly  sign ifican t (P < 0 .0 0 1 ) .
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Table I

Vaccination o f  sheep with an  inactivated vaccine against listeriosis

N u m b e r o f  sheep  
d y ing  o f  lis te rio sis  P ercen tage

I. N um ber o f sheep v acc ina ted  tw ice w ith  
p rev en tiv e  purposes

3 2  1 2 4  2 7 3  0 .8 5

N um ber o f con tro l anim als
3 5  8 8 0  4 6 2  1 .2 9

I I .  N u m b er o f sheep v acc ina ted  tw ice against 
listeriosis (ev aluated  from  day  8 as of the 
f irs t vaccination)

1 0  3 0 3  3 9  0 .3 7

N um ber o f con tro l sheep
1 0  7 1 1  3 2 1  2 .9 9 6

In  18 fa rm s th e  te s t  v acc in a tio n s  could n o t be e v a lu a te d  since n e ith e r 
cases of listeriosis n o r d ea th s  caused  b y  th is  disease o ccu rred  am ong th e  v a c 
c in a ted  and  co n tro l an im als.

A lthough  ou r vaccine w as recom m ended  for p re v e n tiv e  v acc in a tio n  only , 
in  5 farm s 10 303 sheep suffering  from  acu te  listeriosis w ere vacc in a ted . T he 
m ost sp ec tacu la r re su lts  w ere ach ieved  precisely in  these  fa rm s: while p revacci
n a tio n  losses a m o u n ted  to  3 % , a fte r  th e  firs t v acc in a tio n  losses decreased to  
0 .36%  an d  2 w eeks la te r  d ea th s  ceased to  occur.

In  th e  m a jo rity  o f cases v acc in a tio n  reactions w ere observed n e ith e r 
a fte r  th e  f irs t n o r a fte r  th e  second vacc ina tion . O n c e r ta in  fa rm s some of th e  
v acc in a ted  sheep show ed a tra n s ie n t e leva tion  of bo d y  te m p e ra tu re  and  listless
ness la s tin g  a few  days. T he vaccine d id  n o t have an y  tis su e -irr ita tiv e  effect, 
no  abscess fo rm a tio n  occurred , only  th e  subcu taneous n ode  ch arac teris tic  of 
th e  adsorb ing  o rgan  w as observed.

D iscussion

In  our op in ion  th e  te s t  v acc in a tio n  have reached  th e ir  goal: on large 
num bers of an im als, u n d e r large-scale  conditions i t  has b een  p roved  th a t  th e  
te s t  vaccine effec tively  reduces th e  losses caused b y  listeriosis.

A ctive im m u n iza tio n  is recom m ended  in  sheep flo ck s w here listeriosis 
occurs from  y e a r to  y e a r an d  causes su b s ta n tia l losses. In  su ch  fa rm s p reven tive  
v acc in a tio n  is reco m m en d ed : w here possible, th e  f irs t  v acc in a tio n  shall be 
com pleted  by  th e  en d  of N o v em b er a t  th e  la te s t, since a t  t h a t  tim e  th e  sheep 
are  n o t y e t k e p t in  closed b a rn s . E xperience  and  p ra c tic a l observations m ade
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b y  v e te rin a rian s  suggest t h a t  a t  th a t  tim e  th e  sheep posses a f irm  resistance 
w h ich  is a p recond ition  o f sa tis fac to ry  im m u n ity . T he second  vaccination  
so h u ld  be carried  ou t a b o u t 2 to  3 w eeks before te rm . B y  th is  m e th o d  passive 
im m u n ity  can be con ferred  on th e  h ig h ly  susceptib le lam bs v ia  th e  colostrum .

V accination  is reco m m en d ed  n o t on ly  for p rev en tiv e  pu rp o ses  b u t also 
to  con tro l o u tb reak  of lis terio sis . E x p erien ce  shows th a t  7 to  10 days a fte r the  
f i r s t  v acc ina tion  a s u b s ta n tia l  decrease occurs in  th e  losses, an d  losses are 
p ra c tic a lly  e lim inated  w ith in  2 w eeks, especially  a fte r th e  second  vaccination .

F o r m a tu re  sheep th e  vaccine dose is 5 ml su b cu tan eo u sly , as fa r  as pos
sib le  in  th e  cervical reg ion . L am bs y o u n g e r th a n  2 m on th s fa il to  develop im 
m u n ity , p resum ably  because  of th e ir  y o u n g  age. T herefo re, ac tiv e  im m uniza
tio n  of th is  age group c a n n o t be recom m ended .

V accinations shall be carried  o u t ev e ry  year as specified  in  th e  recom m en
d a tio n s .

F ie ld  experience h as  convinced  us th a t  su itab le  co n tro l m easures m ake 
v a cc in a tio n s  m ore effec tive  (e.g. if  sheep  are k ep t u n d e r closed conditons for 
th e  sh o rte s t possible tim e). H ow ever, da ily  exercise of th e  an im als  can  only be 
o m itte d  if  it  is m ade im possib le by  u n fa v o u ra b le  w ea th er cond itions. The sheep 
can  be  k ep t in good b o d y  cond ition  b y  offering them  feeds rich  in  v itam ins and  
su p p le m e n te d  w ith  selen ium  sa lts. G o o d -q u a lity  silage can  be fed  w ith o u t an y  
r isk . Should disease cases associa ted  w ith  silage feeding occu r, i t  is advisable 
to  in te r ru p t silage feed ing  for 2 to  3 weeks. S u b seq u en tly , how ever, sm all 
q u a n titie s  of silage can  be g iven ag a in . As far as possib le, forage and  silage 
sh a ll be p laced on a feed ing  rack  ra th e r  th a n  d irec tly  on th e  g round  or litte r , 
to  p re v e n t co n tam in a tio n  w ith  e a r th  an d  faeces w hich m ig h t co n ta in  listeriae. 
I n  th e  spring, sheep sh a ll be tu rn e d  o u t to  p as tu re  as ea rly  as possible.

In  our days a rtif ic ia l synch ro n izasio n  of lam bing  is a d is tin c t possib ility . 
A tte m p ts  shall be m ad e  to  tim e  lam b in g  so as to  avoid  th e  m ost hazardous 
periods.
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EXPERIMENTAL LISTERIOSIS IN IMMUNIZED
SHEEP

E v a  M e n c íic o v á , J .  S n i r c , D . G u b r a n , J .  S m o l a  an d  M . M á r a

In stitu te  o f  M edical M icrobiology and Im m u n o lo g y , Charles U niversity  School o f  
M edicine , Prague B ioveta , N itra , and School o f  Veterinary M ed ic in e ,

B rn o , Czechoslovakia

Sheep im m unized  w ith  live  or in a c tiv a te d  vaccine were ch allen g ed  w ith  a  v iru len t 
s tra in  of Listeria  monocytogenes. C linical m an ifes ta tio n s , p e n e tra tio n  of lis te riae  in to  th e  
m ucous m em branes and p e rsistence  in  o rgans w ere n o ted . B acteriaem ia  cau sed  b y  in trav en o u s  
in jec tio n  of h igh  doses of v iru le n t s tra in  d isap p ears  in  3 days. R ead ily  a f te r  inocu la tion , 
lis te riae  p e n e tra te  in to  th e  g a s tro in te s tin a l t r a c t  w here th ey  p e rsis t fo r 8 days. L isteriae  
ap p ear from  th e  3rd day in  th e  co n ju n c tiv a  an d  n asa l m ucous m em b ran es w ith  clinical sy m p 
tom s of co n ju n c tiv itis  and  rh in itis  w hence th e y  are  e lim inated  in 8 to  14 d ay s. T he b ra in , liver 
and  spleen of an im als th a t  d ied  in  5 to  7 d ay s w ere loaded  w ith  lis te riae . O rgans from  im m une 
an im als sarificed  14 days a f te r  challenge w ere n eg ativ e  b y  cu ltiv a tio n  ev en  w hen  listeriom as 
w ere in  th e  liv e r  and  spleen. R ap id  p e n e tra tio n  a n d  persistence of lis te riae  a re  an  expression 
of th e ir  in creased  affin ity  to  ep ith e lia  o f system s w hich  are  n o t only th e  p o r ta l  o f th e ir  e n try  
b u t  even th e  site  of th e ir  seco n d ary  p ro p a g a tio n  an d  th u s  a source of in fec tion .

In  in d u s tr ia l m ea t p ro d u c tio n , large-scale sheep b reeds m ay  be p o ten tia l 
sources o f an  increased occurrence of in fec tiv e  diseases. In  Czechoslovakia, 
sheep m o rta lity  caused b y  lis te ria -in fec tio n s has an  increasing  ten d en cy . An 
in a c tiv a te d  vaccine in a lipo id  a d ju v a n t (paraffine  oil w ith  A rlacel an d  Tw een 
80) “ L is ta k o l”  was developed  for im m u n iza tio n  of sheep in  large-scale  b reeds. 
I ts  effic iency  w as com pared  w ith  th a t  o f a live vaccine p re p a re d  from  Listeria  
innocua  (“ W elsh im er” ) ad m in is te red  w ith  th e  iden tica l a d ju v a n t  in  d iv ided  
doses.

M ateria ls and  m ethods

G roups of 3-m onth-o ld  lam b s fro m  h e a lth y  b reeds, in  w hich  lis te rio sis  d id  n o t occur 
accord ing  to  v e te rin a ry  e x am in a tio n , w ere used  fo r te s tin g  b o th  vaccines. A fte r  im m u n iza tio n  
w ith  2 doses o f a given vaccine a d m in is te red  a t  14 d ay s in te rv a ls  in tra m u sc u la r ly  (L istako l) or 
su b cu tan eo u sly  (W elshim er) th e  lam b s (b o th  e x p erim en ta l and  con tro l) w ere in fec ted  w ith  
109-1 0 10 c .f.u . o f th e  v iru le n t L isteria  monocytogenes RNV-1 (serovar l /2 a )  iso la ted  from  th e  
b ra in  o f a lam b  w ith  liste ric  en cep h alitis . T h e  in fec tiv e  dose was ap p lied  to  th e  ju g u la r  vein , 
14 days a f te r  th e  recall vaccine  dose.
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T em p era tu re , c lin ical s ta te  (co n ju n c tiv itis , n asa l d ischarge, re sp ira to ry  d isorders, a ta x ia , 
e tc .)  were followed in  in d iv id u a l anim als. A t su itab le  in te rv a ls  b lood  w as collected for c u ltiv a 
t io n  (0, 1, 2, 3, 5 d ay s) a n d  sm ears were ta k e n  from  th e  co n ju n c tiv e  sac, nose an d  rec tu m . 
S u rv iv in g  sheep w ere k illed  14 days a fte r  th e  in fec tion  a n d  th e ir  b ra in s , livers an d  spleens 
w ere  exam ined b y  c u ltiv a tio n . T he C zechoslovak s ta n d a rd  m eth o d  w as u sed  fo r haem o cu ltiv a - 
t io n . Sw abs w ith  m ucous m em b ran e  sam ples w ere f irs t c u ltiv a ted  in  V I b ro th  (M ichalany) a t 
4 °C and  th en  exam ined  as described by F en lo n  [1, 2] using  sheep  b lood  agar and  selective 
m ed ia . G row th of L . innocua  W elshim er w as in h ib ited  in  th e  se lec tive  m edium .

R esults

B acteraem ia  in d u ced  b y  th e  in trav en o u s  a d m in is tra tio n  of 2 X 1010 of 
L .  monocytogenes R N V -1 la s ted  for 2 d ays in  con tro l an im als , and , on th e  th ird  
d a y , listeriae w ere e lim in a ted  from  th e  circu lation . U n til 8 h  a fte r in fec tion  
lis te riae  en tered  th e  g as tro in te s tin a l t r a c t ,  w here th e y  p e rs is ted  for up to  8 days. 
I n  tu n ic a  co n ju n c tiv a  th e  b ac te ria  w ere d em o n stra ted  beg inn ing  w ith  th e  2nd  
d a y  and up to  6 th  d a y  a fte r  th e  in fec tion , even a fte r  d isap p earan ce  of clinical 
sym ptom s. C u ltiv a tio n  find ings of sm ears from  n asa l m ucous m em brane co r
re la te d  w ith  th e  m ax im u m  p o s itiv ity  (100% ) a fte r  4 days. The presence o f
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F ig . 1. L isteriae on  m ucous m em branes o f lam b s im m unized  w ith  in a c tiv a te d  (L istako l) o r 
liv e  vaccine (W elshim er) challenged  in trav en o u s ly  w ith  109 c.f.u . L . monocytogenes R N V  1. -j- no 
an im als died; fram ed  fig u res , dead  a n im a ls /to ta l  (d ays); solid  co lum ns, rec tu m ; open col

u m n s, nose
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Iisteriae on th is  ty p e  o f  m ucous m em brane is p ro longed  (8 days, ra re ly  14 
days) an d  continuous.

N e ith e r of th e  vaccines induced  a suffic ien t im m u n ity  against th e  
le th a l effect of th e  h ig h  infective dose adm in iste red . L iste riae  were e lim inated  
from  th e  blood tw o d ay s  a fte r th e  in fec tion  only in  lam b s th a t  had  died a fte r  
longer tim e  in te rva ls  or in  anim als th a t  h a d  su rv ived  fo r 14 days. The invasion  
and  p ersistance  of lis te riae  in  ta rg e t m ucous m em branes w ere also no t in f lu 
enced b y  th e  im m u n iza tio n . The onset o f clinical sy m p to m s in  anim als th a t  su b 
seq u en tly  died had  b een  fa s t (beginning w ith  th e  2nd day). T he disease p roceed
ed as sepsis, th e  m ucous m em branes s tu d ied  w ere s ig n ifican tly  affected.

O rgans of an im als th a t  h ad  died up  to  7 days w ere flooded  w ith  lis teriae . 
M ean values reached  1.3 X 10s in th e  b ra in , 1.9 X Ю7 in th e  spleen and  2.8 X 10° 
in  th e  liv er (c.f.u. p er 1 m g of hom ogenized tissue). T he organs of im m unized 
an im als k illed a t  th e  en d  of th e  ex p erim en t were n eg a tiv e  according to  c u lti
v a tio n  te s ts , even in  th e  case o f a ra re  histo logical fin d in g  o f listeriom s in  
th e  spleen and  liver.

F igure  1 shows resu lts  of an analogous ex p erim en t in  w hich the  sheep 
were in fec ted  w ith  109 c.f.u . of L . monocytogenes RNY-1 corresponding  to  
L D 50 for lam b . In  b o th  groups of im m unized  anim als, all b lood cultures ta k e n  
1-5 days a fte r th e  in fec tio n  were nega tive , m o rta lity  decreased  considerab ly  
and th e  in fection  w as o f a la te n t ty p e . In  3 of 6 co n tro l an im als a secondary  
tra n s ie n t b ac te raem ia  associated  w ith  clin ical m an ifesta tio n s and  su b seq u en t 
d ea th  w ith in  5-12 d ay s could be d e tec ted  tw o days a f te r  th e  infection . Colo
n iza tio n  of m ucous m em branes b y  th e  v iru len t s tra in  w as n o t su b s ta n tia lly  
in fluenced  even in  th is  experim en t.

D iscussion

T he role of a lim e n ta ry  tra c t  as an  en tran ce  gate  in  n a tu ra l listeriosis has 
been d em o n stra ted  a n d  verified  esperim en ta lly  [3—7]. C olonization of th is  
t r a c t  can  be fa v o u ra b ly  in fluenced  b y  th e  indigenous b ac te ria l flo ra  [6]. O n 
th e  basis of th e  s tu d y  of affin ity  of lis te riae  to  cells o f h u m an  cn terocy to  like 
cell line CaCo-2 th a t  a re  perm issive for haem oly tic  lis te riae  [7] suggested th a t  
en te ro cy tes  are no t on ly  a p o rta l of e n try  of v iru len t s tra in s  h u t also sites 
of th e ir  p rim ary  m u ltip lica tio n . C on junctiva , nasa l m ucous m em brane an d  
re sp ira to ry  tra c t  are less freq u en tly  re fe rred  to  as th e  p o r ta l  o f en try  of n a tu ra l  
or ex p erim en ta l in fec tions. The p resen t observa tion  of th e  rap id  invasion  b y  
th e  v iru le n t s tra in  a n d  its  persistence on m ucous m em b ran es as a resu lt of in 
duced b ac te raem ia  ca n  be considered as a fu r th e r  d em o n stra tio n  of a ff in ity  o f 
lis teriae  to  ep ithe lia  o f these  system s th a t  can  be a p o rta l of en try  and  also 
th e  site  of secondary  m u litp lica tio n  an d  th u s  a source o f th e  infection.
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COMPONENTS OF LISTERIA MONOCYTOGENES

S a r a  B. G a l s w o r t h y , S .  T i n g , D. F e w s t e r  an d  A. P a v a n

D e p a r t m e n t  o f  M i c r o b i o l o g y  a n d  I m m u n o l o g y ,  U n i v e r s i t y  o f  W e s t e r n  O n t a r i o ,  
L o n d o n ,  O n t a r i o ,  C a n a d a

R esistance to  m u rin e  listeriosis requ ires hum oral fac to rs  w h ich  a lte r  p ro d u c tio n  or 
d e liv e ry  of m onocytes to  in fec tiv e  foci. P ro d u c tio n  of such facto rs is u n d e r  genetic  con tro l and  
m ay  be m odulated  by  b ac te ria l com ponen ts. Two com ponents fro m  L i s t e r i a  m o n o c y t o g e n e s ,  
m onocytosis p roducing a c t iv ity  (M PA) an d  im m unosuppressive  a c t iv ity  (ISA ) were used  to  
s tu d y  m onocytopoiesis in  m ice w ith  kno w n  abnorm alities in  m ic ro p h ag e-re la ted  functions. 
L i s t e r i a - sensitive A /J  m ice fa il to  p ro d u ce  or respond  to M PA or a n  endogenous m ed ia to r of 
m onocy tosis (E F). T hese  s tu d ies  p ro v id ed  evidence th a t  a second h u m o ra l facto r, decreases 
m onocytopoiesis. Sera fro m  A /J  m ice are  m ore active  in  th is  re sp ec t a n d  M PA tre a tm e n t 
in creases th e  am o u n t o f in h ib ito ry  fac to r in  A /J  m ice. A po lyclonal 13 cell a c tiv a to r, ISA , 
w h ich  induces suppressor sp lenic m acrophages, suppresses th e  an ti-S R B C  response in  re s is tan t 
BIO. A  mice b u t n o t in  A /J  mice. ISA  in d u ced  no change in p ro s ta g la n d in  E2 p ro d u c tio n  b y  
sp leen  cells of e ither s tra in . One in te rp re ta tio n  of these  find ings is t h a t  A /J  m ice a fte r  s tim u la 
t io n  b y  ISA  or M PA, p ro d u ce  a su b stan ce  w hich  in h ib its  develo p m en t o f m ononuclear p h ag o 
cy te s .

D uring listeriosis m acrophages ac t as a site for b a c te r ia l rep lica tion , 
p ro te c t the  host, and  suppress h u m o ra l and  ce ll-m ed ia ted  im m u n ity  [1-3].

Two separab le  com ponen ts from  Listeria  affect p ro d u c tio n  and  function  
o f m acrophages. A m onocy tosis-p roducing  agen t (M PA ) induces a tra n s ie n t 
endogenous fac to r (E F ) w hich increases p ro lifera tion  of m onocy te  precursors 
in  th e  bone m arrow  [4]. M P A -trea ted  mice ex h ib it en h an ced  phagocytic  a c ti
v i ty  b u t  no im m unosuppression . A polyclonal В cell a c tiv a to r  suppresses th e  
im m u n e  response in  v ivo  [5] b y  in d uc ing  splenic m acrophages (O tokunefor 
an d  G alsw orthy, su b m itted ).

The h e te ro g en e ity  of m acrophages has been rev iew ed  [6]. We do no t 
kno w  w hether th e  p ro d u c tio n  of d is tin c t subclasses of m acrophages is reg u la ted  
b y  com m on endogenous m ed ia to rs. W e app roached  th is  q u estio n  b y  m easu ting  
th e  effect of M PA and  ISA  on m acrophage function  of in b re d  s tra in s of m ice.

M aterials and m ethods

B a c t e r i a l  e x t r a c t s .  M PA  a n d  ISA  w ere p rep ared  form  L i s t e r i a  m o n o c y t o g e n e s  sero type  
l /2 a  as described [7].

M i c e .  Mice of th e  BIO. A /SgSn a n d  A /J  were o b ta ined  fro m  Ja c k so n  lab o ra to ires, B ar 
H a rb o r , M aine, and  used  a t  8 to  12 w eeks of age.

Sa r a  B . Ga lsw o r th y , S. T in g , D . F e w s t e r , A . P ava n
D e p a r tm e n  o f  M icrobiology a n d  Im m u n o lo g y , U n iv e rs i ty  o f W e ste rn  O ntario  
L o n d o n , O n tario , C anada  N 6 A  5C1
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Table I

E f f e c t  o f  m i x i n g  f r a c t i o n s  f r o m  M P A  t r e a t e d  m i c e  c . f . u . - m  i n  b o n e  m a r r o w  o f  B I O . A  m i c e

S u b s tan c e  in je c te d A d d itio n  to1 serum
c.f.u . m/104 

B one M arro w  cells 
12 h a f te r  in je c tio n ; 

n =  12

B10.A-M PA. S12 B 10.A -PB S S12

0.1 ml nil 17.63 ±  1.85
0.05 ml 0.05 ml 2 4 .80± 3 .41
0.01 ml 0.09 ml 2 6 .6 3 ± 4 .6 3
0.005 ml 0.095 ml 1 5 .8 8± 3 .56

0.10 ml 9 .8 ± 2 .7 1

A /J-P B S S12

0.05 ml 0.05 ml 1 0 .1 0 ± 3 .0
0.01 ml 0.09 ml 10 .6 2 ± 2 .9 8
0.005 ml 0.095 ml 1 2 .50± 2 .98

nil 0.10 ml 2 .6 2 ± 1 .1 9

A/.I-M P.'L S12

0.05 ml 0.05 ml 5 .1 2 ± 1 .7 2
0.0] ml 0.09 ml 4 .5 ± 1 .9
0.005 ml 0.095 ml 2 .9 ± 1 .6

nil 0.10 ml 2 .9 ± 1 .1

P r e p a r a t i o n  o f  s e r u m  s a m p l e s .  Mice w ere in jec ted  in tra p e rito n ea lly  w ith  0.5 mg M PA 
o r p h o sp h a te-b u ffe red  sa line  (PB S). A t 12 h  a fte r  th e  in jec tion  m ice w ere an aesth e tized  w ith  
e th e r  a n d  blood was o b ta in e d  b y  card iac  p u n c tu re  [4]. Serum  from  M PA  tre a te d  mice was 
d e s ig n a ted  BIO. A M PA S12 or A /J-M PA -S -12  a n d  serum  from  P B S -in jec ted  m ice B.10.A 
P B S  S12 or A /J-P B S-S -12 .

M e a s u r e m e n t  o f  c . f . u .  Mice w ere in jec ted  in trap erito n ea lly  w ith  0.5 mg M PA in PB S 
o r P B S , or in trav en o u s ly  w ith  0.1 m l serum . B one m arrow  cells w ere o b ta in e d  24 h  a fte r 
in je c tio n  of MPA or 12 h  a f te r  in jec tio n  of serum  an d  cu ltu red  for 7 d ay s in  g ro w th  m edium  as 
d esc rib ed  [8]. A t th e  end  of th e  in cu b a tio n  period  th e  cu ltu res w ere r in sed , and  sta in ed  by 
G iem sa ’s m ethod  and  th e  n u m b er o f m acro p h ag e  colonies coun ted  as d escribed  [8].

M e a s u r e m e n t  o f  i m m u n e  r é p o n s e .  T he in  v ivo im m une response to  SR B C  was assessed  by 
m easu rin g  th e  nu m b er o f IgM  p laq u e-fo rm ing  cells (p .f.c.) in  spleens 4 d ay s a f te r  im m uniza tion  
u s in g  th e  C unningham  slide  m o d ifica tio n  [9] of th e  Je rn e  p laque assay  tech n iq u e  [10].

M e a s u r e m e n t  o f  p r o s t a g l a n d i n  s y n t h e s i s  i n  s p l e n o c y t e  c u l t u r e s .  Splenocytes (З х Ю 6 
cells /m l) were cu ltu red  a t  37 °C as described  [5] w ith  th e  follow ing m o d ification . S tan d ard  
c u ltu re  m edium  was su p p lem en ted  w ith  FCS w hich  was tre a te d  w ith  a c tiv a te d  charcoal to 
re m o v e  endogenous p ro s ta g la n d in s , cen trifuged  for 30 m in to  rem ove th e  ch arco al, and  sterilized 
b y  f i lt r a tio n . Q u ad ru p licate  cu ltu res  w ere used  for each ex p erim en tal p o in t. A t th e  ap p ro p ria te  
t im e , in cu b a tio n  m ix tu re s  w ere cen trifu g ed  a t  1700 g  for 10 m in a n d  th e  a m o u n t of PG E-2 
in  su p e rn a ta n t  was d e te rm in e d  by  rad io im m u n o assay  [11].

R esu lts

R esults are show n in  T ab le  I  an d  Figs 1 and  2. W e te s te d  fo r th e  presence 
o f an  in h ib ito r in  sera  o f A /J  m ice. T he resu lts , in  T able I , suggest th a t  an  in 
h ib ito ry  fac to r is p re se n t in  even  B10.A -M PA -S12 since d ilu tio n  in  norm al se-
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D ose (m g )

m g  of ISA

Fig. 1. E ffec t of ISA  on th e  an ti-S R B C  response. Mice (4 pe r group) w ere in jec ted  in tra p e rito n e - 
a lly  w ith  th e  in d ica ted  dose of ISA  an d  im m unized  w ith  2 X 108 SR B C  24 h la te r. T he n u m b er 
o f SR B C  p laq u e  form ing cells w as d e term ined  96 h  a f te r  im m u n iza tio n . P an e l A: BIO. A  m ice;

B: A /J  m ice

ru m  enhances ac tiv ity . Sera from  u n tre a te d  A /J  mice decreased th e  a c tiv ity  
of B10.A -M PA -S-12 an d  also suppresses th e  baseline response of BIO.A m ice. 
Sera  fro m  M P A -trea ted  A /J  mice caused  an  even g rea te r in h ib ito n . T re a tm e n t 
of m ice w ith  ISA  24 h p rio r to  im m u n iza tio n  suppressed  im m une responses to  
SR B C  in  BIO. A b u t n o t in  A /J  mice. T re a tm e n t of BIO.A or A /J m ice w ith  
suppressive  doses of IS A  d id  n o t a lte r  th e  su b seq u en t p a tte rn  of P G E -2  p ro 
duc tio n  b y  splenocytes. In d o m e th ac in  fa iled  to  a lte r  suppression  (or la ck  of it) 
in  e ith e r  s tra in  (results n o t show n). These resu lts  are co n sis ten t w ith  th e  no tio n  
th a t  suppression  is n o t m ed ia ted  by  P G E -2 .
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F ig . 2. P ro s tag lan d in  p ro d u c tio n  in  sp lenocyte  cu ltu res . Mice were in jec ted  w ith  ISA  (1 m g 
in tra p e rito n ea lly )  or P B S . T w en ty -fou r hours a f te r  sp lenocy tes were p laced  in  cu ltu re  m ed ium . 
S u p e rn a ta n t  flu ids w ere  o b ta in e d  from  cu ltu res  a t  th e  tim es in d ica ted , poo led  and  PG E -2  
levels m easured  by  rad io im m u n o assay . V alues re p re se n t th e  m ean  for 4 cu ltu res  ^  s ta n d a rd  
d e v ia tio n . 0 — — О IS A -tre a te d  m ice, s tr ip p ed  FC S; Д — — Д P B S -tre a te d  m ice, s tr ip p ed
F C S ; • ------•  IS A -tre a te d  m ice, norm al FCS; a -------a P B S -tre a te d  m ice, n o rm al FCS. P a n e l A :

A /J  m ice; В : B10. A mice

Discussion

M PA causes in c reased  p ro d u c tio n  of m acrophages w hich do n o t suppress 
th e  im m une response. W e have show n elsew here th a t  M PA acts b y  s tim u la tin g  
p ro d u c tio n  of an  endogenous fac to r, E F , w hich  in  tu rn  enhances rep lica tio n  
o f m acrophage p recu rso rs  in  th e  bone m arro w  [4, F ew ste r an d  G alsw orthy ,
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su b m itte d ]. W e have also show n th a t  A /J  mice are defective in  th e ir  ab ility  
to  p ro d u ce  or respond to  E F . T he p re se n t re su lts  suggest th a t  A /J  m ice possess 
a h u m o ra l fac to r w hich ab ro g a tes  th e  a c tiv ity  of E F  an d  th a t  in jec tio n  of 
M PA increases th e  p ro d u c tio n  of th e  in h ib ito ry  factor.

IS A  induces suppressor m acrophages in  th e  spleen. IS A  suppressed  th e  
-S R B C  response in  BIO.A b u t n o t in  A /J  m ice. In  fact, th e  response  w as en 
hanced  u n d e r these circum stances, possib ly  due to  the  В cell m itogen ic  effect 
o f th is  p rep a ra tio n . O th ers  have  a t tr ib u te d  to  p rostag lan d in s  a role in  th e  
m acro p h ag e-m ed ia ted  suppression  in d u ced  b y  im m une com plexes [12] or by  
in fec tion  w ith  Listeria  [13]. We were unab le  to  d em onstra te  an y  suppressor 
fac to r in su p e rn a ta n ts  of spleen cell cu ltu res  from  IS A -trea ted  m ice (O tokune- 
for, u n p ub lished ). We found  th a t  levels of PG E-2 produced  b y  sp leen  cells 
from  BIO .A  and  A /J mice w ere co m p arab le  and  were n o t a lte red  b y  p re tre a t
m en t o f m ice w ith high doses of ISA . P re tre a tm e n t of mice w ith  in d o m eth ac in  
d id  n o t a lte r  th e  an ti-S R B C  response in  e ith e r  s tra in  or th e  effect of ISA . We 
conclude th a t  suppression is n o t m ed ia ted  by  PG E-2.

T hese resu lts suggest th a t  fa ilu re  of A /J mice to  develop  suppressor 
m acrophages a fte r ISA  tre a tm e n t an d  th e ir  failure to  enhance m onocytopoiesis 
a f te r  M PA  tre a tm e n t m ay  he due to  a com m on in h ib ito ry  facto r.
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CELLULAR IMMUNE RESPONSE TO LISTERIA  IN 
GENETICALLY RESISTANT AND SUSCEPTIBLE 

MOUSE STRAINS

W i e s l a w a  R u d n i c k a , H . D l u g o n s k a , M. C h m i e l a ,

B .  P A Z I A K - D O M A N S K A  a n d  A .  W l E W I O R A

D epartm ent o f  Im m unology , U niversity  o f  Lodz, Lodz , Poland

R e la tiv e ly  Listeria -re s is ta n t  C57B1/6 m ice a n d  m ore susceptib le to  th e  in fec tion  D B A /2 
mice w ere im m u n ized  w ith  L iste ria -an tigen  (LA ). Im m unized  D B A /2 m ice developed w eaker 
delayed  h y p e rsen s itiv ity  to  LA and  still e lim in a ted  lis te riae  less e ffectively  th a n  id en tica lly  
im m unized  C57B1/6 m ice. A n accessory fu n c tio n  o f L A -pulsed  m acrophages o f norm al C57B1/6 
mice w as o n ly  s lig h tly  en h an ced  as com pared  w ith  LA -pulsed m acrophages of D B A /2 m ice. 
I t  is suggested  th a t  som e su p p resso r ly m p h o cy tes , Ig M + an d /o r F c R + , could be responsib le  
for th e  en h an ced  su scep tib ility  o f D B A /2 m ice to  listeriosis.

G rea te r a n ti-lis te ria l resistance of C 57B1/6 mice as com pared  w ith  D BA /2 
mice is associa ted  w ith  an  increased accu m u la tio n  of in flam m ato ry  m acro
phages an d  n eu tro p h ils  in  th e ir  p e rito n ea  an d  an  increased  cap ac ity  of th e ir  
n eu tro p h ils  to  re s tr ic t lis te riae  g row th  [1]. O n th e  o th e r h an d  in n a te ly  re s is ta n t 
C57B1/6 m ice have  in  th e ir  spleens a h ig h e r n u m b er of В cells b ind ing  Listeria  
an tigen  (LA ) th a n  m ore susceptib le D B A /2  mice [2]. I t  has been suggested  
th a t  som e an tig en  specific  m echanism s can  be also invo lved  in  an  enh an ced  
resistance  of C57B1/6 m ice to  listeriosis. T he p resen t w ork  w as d esigna ted  to  
com pare th e  effect of im m u n iza tio n  w ith  LA  on th e  expression  of a n ti-lis te ria l 
resistance  of C57B1/6 a n d  DBA /2 mice a n d  th e  developm ent of de layed  h y p e r
sen sitiv ity  to  LA. An accessory  fu n c tio n  o f th e  m acrophages o f im m unized  mice 
and  th e  p ro life ra tio n  of th e ir  spleen cells in  th e  presence of LA was also ev a 
lu a ted .

M aterials and m ethods

S tra in s and antigens. A n a v iru len t W elsh im er's  s tra in  o f Listeria  ioncua  an d  a v iru le n t  
s tra in  o f L isteria  monocytogenes were used. T he b a c te r ia  were grow n o v e rn ig h t a t  37 °C in  
try p tic a se  soy  b ro th  su p p lem en ted  w ith  v ita m in  B. A soluble frac tio n  of W elsh im er’s s tra in  was 
ob ta in ed  b y  th e  m eth o d  of W oan  e t al. [3].

M ice, im m u niza tion  and protection. In b re d  C57B1/6 and  D B A /2 m ale m ice 2 -4  m o n th s 
old w ere  u sed . T he av erag e  le th a l dose of v iru le n t  L . monocytogenes was 107 organ ism  fo r 
n o rm al C 5 7 B l/6 m ice  an d  105 fo r D B A /2 m ice. LA  (50 fig  em ulsified  w ith  incom plete  F re u n d ’s 
a d ju v a n t)  w as su b cu tan eo u sly  in jec ted  in to  th e  fo refee t and  b o th  sides. Six days la te r  no rm al 
and  im m u n ized  m ice w ere in tra p erito n ea lly  in fec ted  w ith  v iru le n t L . monocytogenes. T he 
n u m b ers  o f  live  b a c te ria  in  th e  spleens were e s tim a te d  [1].

W ie sl a w a  R u d n ic k a , H . D l u g o n s k a , M. Ch m ie l a , B. P a z ia k -D o m a n sk a , A. W ie w ió r a  
D e p a r tm e n t o f  Im m u n o lo g y , U n iv e rs i ty  o f  L odz 
B an ach a  12/16 , 90-237 L ódz , P o la n d
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Delayed h yp ersensitiv ity . D elayed  reac tio n  w as e lic ited  on th e  6 th  d a y  of im m u n iza tio n  
b y  in jec ting  50 fig  o f LA  in  0.02 ml o f sa line  in to  a  h in d  fo o tp ad . T he fo o tp ad  th ick n ess w as 
m easu red  w ith d ia l g auge  calipers before an d  a f te r  (24 h , 48 h) in jec tion .

Spleen cells pro lifera tion . Spleen cells w ere h a rv es te d  from  th e  m ice of th e  6 th  d a y  of 
im m u n iza tio n . T h ey  w ere  c u ltu red  in  M edium  199 co n ta in in g  0 .2-100 fig  o f L A /m l an d  su p p le 
m en te d  w ith 8%  fe ta l c a lf  serum , 2%  m ouse serum , 2 т м  L-glu tam ine, 50 fiM 2 -m ercap to e th an o l, 
20 т м  H E P E S , 100 U  pen ic illin , 100 fig  s tre p to m y c in  pe r ml. T he cells (106/w ell) were c u ltu red  

i n  96-well m ic ro tite r p la te s  (F a lcon) for 3 or 4 d ay s w ith  th e  ad d itio n  of 0.5 ^aCi of 3H -th y m id in e  
on  th e  2nd or 3 th  d ay . T h e  in co rp o ra tio n  of 3H -th y m id in e  was de te rm in ed  by  using  a sc in ti l la 
t io n  counter. Spleen cells w ere frac tio n a ted  in  th e  follow ing w ay. In c u b a tio n  of th e  cells in  
P e tr i  dishes (G reiner) fo r 1.5 h  a t 37 °C, y ielded  p las tic  n o n -a d h ere n t cells. A p a r t  o f such  cells 
w as ad d itionally  p u rif ied  over a ny lon  wool co lum n accord ing  to  th e  m eth o d  of Ju liu s  e t al. 
[4]. A no ther p a r t  o f p la s tic  n o n -ad h eren t cells w as in cu b a ted  for 2 h  a t  37 °C in P e tr i  d ishes 
(G re in e r) coated w ith  ra b b it  IgG  an tib o d ies , an ti-m o u se  IgM  (100 до/m l,  24 h a t  4 °C) — a n ti  
m o u se  IgM coated  p la s tic  n o n -ad h eren t cells.

Accessory fu n c tio n  o f  macrophages. P e rito n e a l a d h e re n t m acrophages (1 X  104) fro m  th e  
m ice  being 5 days p re v io u s ly  in tra p e rito n ea lly  in je c te d  w ith  10 fig  o f Con. A were d ispensed  
in  fla t-b o tto m ed  96-well m ic ro tite r  p la te s  (F a lcon), p re tre a te d  w ith  LA (100 до/m l) fo r 1.5 h  
a n d  th e n  w ashed p rio r  to  ad d itio n  of T  cells. L y m p h  node cells o b ta in ed  from  th e  m ice 6 d ay s 
a f te r  im m uniza tion , w ere  d ep le ted  in p las tic  a d h e re n t cells and th en  p u rified  over a ny lo n  wool 
co lu m n  — T im m une cells. 1 X  10fi o f T  cells w ere ad d ed  to  each well con ta in ing  L A -pulsed  
m acrophages. The cells w ere cu ltu red  for 3 d ay s , w ith  th e  ad d itio n  of 0.5 f i d  of 3H -th y m id in e  
on  th e  2nd day.

R esu lts

Six days im m u n iza tio n  w ith  50 fig  o f  LA w ith  incom plete  F re u n d ’s a d 
ju v a n t  enhanced th e  e lim ina tion  of L. monocytogenes from  th e  spleen of b o th  
lis te ria -res is tan t C 57B 1/6 and  lis te ria -suscep tib le  D BA /2 mice (Table I). H ow 
ev er, im m unized  C57B1/6 mice e lim in a ted  L . monocytogenes m ore effectively  
th a n  im m unized D B A /2  mice.

Im m unized  D B A /2  mice developed w eaker delayed  reac tio n  th a n  id e n 
tic a lly  im m unized C57B1/6 mice (T able I I ) . T he accessory fu n c tio n  of th e  
m acrophages of im m u n ized  DBA /2 m ice was also sligh tly  decreased as co m 
p a re d  w ith the  m acrophages of C57B1/6 m ice (Table I I I ) .

There w as n o t a n y  difference in  th e  p ro lifera tion  of th e  spleen cells from  
im m unized  C57B1/6 an d  DBA/2 mice if  th e y  were cu ltu red  during  3 days in

T ab le  I

The effect o f  im m uniza tion  on the e lim ination o f  L . monocytogenes fro m  the spleens

Mice P rim in g
N u m b e r o f b a c te ria  x 103 spleen

48 h 96 h

C57R1/6 none Listeria 51 .0 ± 1 6 .0 48 .9 ± 1 1 .9
C57B1/6 LA v iru len t (10’) 5 .9 ± 2 .6 2 .3 ± 0 .3

DBA/2 none Listeria 50 .1 ± 1 5 .9 399 .7±250 .6
DBA/2 LA v iru len t ( 101 ) 9 .0 ± 0 .6 130 .5±81 .2

Mice were im m unized w ith  50 fig of LA w ith incom plete F reu n d ’s ad ju v a n t: 6 days la te r  
th e y  w ere i.p. infected w ith  L . monocytogenes
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T ab le  I I

Delayed hypersensitivity to L A

Mice
F o o tp a d  th ick n ess  (m m ) 

24 h  48 h

C57B1/6 1 .0 1 ± 0 .2 2  0 .5 2 ± 0 .2 8

D BA /2 0 .6 4 ± 0 .1 2  0 .2 4 ± 0 .0 8

Mice w ere im m unized w ith  50 /ig o f LA w ith  im com plete F re u n d ’s a d ju v a n t;  6 days la te r 
th ey  were challenged w ith  50 Mg of LA

T ab le  I I I

Accessory fu n c tio n  o f  the macrophages

Cells
cpmx 102/culture

C57B1/6 D B A /2

LA -pulsed m acrophages and 
T  im m une lym phocytes 184.3±25.4 116,6±10.5

N on-pulsed  m acrophages and 
T  im m une lym phocytes 18.8±1.8 14 .4±4.6

N on-pulsed  m acrophages and
T  im m une lym phocytes and  LA 328.8±22.9 241.8±l(t.9

Peritoneal m acrophages (1 X 104) from  norm al mice were pulsed  w ith  LA (100 Mg/ml) and 
th e  cultures w ith  lym ph  node T cells (1 X 106) from  th e  mice im m unized w ith  LA  6 days previously

th e  presence of LA. The response w as dose dep en d en t an d  th e  o p tim a l concen
tra t io n  of th e  an tig en  was b e tw een  20-100 [ig /m l(F ig . 1). H ow ever, in  4 days 
cu ltu res th e  cells o f C57B1/6 m ice still responded  in ten s iv e ly  to  such  doses of

35

30

25
Hi

i  20
3

15
b

“  10 
a

Listeria antigen gig/ml

F ig. 1. P ro life ra tio n  of im m une sp leen  cells in  th e  p resence of LA. Sp leen  cells from  LA im 
m unized m ice w ere cu ltu red  for 3 ( ---------- ) o r 4 ( ----------- ) d ay s in  th e  m ed iu m  contain ing  LA
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Table IV

Proliferation o f  im m une spleen cells o f  D B A /2  mice in  4 days cultures

Cells
c p m x  102/cu ltu re

LA

U nfractionated

Plastic n o n -ad h eren t

Anti-m ouse IgM  coated p las tic  non-ad
herent

Nylon wool no n -ad h eren t

7 .4 ± 0 .6

2 2 .4 ± 1 .8

7 4 .9 ± 9 .6

16 3 .9 ± 2 0 .9

1 8 .3 ± 1 .0

1 1 .4 ± 6 .9

3 7 .6 ± 1 1 .5

4 .8 ± 1 .9

The spleen cells w ere o b ta ined  from  D B A /2 mice 6 days a fte r  im m uniza tion  w ith  10s 
L . inociia cells. They w ere cu ltu red  for 4 days in  th e  m edium  co n ta in ing  20 pg  of LA/m!

L A  while the  p ro life ra tio n  of th e  cells of DBA/2 m ice w as in h ib ited . The in 
h ib itio n  of the p ro life ra tio n  of th e  spleen cells of im m u n ized  D B A /2 mice was 
p ro b a b ly  caused b y  th e  ny lon  wool ad h eren t cells because  rem o v in g  of such 
cells restored  th e  a b ili ty  of D B A /2 spleen cells to  re sp o n d  well to  20 pg of 
L A /m l (Table IV). T h e  reac tio n  of D BA /2 spleen cells to  th is  dose o f LA was 
also  increased a fte r  rem o v in g  th e  cells adhesive to  th e  p las tic  co a ted  w ith  r a b 
b i t  IgG  antibodies a n ti  m ouse IgM .

D iscussion

The resu lts show ed th a t  in n a te  difference in  a n ti- lis te r ia l resistance 
b e tw een  C57B1/6 an d  DBA/2 mice w as m ain ta ined  a fte r  im m uniz ing  them  w ith  
so luble  LA. Also th e  delayed  h y p ersen sitiv ity  to  LA, considered  as ind isp en 
sab le  for the ap p earen ce  of acq u ired  an ti-lis teria l res is tan ce  [5], w as w eaker 
in D BA /2 mice. I t  can  be exp la ined  b y  a tendency  of D BA /2 mice to  sw itch  on 
suppresso r m echanism s, specially  in  th e  presence of h ig h er doses of LA. The 
suppresso r cells w ere am ong th e  ny lon  wool ad h e ren t ly m p h o cy tes , IgM + 
a n d /o r  F c R +. An increase in th e  n u m b e r of F c R + cells in th e  tissues of Listeria  
in je c te d  susceptib le to  listeriosis B alb /c  mice was d em o n stra ted  [6].
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THE IMMUNOLOGICAL PROPERTIES OF 
LISTERIAL COMPLEX El

M . M á r a , К . N o u z a , C. J o h n , J .  P r û c h o v a , J .  O c e n a s k o v a ,

H . S e STÁKOYÁ, J .  H r IBALOVÁ and E . M e n c í k o v á

Institu te  o f  M edical M icrobiology and Im m unology, Charles U niversity School o f  
M edicine, Ú E M  C S A V , Prague, S Ú K L , Prague, and I  H E , Prague, 

Czechoslovakia

F a c to r  E i, besides ex ertin g  tox ic  reac tions, is am p h ip a th ic , an tig en ic , chem otax inogenic , 
causes b las tic  tran s fo rm a tio n , a d ju v a n t effect, h y p e rsen s itiv ity  (M IF , sk in  te s t) , a c tiv a te s  th e  
R E S  (splenom egaly), increases th e  m acrophage p ro d u c tio n , p rev en ts  lis te ria l infection  in  m ice, 
m ycobacteria l in fec tio n  in  gu inea pigs and enhances th e  effec t of BCG ex p erim en tal tubercu losis 
and  neoplasia  in  m ice (Sa 180).

S tu d y in g  th e  p a th o g en ic ity  of Listeria  monocytogenes we used th e  m o d i
fica tion  of R ib i’s m eth o d  for th e  p re p a ra tio n  o f crude en d o to x in  [1]. T he sam e 
p re p a ra tio n  e lab o ra ted  b y  S riv astav a  an d  S iddique [2] w as used one y e a r  
la te r. The p re p a ra tio n  m ade b y  th e  e th e r-w a ter m eth o d  an d  finished by  p rec ip 
ita tio n  of th e  ac tive  ag en t by  a d ju s tm e n t of pH  to  3.6 an d  red isso lu tion  o f th e  
p rec ip ita te  in p h o sp h a te  b u ffe r p H  7.2 was desig n a ted  fac to r  Ei. The a d v a n ta g e  
of th is  fac to r w as th a t  i t  was free of v iab le  cells, re la tiv e ly  well soluble in  
w a te r so lven ts an d  due to  its  com plex n a tu re  i t  com prised  all biological q u a l
ities ch a rac te ris tic  of Listeria  w hich we describe in  th is  com m unication . A 
d isad v an tag e  of th is  fac to r was th a t  i t  was n o t stab le  a fte r  lyoph iliza tion  or 
longer storage in  th e  frozen  s ta te . The com plex  is m ade up  of p ro te ins, lip ids 
and po lysaccharides [3].

F a c to r  E i causes e ry th em a  an d  oedem a in th e  sk in  of ra b b its , is p y ro g e n 
ic [4], h ig h ly  ac tiv e  (1 0 -9 g) in coagu la tion  o f haem o ly m p h  of L im u lu s  po ly-  
phenus, [5], i t  is n o t le th a l, b u t  kills mice w ith  su b le th a l doses of ac tinom ycine  
D [1], causes a local S h w artzm an  reac tio n  b u t  only  a fte r  in trav en o u s in d u c tio n  
w ith  L PS [4], enhances th e  in fection  of L . monocytogenes v iru len t s tra in s  in  
mice [4], causes m onocy tosis, leucocytosis an d  lym phocy tosis in  m ice a f te r  
in trap e rito n ea l in fec tio n  [6], is cy to p a th o g en ic  to  h u m a n  em bryonal f ib ro 
b lasts  [7], a f te r  in trav en o u s  ad m in is tra tio n  causes hy p eraem ia , h aem o rrh ag ia
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an d  d ea th  of ch ick  em bryos [7], en cep h a litis  in  neo n a ta l m ice, p o te n tia tio n  of 
ery th rogen ic  to x in  in  ra b b its  an d  d am ages ery th rocy tes.

F a c to r  E i is an tig en ic  and  p re c ip ita te s  w ith  an tib a c te ria l sera  an d  a n ti 
E i sera. I t  is am p h ip a tic  [1], it  has a n  a d ju v a n t cap ac ity  w ith  sheep red  blood 
cells (SRBC), is po lyclonally  active u sin g  SR B C , FITC , TM P [8], causes de
lay ed  h y p e rse n s itiv ity  de tec ted  b y  sk in  te s t  in  rab b its  an d  guinea pigs an d  b y  
M IF  in  m ice, ra b b its  an d  guinea pigs [9].

M aterials and m ethods

F a c to r  E i w as p re p a re d  from  L . monocytogenes b y  e th e r-w a te r  e x trac tio n  and  red isso lu
tio n  of th e  p rec ip ita te  a t  p H  3.6 from  th e  aqueous phase .

R esu lts and d iscussion

H ere we wish d em o n stra te  som e im p o r ta n t  and new ly recognized p ro p 
erties o f th is  com plex . F irs t of all we observed  th a t  th e  a d m in is tra tio n  of 
fa c to r  E i th ree  to  one d ay  before in fec tio n  causes p rev en tio n  of le th a l effect 
o f v iru len t s tra in  o f L . monocytogenes in  m ice. The s im ultaneous or postin fec
tio n  ap p lica tio n  is w ith o u t effect (T able I) [4].

W e d e te rm in ed  th e  cap ab ility  o f th e  fac to r  to  in h ib it th e  p ro d u c tio n  of 
cy to ch ro m e P-450 in  th e  liver m icrosom al fra c tio n  in  mice. T his reac tio n  evoked  
w ith in  a few hours w ith  a m ax im um  a f te r  24 h  was de te rm ined  by  th e  m eth o d  
o f O m ura  an d  Sato  [10]. T he se n s itiv ity  of th e  reaction  is sm aller in  com parison  
w ith  classical en d o to x in . F o r th e  re a c tio n  1 0~ 3 g of fac to r E i is necessary  
(en d o to x in  is ac tive  up  to  10~7 g). T he fa c to r  ac tiva tes th e  m onocy te-m acro- 
phage system  in  m ice dete rm in ed  b y  sp lenom egaly  a fte r in tra p e rito n e a l a d 
m in is tra tio n  of 0.5 m g of th e  com plex . H ep a to m eg aly  w as n o t observed
(F ig . 1).

F a c to r  E i causes spon taneous an d  chem otax igen ic  a c tiv ity  of po lym or- 
2>honuclear leucocy tes in  com parison  w ith  Escherichia coli en d o tox in . The

Table I

Prevention o f  L . monocytogenes infection by factor E i

D ay s  o f  a d m in is tra t io n  of 
E i N o . o f  m ice N o. o f d e a th s

3 5 l
2 5 0
1 5 l
0 5 5

In fec tion  only 5 4

Acta Microbiologica Hungarica 36, 1989



IMMUNOLOGICAL P R O P E R T IE S 347

F ig. 1. A c tiv a tio n  o f R E S  an d  in h ib itio n  of cy tochrom e P-450 in  m ouse liver. A pp lica tion  of
E i fa c to r in tra p erito n ea lly

co n cen tra tio n  of en d o to x in  and  lis te ria l fac to r E i w as 240 ftg/nil and  th e  
co n cen tra tio n  o f po ly m o rp h o n u clear leucocytes was 2 x l 0 7/m l (F ig. 2) [11].

F ac to r E i causes th e  m ito g en ic ity  of h u m an  p e rip h e ra l blood cells 
(F ig . 3).

F a c to r  E i increases p ro lip h era tiv e  response of gu inea  p ig  th y m o cy tes  
w ith  p h y to h aem ag g lu tin in  (P H A ) or concavaline A (Con A). C om itogenic 
effect is q u a lita tiv e ly  and  q u a n tita tiv e ly  com parable  w ith  th e  effect of M D P 
(Fig. 4).

The s im u ltan eo u s ad m in is tra tio n  of th e  fac to r E i w ith  e th an o l e x trac ted  
lip ids of BCG or BCG vaccine enhances s ign ifican tly  th e ir  im m unogen ic ity  
d e te rm ined  b y  sp leen  w eight an d  F e ld m an  index  ca lcu la ted  accord ing  to  the  
n u m b er of th e  tu b ercu lo u s changes in  some organs [12, 13]. T his m odel was 
e lab o ra ted  on gu inea  pigs and  rep resen ts  th e  im m unogenic  form  of experim en
ta l  tubercu losis w hich  is used for d e te rm in in g  th e  efficacy  of BCG v a c 
cines [14].
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F ig . 2. C hem otaxigenic e ffec t o f L PS  E . coli (E T ) and  lis te ria l fa c to r  E i. S haded  colum ns, 
en d o to x in  or fac to r E i; open colum ns, co n tro l

10 100 jug/m l 
E; dose

F ig. 3. B la s t  tran s fo rm a tio n  of h u m an  b lood ly m p h o cy te

In  the sam e m a n n e r  fac to r E i p o ten c ia tes  th e  s tim u la tin g  effect o f BCG 
to  p ro te c t mice to  tra n s p la n ta t io n  of sarcom a 180 (F ig . 5). T he fac to r a d m in 
is te red  one day  a f te r  t ra n s p la n ta tio n  increased th e  su rv iv a l tim e  of m ice. 
T h e  com bination  of E i w ith  BCG vaccine is p referab le  to o  (Fig. 6) [15].

Using a special m odel of m u ltip le  im m unoassay  (M IA), fac to r E i was 
te s te d  for delayed h y p e rse n s itiv ity  (D T H ), th e  am o u n t of IgG  and  IgM  an ti-
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1 10 100 1 10 100
j j g / m l

Fig. 4. C om itogenic effect o f gu in ea  pig th y m o cy te
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F ig. 5. Im m u n o s tim u la tio n  o f m ice aga in st sa rcom a 180
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D ays

F ig  6. Im m u n o th e rap y  of m ice ag a in s t sarcom a 180

bodies against S R B C , phagocy tosis, b la s t tra n sfo rm a tio n s  w ith  P H A , Con A 
a n d  L PS, and  increase  o f  w eigh t of th y m u s, sp leen  an d  ly m p h  nodes [16].

F ac to r E i evokes d e tec tab le  h y p e rse n s itiv ity  a fte r  8 days. Increases th e  
a m o u n t of an ti-S R B C  an tib o d ies  especially  a f te r  re p e a te d  (4 X ) ap p lica tion . 
I t  enhances p h ag o cy to sis  sign ifican tly  an d  causes spleno- an d  thym om egaly . 
A fte r im m unosuppression  caused by a n tith y m u s  m onoclonal an tibod ies, cyclo 
phospham ide (CY), d ex am eth azo n e  (D X ) or ir ra d ia tio n  fac to r  E i restores th e  
d estro y ed  im m u n ity  especia lly  in  th e  fie ld  o f D T H , a n tib o d y  p ro d u c tio n , 
phagocytosis an d  sp lenom egaly . The n eg a tiv e  effect on b la s t tra n sfo rm a tio n  
is reversed  in  th e  case o f re s to ra tio n  a fte r  a r tif ic ia l im m unosuppression . T he 
e ffec t o f chem ical im m u n osuppressives is m ore easily  re s to red  b y  th e  fa c to r  
E i in th e  case of tra n s fo rm a tio n  and increase of th e  w eigh t of organs and in  
th e  case of p h ag o oy tosis . T he res to ra tio n  o f im m u n ity  a lte red  b y  m onoclonal 
an tib o d ies  or ir ra d ia tio n , using  fac to r E i on ly  w as observed  in  D TH , a n tib o d y  
p ro d u c tio n  and  p h ag o cy to sis .
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Round Table Discussions

INTRODUCTION

METHODS OF ISOLATION, CHARACTERIZATION 
AND CONTROL OF LISTERIA

D uring  th e  T e n th  In te rn a tio n a l S ym p o siu m  on L isteriosis in  Pécs, H u n 
gary  (A ugust 22—26, 1988), tw o discussion sessions w ere held  on m eth o d s of 
iso lation , ch a ra c te riz a tio n  an d  contro l o f  Listeria  (A ugust, 21 and  25, 1988). 
T he in te n t of th e  ro u n d  tab les  was to  a rriv e  a t  a consensus of th e  s ta tu s  of 
know ledge in  these  fie ld s. D uring  th e  sessions 45 p re se n ta tio n s  were g iven  b y  
lead ing  sc ien tists  rep re sen tin g  10 coun tries. T h ey  w ere asked  to  p resen t th e  
la te s t in fo rm atio n  av a ilab le  on the  d e tec tio n , e n u m era tio n , id en tifica tio n  a n d  
con tro l of L isteria  monocytogenes. S u b m itte d  a b s tra c ts  of th e  papers of in v ite d  
speakers will be p u b lish ed  here, to g e th e r w ith  th e  various elem ents of an a ly tic a l 
m ethodology  for L . monocytogenes. F u ll te x ts  o f these  su b jec ts  have been p u b 
lished in  In te rn a tio n a l J o u rn a l of Food M icrobiology.

In  a p len a r session th e  conclusions w ere d iscussed in  d e ta il b y  th e  S c ien 
tific  C om m ittee o f th e  Sym posium .

Acta Microbiologica Hungarica 36 (2  —  3), pp. 353 —  370 (1989)

ABSTRACTS

THE USDA FOOD SAFETY AND INSPECTION 
SERVICE METHOD FOR THE RECOVERY OF 

LISTERIA MONOCYTOGENES

W .  H . L e e

U S D A , F S IS , B eltsville, M a ryland , U S A

The U SD A , F S IS  m ethod  was developed  orig inally  for recovery  o f low  
num bers of n a tu ra lly  occurring  L isteria  monocytogenes from  raw  m eat, a n d  it  
perform s well even  w hen  large n u m b ers  of m icrob ia l com petito rs are p re se n t. 
O ther w orkers h av e  ex te n d e d  its use to  o th e r  ty p e s  of food  an d  to  en v iro n m en 
ta l  sam pling  in  food p la n t  q u a lity  co n tro l p ro g ram s. Use of a tw o-stage e n ric h 
m en t p rocedure , w hich  w as 42%  b e t te r  th a n  a single stag e , h igh ly  se lective
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L PM  agar, an d  th in - la y e r  horse b lood  a g a r  p la tes for th e  d e tec tio n  o f  su rface- 
-s treak ed  b e ta -h a e m o ly tic  colonies a re  th e  im p o rta n t s tep s  o f  th is  m e th o d . 
L . monocytogenes can  be  p re su m p tiv e ly  id e n tif ie d  in  3 -4  days. W e have d e te c te d  
i t  in  39/86 raw  m ea t sam ples. F o r re g u la to ry  purposes, o u r A gency  te s ts  cooked  
m e a t for th e  p resence  o f L . monocytogenes a t  p o in t o f p ro d u c tio n  b y  c u ltu r in g  
a 10 m l po rtio n  (one g ram ) of a 1 : 10 d ilu tio n  of b lended  sam ple. T he m e th o d  
has been show n to  he effective. O th e r la b o ra to rie s , as well as m y  ow n, ro u tin e ly  
use d irect p la tin g  o f decim al d ilu tions o n to  LPM  ag ar to  d e tec t h igh  levels 
( >  100) of L . monocytogenes. M ost o f th e  p la te s  will be b la n k , in d ica tin g  a b 
sence of h igh n u m b ers , b u t  ra re ly  a n e a r ly  p u re  law n of L isteria  colonies can  be 
seen (w ith m ag n ifica tio n ) in  24 h  an d  c o u n te d  in  48 h. H ow ever, LPM  is a v e ry  
selective m ed ium , an d  in h ib its  in ju re d  cells. The la t te r  req u ire  re su sc ita tio n  in  
non-selective m edia .

SELECTIVE AND DIAGNOSTIC ENUMERATION 
OF LOW NUMBERS OF LISTERIA  SPP. AT 30 °C

P .  v a n  N e t t e n , I. P e r a l e s  and D. A. A. M o s s e l

Governmental Food Inspection  Service , ‘s-Hertogenbosch, The Netherlands, 
Health Service D irection  o f  V izcaya, B ilbao, S p a in , and D epartm ent o f  Science o f  

Food o f  A n im a l O rigin, F aculty  o f  V eterinary M edicine, The U niversity  o f  Utrecht,
The N ethdrlands

A se lec tive-d iagnostic  Listeria  e n ric h m e n t b ro th  n am ed  L -A L C E F T Y  
h as been e la b o ra te d . T h e  m edium  allow s re liab le  en rich m en t a t 30 °C. I t  is 
b a sed  on sugar-free p e p to n e  y eas t e x tr a c t  b ro th  w ith  2 .5 %  egg y o lk  em u l
sion. The d iagnostic  t r a i t s  of th is m ed ium  w ere a tta in ed  b y  in co rp o ra tio n  of 
aescu lin  plus ferreous s a lt and  m an n ito l p lu s phenol red. Selective ag en ts  w ere 
0 .005%  ceftazid im e, 0 .001%  acriflav ine  a n d  1%  lith iu m  chloride. L -A L C E FT Y  
re su lte d  to  (i) a p ro d u c tiv i ty  ra tio ; an d  (ii) g ro w th  ra te  w hich  w as of th e  sam e 
o rd e r as a tta in e d  in  C olom bia b ro th . T he g ro w th  of v ir tu a lly  a ll o th e r b a c te ria  
o f  com m on occurrence in  fresh  foods w as in h ib ited .
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SELECTIVE AND DIAGNOSTIC ENUMERATION OF 
LISTERIA  SPP. FROM HEAVILY CONTAMINATED

FOODS

P . v a n  N e t t e n , A. v a n  d e  M o o s d i j k , I. P e r a l e s  and 
D. A. A . M o s s e l

Governmental Food Inspection  Service, ’s-Hertogenbosch, The  
N etherlands; Health Service Direction o f  V izcaya, Bilbao, S p a in , and D epartment o f  

Science o f  Food o f  A n im a l Origin, F aculty  o f  Veterinary M edicine, The U niversity
o f  Utrecht, The N etherlands

A new m edium  called  A LPA M Y  ag ar w as e lab o ra ted  for th e  iso lation  of 
Listeria  spp. and  th e ir  enum era tion . A LPA M Y  is based  on Colom bia agar 
w ith  2 .5% egg yolk  em ulsion , m ade se lec tive  b y  th e  ad d itio n  of 0 .001%  acrifla- 
v ine, 1.5%  lith iu m  ch lo ride and 0 .25%  2 -p h en y l e th an o l an d  given diagnostic  
t r a i ts  b y  th e  in co rp o ra tio n  of 0.05%  aescu lin  plus 0 .05%  ferrous salt and  1%  
m an n ito l plus 0 .008%  p h en o l red. A L PA M Y  m edium  recovered  Listeria mono
cytogenes and  some s tra in s  of Listeria seeligeri q u a n tita tiv e ly , w hereas suppress
ing  v ir tu a lly  all o th e r b a c te ria  of com m on occurrence in  fresh  foods. Listeria  
colonies were a p p ro x im a te ly  2 m m , d a rk -g rey  w ith  a b lack  cen tre  on a 
cherry  red  b ackground  (aesculin-positive, m an n ito l-n eg a tiv e).

A REVIEW OF CURRENT METHODS USED IN 
THE UNITED STATES FOR ISOLATING LISTERIA

FROM FOOD

D. J .  P u s c h

D epartment o f  Food Science and N u tr itio n , U niversity  o f  M inneso ta , St. P a u l,
M inneso ta , U S A

The tw o m ethods m ost com m only  used  in  th e  U n ited  S ta tes for de tec ting  
Listeria  in  food h av e  b een  developed b y  th e  Food an d  D rug  A d m in is tra tio n  
(FD A ) and  th e  U n ited  S ta tes D e p a r tm e n t of A gricu ltu re  (U SDA), th e  tw o 
federa l agencies w hich  reg u la te  the  n a tio n ’s food sup p ly . T hese m ethods were 
developed to  sh o rten  th e  tim e  of recovery  over th e  tra d itio n a l cold en rich m en t 
techn ique . A lthough  th e  tw o p rocedures use d iffe ren t m ed ia , b o th  m ake use of 
selective en rich m en ts , s treak in g  on se lec tive  m edia, p u rify in g  on a non-selec- 
tiv e  m ed ium  and  f in a l id en tifica tio n  usin g  physica l, b iochem ical and  serological 
te s ts . R ecen tly  tw o ra p id  m ethods (re su lts  w ith in  th re e  days) have becom e 
com m ercially  av ailab le . One em ploys a nucleic  acid h y b rid iza tio n  tech n iq u e  
w hich uses a L isteria-specific  probe lab e lled  w ith  a rad io iso tope . The o th e r
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procedure  u tilizes m onoclonal an tib o d ie s  an d  an  enzym e-linked  im m unoso rben t 
assay  (E L IS A ). B o th  of th ese  ra p id  te s ts  are  said  to  be specific  for all species 
an d  sero types of Listeria. T herefo re , an y  positive resu lts  m u st he confirm ed 
u s in g  conven tiona l p rocedures to  d e te rm in e  w h e th e r th e  re su lts  w ere due to  a 
p a th o g en ic  or no n -p a th o g en ic  L isteria  species or a false positive .

METHODS TO CULTIVATE AND ISOLATE 
LISTERIA  STRAINS

B .  R a l o v i c h

Institu te  o f  Public Health and  E pidem iology, U niversity M edical School, Pécs,
H ungary

C u ltiv a tio n  and  iso la tion  o f lis te riae  from  c o n ta m in a te d  m ate ria ls  — 
faeces, foods, feeds, en v iro n m en ta l sam ples, pa thological m ateria ls  — are no t 
sim ple ta sk s . T he p rocedure  needs special efforts to  p rom ote  g row th  of Listeria  
s tra in s  and  to  in h ib it th a t  o f th e  co n co m itan t b ac te ria . F o r th is  purpose  th e  
follow ing tec h n iq u e s  an d  su b stan ces w ere p roposed: cold en rich m en t, oblique 
lig h t tech n iq u e , te llu rite , th io g lico lla te , guanofuracin , NaCl, fu rac in , th io c y a n a 
te , po lym y x in  B, th a llo u s a c e ta te , acrid ine dyes, nalid ix ic  acid , cyclohem ixide, 
d ich ro m a te , chrom ic acid, th io n in e , T w een 80, azide, ch lo ram phen ico l, glycine, 
lith iu m  chloride, v iom ycin , g a llocyan ine , py ron ine , ph en y l e th an o l, glycine a n 
h y d rid e , m o x a lac tam , oxolinic acid , colistin , ferric  am m onium  c itra te , in- 
d igocarm ine, ta r tra z in e , p ropolis an d  ceftazid im e. T here  is no official m e th o d  
to  con tro l foods for lis te riae . U sefulness of L ev in th a l b ro th , H o lm an  m edium , 
T N S A  p la te  M cB ride agar, R A PA M Y  m edium , R odriguez’s p rocedure , UYM 
e n rich m en t h ro th s  an d  LPM  a g a r w ill be discussed.

SEROLOGICAL ANALYSIS OF THE GENUS 
LISTERIA  (ITS VALUE AND LIMITATION)

H .  P .  R .  S e e l i g e r  and B .  L a n g e r  

Institu te  o f  H ygiene, M edical F aculty , U niversity o f  W iirzburg, F RG

A va lid  schem e for an tig en ic  analysis of Listeria monocytogenes has been  
e lab o ra ted  b y  P a te rso n  an d  w as la te r  ex ten d ed  b y  Seeliger an d  D onker-Y oet. 
I t  is, how ever, n o t possible to  propose a serological d iffe ren tia to n  b e tw een  
p a th o g en ic  L . monocytogenes an d  n o n -p a th o g en ic  Listeria seeligeri, as th e y  a re  
in d is tin g u ish ab le  an d  b o th  are  b e ta -h aem o ly tic . The H -an tig en s of L. mono-
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cytogenes an d  th e  m ore closely re la ted  species offer a h ig h  degree of generic  
specific ity . T he usefulness of antigenic analysis of lis te riae  lies in  its  v a lu e  to  
confirm  suspected  lis te riae  and  to  help in  th e ir  c lassifica tion  on the  species level. 
A lthough  an tigen ic  id e n tity  would be a good in d ica to r fo r possible ep idem iolog
ical links — a t  th e  b e s t — , serological analysis  o f iso lates m ay  help to  ru le  o u t 
supposed chains of in fec tions instead  o f  p ro v id in g  ev idence for d irect co n n ec
tions. The b reak d o w n  o f a p p a ren tly  hom ogeneous se rovars has been e ffec ted  
b y  recogn ition  of num ero u s lysovars (p h ag e  types) com posing  each se ro v ar o f 
L . monocytogenes.

PHAGE-TYPING OF LISTERIA  STRAINS

S. O r t e l

In stitu te  o f  M edical Microbiology and E pidem io logy , Reference Laboratory fo r  
Listeriosis , M artin  Luther U n iversity , H a lle /S ., G D R

The sy stem atic  search  for L isteria  phages (since 1977) and  th e  M ulti 
C entre S tu d y  (1982) gave th e  basis fo r ty p in g  Listeria  s tra in s . The re su lts  in  
th e  lab o ra to rie s  have  show n th a t  th e  n u m b e r of ty p eab le  s tra in s  is d ifferen t an d  
flu c tu a te s  b e tw een  2 5 -5 4 %  (serovar l/2 a )  an d  6 6 -8 9 %  (serovar 4b) an d  o ften  
depends on geograph ica l te rrito ries. L isteria  s tra in s  from  sheep and  c a ttle  w ere 
ty p eab le  (75%  in l /2 a -  an d  85%  in 4 b -serovars) u su a lly  m ore freq u en tly  th a n  
s tra in s  from  h u m an  beings. The experiences w ith  p h ag e-ty p in g  have as y e t 
show n th a t  th is  m ethod  is valuable in  ep idem io log ical w ork . B u t p h ag e-ty p in g  
is no t a lw ays successful because the r a te  o f no n -ty p eab le  s tra in s  is som etim es 
too  high so th a t  epidem iological conclusions can n o t be done. 'L’herefore, it  seem s 
necessary  to  iso la te  new  an d  b e tte r  p h ag es to  com plete  th e  set and  exclude  
phages w hich  give only  few  reactions. F u r th e r  prob lem s in  phage ty p in g  are  
the  a lte ra tio n  of phage p a tte rn s , the  decision  w h e th e r s tra in s  or phagovars are  
iden tica l, s im ilar or d iffe ren t and if th e re  are  phage p a tte rn s  w hich are specific  
for a d efin ite  illness.

LISTERIOCINS (MONOCINS)

S. O r t e l

In stitu te  o f  M edical Microbiology and  E pidem io logy , Reference Laboratory fo r  
L isteriosis, M artin  Luther U niversity , H a lle /S ., G D R

L isteriocins or m onocins are su b s ta n c e s  w hich  w ere iso la ted  from  L isteria  
and  have  an  an tib io tic  effect against L isteria  monocytogenes. M onocins w ere 
m ostly  iso la ted  from  non-lysogenic s tra in s  a fte r  UY or m ito m y cin  in d u c tio n .
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O u r resu lts h av e  show n th a t  from  a lto g e th e r  162 stra in s of L . monocytogenes 
123 (76% ) w ere m onocinogenic, se ro v ar 4b p roduced  in 94 %  and  se ro v ar l /2 a  
in  67%  m onocins. S e ro v ar 5 is a good in d ic a to r  s tra in  fo r m onocins iso la ted  
fro m  l/2 a  an d  4b se ro v ars . O ur m onocins w ere classified as A, B, C, D, E , F  
concern ing  th e ir  a c tio n  on d ifferen t in d ic a to r  stra ins. T he ti tre s  of m onocins 
m u s t be high to  b u ild  u p  a ty p in g  schem e fo r Listeria.

ANALYSIS OF LISTERIA MONOCYTOGENES  BY 
MULTILOCUS ENZYME ELECTROPHORESIS AND 

APPLICATION OF THE METHOD TO 
EPIDEMIOLOGIC INVESTIGATIONS

W .  F . B i b b , B .  S c h w a r t z , B .  G e l l i n , P .  P l i k a y t i s , 

an d  R .  W e a v e r

Centers fo r  Disease Control, A tla n ta , Georgia, U S A

We exam ined  310 stra in s of L isteria  monocytogenes b y  m ultilocus enzym e 
e lectrophoresis. F if ty -s ix  e lec trophoretic  ty p e s  (ETs) of th e  organism  w ere 
defined . Ten E T s w ere defined am ong se ro v a r 4b s tra in s, 11 ETs am ong  se
ro v a r  l/2 b  s tra in s , a n d  30 ETs am ong se ro v a r l /2 a  s tra in s . S tra in s  of serovars 
l /2 c . ,  3a, 3b, an d  a no n -ty p eab le  s tra in  w ere d is trib u ted  am ong  the  rem ain in g  
f iv e  ETs. M ean g en e tic  d iv ersity  of th e  species was 0.41. P rin c ip a l co o rd ina tes 
analysis  revealed  a sh a rp  division am ong  E T s w hich d iv id ed  the species in to  
tw o  m ajor c lusters. N ine ty -seven  p e rc e n t  o f all ETs rep resen tin g  se ro v ar l /2 a  
s tra in s  (29 of 30) w ere in  one c luster w hile all serovar 4b, 1 /2b, an d  3b E T s w ere 
in  th e  second c lu s te r. E x cep t for tw o E T s w hich co n ta ined  s tra in s  from  b o th  
se ro v ar 1 /2b an d  3b, no  E T  con ta ined  s tra in s  from  more th a n  one serovar. T he 
m e th o d  has p ro v ed  usefu l in  fac ilita tin g  th e  analysis of epidem iologic d a ta . 
I n  th ree  sep ara te  epidem iologic in v es tig a tio n s  e lec trophoretic  ty p in g  co n firm ed  
th e  p ro b ab ility  of a com m on source o u tb re a k , while in  a fo u r th  in v es tig a tio n  
a com m on source as a cause of an  o u tb re a k  was effectively  ru led  o u t. I t  w as 
also  useful in  d o cu m en tin g  p o ten tia l lin k s betw een  c o n ta m in a te d  food item s 
a n d  p a tien ts  w ho consum ed  those p ro d u c ts .
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IDENTIFICATION AND ENUMERATION OF 
VIRULENT LISTERIA  STRAINS

A. D a t t a  and B. W e n t z

D iv is io n  o f  M icrobiology, C F S A N , Food and Drug A d m in istra tion ,
W ashington D C , U S A

R ecen t o u tb reak s  an d  th e  con tinuous increase in  cases of listeriosis u n 
derscore th e  need  for ra p id , sensitive an d  re liab le  tech n iq u es  to  de tec t Listeria. 
Of th e  species of L isteria , only  Listeria monocytogenes has been found  to  be 
associated  w ith  h u m a n  an d  an im al in fections. One fac to r w hich  defin ite ly  con
tr ib u te s  to  i t ’s p a th o g e n ic ity  is th e  presence of haem olysins, th o u g h  Listeria  
ivanovii an d  Listeria  seeligeri also e lab o ra te  haem olysins. B ased upon  cloned 
haem olysin  genes, we h a v e  developed D N A  probes specifically  for de tec ting  
L . monocytogenes. The tech n iq u e  com bines g row th  of b ac te ria l colonies on se
lective  ag ar p la te s  an d  D N A  h y b rid iza tio n  of these  colonies on a solid m a trix . 
This te ch n iq u e  p e rm its  id en tific a tio n  an d  en u m era tio n  and  th e  en tire  procedure 
can be com ple ted  in  3 -4  days. O ur m eth o d  w as found  to  be su itab le  to  id en tify  
and  e n u m era te  th is  o rgan ism  in various foods, th e  m ain  vehicle of h u m an  in 
fection . A d v an tag es  a n d  d isad v an tag es o f th is  te ch n iq u e  will be discussed 
and  co m p ared  w ith  th e  o th e r existing  tech n iq u es.

A NEW NUCLEIC ACID PROBE ASSAY FOR LISTERIA  IN 
FOODS AND FOOD PROCESSING ENVIRONMENTS

J . K l i n g e r , D. H a l b e r t , A. J o h n s o n , M. K i m b a l l , W . K i n g ,

D . L a n e  and J .  L a w r i e

G E N E -T R A K  System s, F ram ingham , M assachusetts, U S A

O u tb reak s  of foodborne  h u m an  listeriosis an d  d iscovery  of lis te ria -co n 
ta m in a te d  food  p ro d u c ts  in  N o rth  A m erica  an d  E u ro p e  h av e  increased  th e  
need for ra p id  an d  sensitiv e  screening assays for th e  p resence of Listeria. We 
have  developed  a h y b rid iza tio n  assay  w h ich  u tilizes h ig h ly  specific D N A  
oligom er p ro b es to  d e te c t un ique  sequences of 16S ribosom al R N A  p resen t in  
all Listeria  spp . The in itia l version of th e  assay  included  32P-labelled  probes in  
a 4 h a  f i l te r  h y b rid iz a tio n  fo rm a t follow ing ap p ro x im a te ly  48 h  of cu ltu ra l 
en rich m en t. E x ten siv e  com parisons have been  m ade of s ta n d a rd  procedures 
(e. g., FD A  m ethod) an d  th e  G E N E -T R A K  h y b rid iza tio n  assay  w ith  en v iro n 
m en ta l sam ples and  u n in o cu la ted  and in o cu la ted  d a iry  p ro d u c ts . In  th e  v a s t 
m a io rity  of cases th e  h y b rid iza tio n  assay  h a d  a low er false nega tive  ra te  th a n
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th e  reference m eth o d , w ith  an  u n co n firm ed  positive ra te  of ap p ro x im a te ly  3 % . 
R esu lts  were e q u iv a len t to  th o se  o f  th e  U SD A  procedure  w h en  used to  te s t  
m ea ts  or seafoods. In itia l resu lt susing  a new non-isotopic (colorim etric) h y b r id 
iz a tio n  assay in d ica te  th e  p o te n tia l  fo r ev en  g rea te r sen sitiv ity .

DIAGNOSTIC IMPORTANCE OF NUCLEIC ACID 
PROBES AND MONOCLONAL ANTIBODIES FOR

LISTERIA

B .  Sw AM IN ATHAN

M ening itis  and Special Pathogens B ranch , D ivision  o f  Bacterial Diseases, Center fo r  
In fectious D iseases, Centers fo r  Disease Control, A tlan ta , Georgia, U S A

There is an  u rg e n t need fo r ra p id  L isteria  de tec tio n  m ethods w hich can  
g ive reliable re su lts  in  24 to  48 h  w ith o u t ex tensive  cu ltu re  and  su b cu ltu re . 
B ased  on experience w ith  о sp e c tru m  of o th e r pa thogen ic  m icroorganism s, 
ran g in g  from  viruses to  p a ra s ite s , nucleic acid probe b ased  h y b rid iza tio n  
assays and  m onoclonal a n tib o d y  b ased  im m unoassays a p p e a r  to  offer th e  m ost 
p rom ise. C u rren tly  availab le  assays need  fu r th e r  re fin e m e n t and  v a lid a tio n  
befo re  th ey  becom e m ore w idely accep ted .

PROBLEMS OF DETERMINATION OF VIRULENCE 
OF LISTERIA  STRAINS

B .  R a l o v i c h

Institu te  o f  P ublic  Health and E pidem io logy , U niversity M edical School, Pécs,
H ungary

Before m easu rin g  th e  v iru len ce  o f Listeria  s tra in s , i t  is necessary  to  de
te rm in e  th e  te rm  Listeria  v iru lence . L isteria-in fection  can he ch a rac te rized  b y  
th e  adhesion, in d u c tio n  of endo- or phagocytosis, m u ltip lica tio n  in  cells and  
o th e r  effects o f th e  organism  in  th e  h o st. F o r c h a ra c te riz a tio n  of v iru le n t 
L isteria  s tra in s  i t  is o b liga to ry  to  k now  p roperties of these  germ s an d  th e  d if
ferences ex isting  am ong v iru len t, a v iru le n t or n o n -v iru len t lis teriae . In  case of 
L isteria  s tra in s  th e  follow ing m ark e rs  of viru lence can  be m en tio n ed : b e ta - ty p e  
haem olysis on b lood  agar, k e ra to co n ju n c tiv itis -cau sin g  c a p a c ity  in  ra b b it  an d  
gu inea  pig, a b ility  to  kill mice or ch icken  em bryos for th e  v iru lence  an d  m issing 
o f m onocytosis p roducing  a c tiv ity , neg a tiv e  V P and  M R reactions, presence 
o f an tigen  n o ted  1830 for av iru lence  or non-v iru lence.
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POSSIBILITIES OF DIFFERENTIATION OF 
LISTERIAL HAEMOLYSINS BY SYNERGISTIC 

HAEMOLYTIC REACTIONS (CAMP-REACTIONS)

J .  S m o l a

U niversity  o f  Veterinary Science, B rno, Czechoslovakia

F ro m  th e  p u b lished  in fo rm a tio n  i t  is ev iden t th a t  haem o ly tic  ac tive  
su b stan ces from  d iffe ren t s tra in s  of L isteria  shou ld  no t be necessarily  id en tica l. 
D iffe ren t m odifica tions of CAMP reac tio n s em ploying p rep u rified  b a c te r ia l 
exosubstances or p ro d u c tiv e  s tra in s  w ere carried  ou t on th e  b lood  ag ar p re 
p a red  from  C olum bia agar (Oxoid) w ith  th e  ad d itio n  of 5 v /v %  w ashed  ovine 
e ry th ro cy te s . W ith  th e  excep tion  o f Listeria  innocua  and  L isteria  welshim eri 
(all CAM P reac tions negative), th e  re su lts  show  d ifferen t reac tio n s of all th e  
te s te d  s tra in s  (species) of Listeria. W e w ould  like to  em phasize th a t  c h a ra c te r 
is tica lly  Listeria  monocytogenes (sensu s tric to ) gives a positive CAMP reac tio n  
w ith  e ry th ro c y te s  affected  b y  b e ta - to x in , equ i-facto r an d  haem olysin  of 
L . ivanovii. W hile s tra in s  of L . ivanovii re a c te d  ch arac teris tica lly  in  th e  zone 
of eq u i-fac to r an d  s tra in s  of L . seeligeri only  in th e  zone of b e ta -to x in . T he 
described  differences show  th a t  th e  ac tive  h aem oly tic  substances of L isteria  
species h av e  d iffe ren t ch arac ters . These d ifferences can be used  in  p rac tice  fo r 
p re su m p tiv e  id e n tific a tio n  of iso la ted  L isteria  s tra in s  before b iochem ical e x a m 
in a tio n  an d  te s t  on m ice. W e considered , th a t  no t haem olysis, b u t  h aem o ly 
sin is th e  m ark er of p a th o g en ic ity .

INVESTIGATIONS ON THE PATHOGENICITY OF 
LISTERIA  SPP. BY EXPERIMENTAL INFECTION 

OF THE CHICK EMBRYO

G. T e r p l a n  a n d  S .  S t e i n m e y e r

C hair o f  H ygiene and Technology o f  M ilk , U niversity  o f  M un ich , M u n ich , F R G

T he infection  of chick em bryo  is considered  to  be a possib ility  to  rep lace  
th e  m ouse p a th o g en ic ity  te s t. T he cho rioallan to is  m em b ran e  of 10 days old 
ch icken  em bryos (5 p er s tra in ) w as in o cu la ted  w ith  22 reference s tra in s , 
86 s tra in s  iso la ted  from  cheese an d  31 s tra in s  from  m eat an d  m ea t p ro d u c ts  o f 
d iffe ren t Listeria  spp . All em bryos in fec ted  w ith  th e  pathogen ic  species (L isteria  
monocytogenes, L isteria  ivanovii)  d ied  w ith in  72 h , w hereas em bryos in fec ted  
w ith  th e  n on -pa thogen ic  species L isteria  innocua, L isteria  seeligeri, a n d  L .
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welshim eri su rv ived . T h e  resu lts  in d ica te  th a t  th e  in fec tion  of the  ch o rio a llan 
to is  m em brane of ch ick  em bryos seems to  be a su itab le  m eth o d  for d e te rm in in g  
th e  p a th o g en ic ity  o f L isteria  spp.

IMPEDIMETRIC DETERMINATION OF ACTIVITY 
OF DISINFECTANTS AND DETERGENTS ON 

LISTERIA:  A PRELIMINARY STUDY

J .  L .  C o R D I E R ,  T .  P U T A L L A Z  a n d  L .  J .  C o X

Nestec S . A . ,  Q uality Assurance D epartm ent, Vevey, Switzerland

The efficiency o f  severa l d is in fec tan ts  or d e te rg en ts  against 3 s tra in s  of 
L isteria  monocytogenes, 1 s tra in  of L isteria  innocua, an d  2 stra in s of Strepto
coccus D was te s ted  in  w a te r  as well as in  th e  presence of m ilk, w hey a n d  sa lt 
b y  an  im ped im etric  m e th o d  using a B a c to m e te r  M120. C ertain  synerg istic  
effects betw een  ac tiv e  agen ts and m a tr ix  could he observed . D ifferences in  
sensitiv ities were n o tic e d  am ongst th e  te s te d  s tra in s . P ro d u c ts  co n ta in in g  
iod ine , peroxide or q u a te rn a ry  am m onium  as ac tive  agen ts were show n to  be 
e ffic ien t even a t re la tiv e ly  low co n cen tra tions.

CONCLUSIONS

1. Essentials o f ana ly tica l methodology
1. Sam pling

— H om ogen ization  and  ran d o m iza tio n
— Size of sam ple
— Size of a liq u o t to  be sub jec ted  to  ex am in a tio n

2. Resuscitation

— E ssentia l role
— Choice of m ed iu m
— LM R vs SM R
— E x trin sic  co n d itio n s and d u ra tio n
— Sequences

3. Enrichm ent

— Choice of m ed iu m
— P ro p o rtio n  sam p le : m edium
— Selection o f c u ltu re  conditions
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4. Isolation

— Choice of m ed ium ; cave: d ifferen tia l tra its  !
— Mode of inocu la tion
— Choice o f cu ltu re  cond itions

5. Biochemical identification

— Choice of c rite ria
— In te rp re ta tio n  o f ga llery  resu lts

6. Serological exam ination

— P ro cu rem en t of sera
— T echniques
■— In te rp re ta tio n  of resu lts
— E x ch an g e  of d a ta  w ith  o th e r In s titu te s

7. Phage typ ing

— P rocurem en t of phages 
■— T echniques
— In te rp re ta tio n  of read ings
— E x ch an g e  of d a ta

8. Techniques based on gene probes

— Selection  of gene p robes; cave: colour label p re fe rab le  !
— Selection  of a p ro ced u re  allow ing non-genetic ists  to  use th e  te ch n iq u e  

an d  o b ta in  unequ ivoca l resu lts

9. Virulence markers

— R each  consensus of v a lid ity  of m arkers
— Choice of p rocedures
— In te rp re ta tio n  o f collective resu lts  1 -9

10. Other procedures or criteria suggested by R TD -m em bers :

use of I F  techn iques, isoenzym es, phospholipases, flagellins, listeriocins, 
etc. etc.

11. A ttem pts to elaborate an  internationally agreed set o f  procedures

— P a rtic ip a n ts : ID F , IU M S, W H O  R eference C entres, IL S I, o thers
— R aseline
— O p era tin g  p rocedure
— O th er facets
— C o n stitu tio n  of a W orking  P a r ty
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2. Sam pling  for L . monocytogenes

The ob jective of sam p lin g  for L isteria  monocytogenes in  foods is to  p ro tec t 
th e  consum er. A t p re se n t i t  is d ifficu lt to  m ake a ra tio n a l o r fin a l decision on 
th e  sam ple size n ecessary  to  ad e q u a te ly  p ro te c t public h e a lth . D a ta  req u ired  
fo r such a decision in c lude  (i) th e  h u m a n  in fec tive  dose fo r h e a lth y  consum ers; 
(ii) th e  ’’n o rm al” in ta k e  of L . monocytogenes from  raw  foods as salads and  the  
like.

Sam pling o f  foods at the p o in t o f  production fo r  low numbers o f  L . mono
cytogenes by enrichm ent procedures. A t p re se n t for reg u la to ry  purpose , th e  FD A  
sam ples 25 g of food, w hereas th e  U S D A /F S IS  blends 25 g o f food b u t tak es  a 
10 m l portion , or 1 g sam ple  to  d e te rm in e  w h e th e r the  food sam ples are positive 
or negative. Sam pling  a t  th e  1 g level allow s th e  FS IS  to  id e n tify  problem  p lan ts  
a n d  tak e  corrective ac tio n s. B o th  F D A  a n d  USD A  en rich m en t procedures are 
n o t  q u a n tita tiv e  an d  ta k e  severa l days to  perform .

“ R a p id ”  sam pling  o f  foods containing large numbers, i .e .  over 100/g o f  
L . monocytogenes by direct p lan tin g . The o rgan ism  grows in  foods a t  refrigeration  
tem p era tu res  of 5 °C a n d  a few  foods m a y  co n ta in  102-6 lis te riae /g . These foods 
c a n  be considered m ore o f a h u m an  h e a lth  risk  th a n  th o se  w ith  low num bers 
i. e. below 1/g. I t  is v e ry  easy  to  d e te c t th e  h igh  n um ber o f Listeria  b y  d irect 
p la tin g  of decim al d ilu tio n s of food on L iC l-P h e n y le th a n o l-M o x a la c ta m  (LPM ) 
ag a r, and b y  th e  “ sw ab an d  s tre a k ”  d irec t p la tin g  m eth o d  w h ich  is su itab le  for 
ex ten siv e  screening  o f la rg e  n u m b ers  of re ta il food sam ples.

3. Resuscitation

L. monocytogenes in cu rs  su h le th a l in ju ry  upon  exposure  to  h eating , freez
in g , or low p H . T his re su lts  in  in a b ility  of cells to  form  colonies on selec
tiv e  m edia th a t  w ould o therw ise su p p o rt grow th. M oreover, such su h le th a l 
in ju rie s  m ay in te rfe re  w ith  th e  fu n c tio n in g  of diagnostic  system s. Since sub- 
le th a lly  in ju red  cells m a in ta in  th e ir  pa th o g en ic  p ro p erties , re su sc ita tio n  is 
req u ired  to  include th ese  in  colony co u n ts  or P-А  tests . W h en  th is  is ignored, 
u n d eres tim a tio n  of th e  efficacy  of p rocedures for p rocessing food for sa fe ty  
w ill result.

R esuscita tion  co n d itions for in ju re d  lis teriae  are y e t  to  be developed. 
T h is  should be done re ly in g  on assessm ent of so-called destru c tio n -rep air-  
cu rves. A lthough i t  w ould  he unw ise to  p re d ic t any  resu lts  a t  th is  stage , the  
lim ite d  am oun t of d a ta  availab le  in d ica tes  th a t  it  is w ell-n igh  im possible to  
e lab o ra te  selective d iffe ren tia l m edia th a t  allow su b le th a lly  in ju red  cells to  
re p a ir  lesions ad eq u a te ly .
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4. C ulturing

M ethods p rim arily  used for en rich m en t of L . monocytogenes are the  
UYM an d  E B  b ro th s . D ifferen tia l m ed ia  have been deve loped  m ore recen tly  
w hose m erits  and  shortcom ings are y e t  to  he ev a lu a ted , p re fe rab ly  b y  referee 
p rocedures.

Several iso lation  m edia are p re se n tly  being used  to  iso la te  L . monocyto
genes an d  several m ore h av e  been sugg ested  for use. H ow ever, no one m edium  
can  be expected  to  fu n c tio n  well for use  w ith  all foods in  all s itu a tio n s. Such a 
m ed ium  should be h ig h ly  selective a g a in s t co n tam in an ts  b u t  re ta in  m ax im um  
recovery  of listeriae  regardless of th e  food being analyzed . A n in d ica to r system  
w ould  alw ays be helpfu l in  fac ilita tin g  recognition  o f L . monocytogenes colo
nies.

Loopfuls from  ap p ro p ria te  se lective en rich m en t b ro th s  are alw ays 
s treak ed  onto su itab le  iso lation  m ed ia  including M odified M cBride agar, 
A criflav in e-N alid ix ic  A c id -S eru m  ag a r, LPM .

A fte r in cu b a tio n  a t  37 °C for 48 h  colonies ty p ic a l o f L . monocytogenes 
w ill be picked off and  th e ir  id e n tity  confirm ed b y  fu r th e r  exam in a tio n ; see 
below .

5. Biochem ical identification

T he genus Listeria  p resen tly  consists of seven species on th e  basis of 
D N A  re latedness. T hese include L . monocytogenes, L . ivanovii, L . innocua, 
L . welshimeri, L . seeligeri, L . grayi a n d  L . m urrayi. M orphological c h a ra c te r
istics an d  b iochem ical te s ts  used fo r genus and  species id en tif ic a tio n  are 
described.

Species id en tifica tio n  is based  on haem olysis, d e te rm in ed  e ith er on blood 
ag a r p la te s  or b y  th e  C A M P-test w ith  Staphylococcus aureus  or w ith  Rhodococ- 
cus eq u i; acid p ro d u c tio n  from  D -xylose, i-rh am n o se , a lpha-m ethyl-D -m an- 
noside and m an n ito l; an d  n itra te  red u c tio n . F u r th e r  in v estiga tions are re 
qu ired  to  im prove species id en tific a tio n , especially th e  d e tec tio n  of haem olysis.

6. Serotyping

A d istinc tion  should  be m ade be tw een  serogroup an d  serovar d e te rm in a 
tio n . Serogroups of lis teriae  1/2 a n d  4 are de te rm ined  using u n ab so rb ed  or 
ro u g h ly  absorbed sera, w hich are com m ercially  av ailab le . T he reference m ethod  
fo r se rovar d e te rm in a tio n  1/2 a, b, с, 3a, b , c, 4a, b, ab , c, d, e, 5, 6a, b is based  
on th e  detec tion  of a com bination  o f antigenic fac to rs  using  abso rbed  sera. 
M ethods for th e  p re p a ra tio n  of an tig en  an d  an tisera , a g g lu tin a tio n  m ethods and  
a lis t o f reference s tra in s  have been  published .
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7. Phage typ ing

A w orking g ro u p  on L . monocytogenes phage ty p in g  w as co n stitu ted  by  
th e  ICSB S ubcom m ittee  on T axonom y of Listeria, E rysipelo thrix , and Brochoth- 
r ix  during  IS O P O L  8 held  in  M adrid, Spain  in  1981. S ta n d a rd iz a tio n  of th e  
m e th o d s  used an d  se lec tio n  of th e  phages w ere s tu d ied  d u rin g  a m u lticen ter 
s tu d y .

Phage ty p in g  is p re se n tly  done in  3 lab o ra to rie s : A. A udurier, Tours, 
F ra n c e ; S. O rtel, H a lle , G D R ; an d  J . R o co u rt, P aris , F ra n c e . A fo u rth  la 
b o ra to ry  will be in  W a sh in g to n  DC, USA.

The m em bers o f  th e  w ork ing  group w ill discuss on p h ag es delivery, com 
p a riso n  of results on a g iven  se t of s tra in s , in te rp re ta tio n  of re su lts  and  nom en
c la tu re  of phage ty p e s .

F o r a m ore re liab le  association  of L . monocytogenes s tra in s  iso lated  from  
p a tie n ts  w ith those iso la te d  from  foods invo lved  in  ou tb reak s, re su lts  of serovar 
a n d  lysovar d e te rm in a tio n s  should  be linked  to  those o b ta in e d  by  m ethods 
b a se d  on for m o lecu lar m ark ers  w hich will be discussed in  th e  sections w hich 
follow .

8. Gene probe based techniques

Gene probe h y b rid iz a tio n  assay  m ay  well p rov ide th e  m ost specific 
m oans of id en tifica tio n  an d  en u m era tio n  of L isteria , p ro v id ed  conditions and  
re a g e n ts  are s ta n d a rd iz e d . These assays can be used  to  o b ta in  genus designa
tio n , species id e n tif ic a tio n  an d /o r to  verify  th e  presence of v iru lence-rela ted  
genes, e. g. haem olysin  genes.

T echniques h a v e  recen tly  been  increasing ly  sim plified  an d  w ith  th e  
a v a ila b ility  of n o n -iso to p ic , co lorim etric  d e tec tio n  system s, w ide-sp read  use of 
th is  techn ique  is a n tic ip a te d .

New h y b rid iz a tio n  assays shou ld  alw ays he ex tensive ly  com pared  w ith  
sev e ra l “ gold s ta n d a rd ”  co n v en tio n a l m ethods to  verify  efficacy .

9. The use o f  restriction fragm ent length 
po lym orphism s (R F L P s )  fo r  typ ing  L . monocytogenes

T he basis of th e  ty p in g  m eth o d  is th e  detec tio n  of in te r - s tra in  R F L P s 
w ith in  th e  species L . monocytogenes using a cloned D N A  p ro b e . D N A  from  
s tra in s  of in terest is c u t  w ith  a re s tric tio n  endonuclease. T he frag m en ts  gener
a te d  are  separa ted  acco rd in g  to  size, b lo tted  on to  m em brane f i l te rs  and  probed. 
T h e  probes (2 sequences o f a p p ro x im a te ly  10 k b  each) w ere selected from  
a lam b d a-p h ag e  D N A  lib ra ry  on th e  basis of th e ir  a b ility  to  hybrid ize w ith
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p o lym orph ie  re s tr ic tio n  frag m en ts  of a llL . monocytogenes s tra in s  an d  to  gener
a te  rep roduc ib le  p a tte rn s  of b ands. T he ty p in g  m ethod  tak es  a t  least 2 days to  
com plete  from  h arv estin g  cells to  d ev e lo p m en t of th e  b lo t an d  fu rth erm o re  
considerab le  m an ip u la tio n  is requ ired .

P re lim in a ry  stud ies suggest th a t  th e  rep ro d u c ib ility  o f th e  m eth o d  is 
excellen t.

10. Im m unoassay  techniques

R ecen t experience w ith  v a rious b a c te ria l pa thogens in d ica tes  th a t  m ono
clonal an tib o d y -b ased  im m unoassays a re  specific, sensitive, as w ell as easy  to  
p e rfo rm  an d  th u s  arc invaluab le  in  th e  ra p id  de tec tion  of such  pathogens. 
M onoclonal an tibod ies have been p rep a red  ag a in s t an tigens o f L . monocytoge
nes an d  L. innocua. All m onoclonal an tib o d ies  p repared  th u s  fa r reac t w ith  
L . monocytogenes and  a t least one o th e r L isteria  species.

M onoclonal an tibod ies specific for L. monocytogenes are n o t y e t available. 
A tte m p ts  to  p repare  such an  a n tib o d y  b y  im m u n iza tio n  w ith  in a c tiv a te d  
w hole cells or cell e x tra c ts  have n o t been  successful. A co n certed  e ffo rt needs 
to  be m ade to  id en tify  an tigen ic  com p o n en ts  un ique to  L . monocytogenes. 
Specific ex trace llu la r p ro te in s of L . monocytogenes, e. g. haem o ly sin , are good 
can d id a te s  for th e  genera tion  of species-specific m onoclonal an tibod ies.

A m onoclonal an tib o d y -b ased  sandw ich  im m unoassay  is com m ercially  
av a ilab le  fo r th e  d e tec tio n  of Listeria  spp . in  food p roducts.

11. Isoenzym e analysis

A pplica tion  of m ultilocus enzym e e lectrophoresis to  th e  species L. m o
nocytogenes has resu lted  in  th e  e s tab lish m en t of a schem e fo r su b ty p in g  th e  
organ ism . I t  fu r th e r  provides a fram ew o rk  fo r th e  s tu d y  o f  th e  p o p u la tio n  
genetics of th e  organism . F ifty -s ix  e lec tro p h o re tic  ty p es (ETs) w ere defined. 
W ith  tw o exceptions no E T  co n ta in ed  s tra in s  from  m ore th a n  one serogroup. 
T he s tro n g  association  of E T  to  serogroup  is fu r th e r  i llu s tra te d  b y  th e  deep 
sep a ra tio n  of those  ETs rep resen tin g  s tra in s  w ith  a H -an tig en  o f a and  tho se  
E T s rep resen tin g  s tra in s  w ith  a H -an tig en  o f b.

T his m eth o d  has been successfully  app lied  in  stud ies on th e  epidem iology 
of listeriosis.

12. Virulence markers

S everal v iru lence m arkers fo r L isteria  s tra in s h av e  been  proposed . 
P resence or absence of an tigen ic  m ark ers  associa ted  w ith  v iru lence  factors has
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n o t been  p roved  y e t. D ifferences in  cell-w all s tru c tu re s  m ay  be responsib le for 
d ifferences betw een  v iru len t, w eak ly  v iru le n t an d  a v iru le n t s tra in s . P hage- 
ty p in g , while a u sefu l epidem iologic m ark e r, appears to  be u n re la te d  to  v iru 
lence. B iochem ical reac tio n s also do n o t  ap p ear to  re f le c t v iru lence, w ith  th e  
possible excep tion  o f V P  an d  M R reac tio n s.

B eta -h aem o ly tic  p ro p e rty  of L . monocytogenes a n d  L . ivanovii is th e  on ly  
p ro v en  virulence fa c to r . The m olecular b ackground  o f listerio lysins is u n d e r 
ex am in a tio n . A n to n ’s te s t ,  mouse te s t ,  ch ick-em bryo  te s t  an d  cell cu ltu res  can  
be used to  de tec t v iru len ce  of Listeria  s tra in s .

Conclusions o f  the Panel M eetings held at the Tenth In ternational 
Sym p o siu m  on Listeriosis

1

Studies are b e in g  carried  ou t to  develop and  im p ro v e  m edia fo r th e  de
te c tio n  of L . monocytogenes and o th e r L isteria  species. H ow ever, on e lab o ra tin g  
new  or m odifying ex is tin g  m ethods th e  lite ra tu re  on available m eth o d s 
shou ld  be com prehensive ly  review ed.

2

Q u ality  con tro l o f  all liquid  an d  solid de tec tion  an d  id e n tific a tio n  m ed ia  
is essen tia l for p ro p e r assessm ent o f c o n tam in a to n  of food b y  L . monocyto
genes an d  o th e r L isteria  species.

3

R epairing  p ro ced u re  m ay he n ecessa ry  to  recover in ju red  L . monocyto
genes cells from  foods in  all instances.

4

T he w ide-spread  use of gene p robes to  id en tify , en u m era te  an d  ty p e  
L . monocytogenes can  be  expected  in  th e  n ea r fu tu re . O th e r prom ising te c h 
n iques include im m unofluorescence m eth o d s, isoenzym e analysis, E L IS A  p ro 
cedures, la te x  a g g lu tin a tio n  tests  a n d  th e  re stric tio n  frag m en t len g th  p o ly 
m o rp h ism  (R F L P ) ap p ro ach .

5

R esu lts  of se ro v a r an d  lysovar d e te rm in a tio n s  as w ell as those from  th e  
m eth o d s m en tioned  u n d e r  4 above, shou ld  be used in  epidem iological investi-
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g â tio n s. I t  shou ld  th u s  be possible to  d e te rm in e  w ith  g rea te r c e r ta in ty  re la 
tio n sh ip s  b e tw een  s tra in s  of L . monocytogenes iso la ted  from  p a tien ts  an d  su s
p e c t foods. I f  a d ire c t re la tionsh ip  b e tw een  p a t ie n t  and  food in  th is  sense c a n 
n o t be confirm ed  th a n  th ere  is no ep idem iological evidence for foodborne  
listeriosis.

6

V irulence fac to rs  of L . monocytogenes are  n o t fu lly  understood . T h e re 
fore e lucidation  of these factors th ro u g h  co n tin u ed  stud ies of in  v ivo or in  
v itro  m odels of in fec tion  is im p o r ta n t in  e s tab lish in g  how  stra in s  of L . m ono
cytogenes cause h u m a n  listeriosis. D esp ite  th e  av a ilab ility  of a b u n d a n t d a ta  
on  th e  usefulness o f  be ta -h aem o ly tic  p ro p e rtie s  of L . monocytogenes as v iru lence  
m ark ers , fu r th e r  research  in to  th e  m o lecu lar basis of haem oly tic  p h enom ena  
is requ ired .

t

C orrect p asteu riza tio n  of m ilk  sensu ID F  w ill “ e lim ina te”  L . monocyto
genes from  m ilk  a t  th e  level th a t  is likely  to  be p resen t in raw  m ilk o b ta in ed  b y  
s im ila r sound p rac tices . H ence th e re  shou ld  be no L . monocytogenes in  p a s te u r 
ized  m ilk and  ice cream .

8

L isteriae  o ften  occur on raw  m eats an d  p o u ltry . So fa r no case of h u m a n  
listeriosis associa ted  w ith the  ingestion  o f raw  m ea ts  has been rep o rted . H o w 
ever, th is  p rov ides no reassurance in  view  of (i) th e  well know n u n d e rre p o rtin g  
o f  food tra n s m itte d  infectious diseases in  g enera l; (ii) th e  lack  of aw areness in  
m a n y  areas of th e  role of food in  th e  tran sm iss io n  of listeriosis; (iii) in a d e q u a te  
bacterio log ical a n d  epidem iological m ethods. (See N ote.)

9

The n u m b ers  of L. monocytogenes on raw  m ea t and  p o u ltry  can an d  shou ld  
be m ark ed ly  red u ced  by  following o p tim a l h u sb a n d ry  an d  s laugh te ring  p ra c 
tices. S im ilar p rob lem s in  seafoods m a y b e  solved by  th e  app lica tion  of a p p ro 
p r ia te  m easures d u rin g  p ro d u c tio n  an d  p re p a ra tio n .

10

A lthough  i t  is im possible to  avoid  occasional low level occurrences o f 
L . monocytogenes in  raw  foods, m eticu lous a t te n tio n  to  hygiene m easures in
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a n im a l p ro d u c tio n , s lau g h te r, food p rocessing , ca te rin g  and  hom e p re p a ra tio n  
m u s t be m a in ta in ed . H ow ever, th e  p resence  of L . monocytogenes in  p ro d u c ts  
p rocessed  for m icrob io log ical sa fe ty  is u n ac c e p tab le .

11

In  th e  d ev e lo p m en t of food p ro d u c ts  in ten d ed  to  he s to red  fo r long 
p e riods a t re fr ig e ra tio n  te m p e ra tu re  a th o ro u g h  risk  analysis follow ed by  
design  of GM P’s is e ssen tia l to  p re v e n t food-borne listeriosis.

Note. S ince  th e  P a n e l  M eetings th e re  c ases  o f  h u m a n  lis te rio s is  c o n v e y e d  b y  m e a t  
p r o d u c ts  h a v e  b e e n  r e p o r te d .
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M a n u s c r ip ts  a r e  a c c e p te d  o n  th e  b a s is  o f  sc ie n tif ic  s ig n if ic a n c e  a n d  s u i t a b i l i ty  fo r  
p u b l ic a t io n  o n  th e  u n d e r s ta n d in g  th a t  t h e y  h a v e  n o t  b e e n  p u b l is h e d ,  s u b m itte d  o r  a c c e p te d  fo r  
p u b l ic a t io n  e lsew h ere . A c c e p ta n c e  d e p e n d s  o n  t h e  o p in io n  o f  o n e  o r  m o re  re fe re es  a n d  th e  d e c i
s io n  o f  t h e  E d i to r ia l  B o a rd .  P a p e rs  a c c e p te d  f o r  p u b l ic a tio n  a r e  s u b je c t  to  e d ito r ia l  re v is io n .

M A N U S C R IP T  S T Y L E

M a n u s c r ip ts  m u s t  b e  in  E n g lish  a n d  c le a r ly  a n d  c o n c ise ly  w r i t te n .  T h e y  sh o u ld  b e  ty p e d  
d o u b le  s p a c e d  w ith  w id e  m a rg in s . T w o  c o p ie s  o f  t h e  m a n u s c r ip t  sh o u ld  b e  s u b m it te d .

F O R M  O F  M A N U S C R IP T

T itle .  T h e  t i t l e  sh o u ld  b e  a  c le a r  a n d  c o n c ise  s t a te m e n t  o f  t h e  c o n te n ts  in  n o t  m o re  t h a n  
14 w o rd s . A  s h o r t  r u n n in g  t i t l e  o f  n o t  m o re  t h a n  40  le t t e r s  s h o u ld  a lso  b e  s u p p l ie d .  T h is  is 
fo llo w e d  b y  th e  a u th o r s ’ in i t ia l s  (fu ll  f i r s t  n a m e  o f  w o m e n ) a n d  s u r n a m e ,  a n d  th e  n a m e  o f  th e  
i n s t i t u t io n  w h e re  th e  w o rk  w a s  d one .

A b s tra c t .  T h is  s h o u ld  n o t  ex ceed  200 w o rd s  a n d  sh o u ld  o u t l in e  b r ie f ly  th e  p u rp o s e  o f  th e  
s t u d y  a n d  d e ta i l  i m p o r t a n t  f in d in g s  a n d  t h e  a u th o r s ’ p r in c ip a l  c o n c lu s io n s . R e d u n d a n t  
p h ra s e s ,  g e n e ra lly  k n o w n  in fo rm a tio n  a n d  r e p e t i t i o n  sh o u ld  b e  a v o id e d .

In t ro d u c t io n .  T h is  p a r t  sh o u ld  s t a te  b r ie f ly  t h e  n a tu r e  a n d  p u rp o s e  o f  th e  w o rk  a n d  c ite  
r e c e n t  im p o r t a n t  w o rk  b y  o th e rs .

M a te r ia ls  a n d  m e th o d s . D e sc rib e  m ic ro o rg a n ism s , m e th o d s ,  a p p a r a tu s ,  p ro c e d u re  a n d  
s t a t i s t i c a l  m e th o d s  in  s u f f ic ie n t  d e ta i l  to  a llo w  o th e r  a u th o r s  to  r e p ro d u c e  th e  r e s u l ts .  T h is  p a r t  
m a y  h a v e  su b h e a d in g s  l ik e  “ B a c te r ia l  s t r a in s ”  o r  “ C u ltu re  m e d ia ” .

R e s u l ts .  T h e  e x p e r im e n ta l  d a ta  sh o u ld  b e  p re s e n te d  c le a r ly  a n d  c o n c ise ly . A v o id  r e 
p e a t in g  in fo rm a t io n  p r e s e n te d  in  ta b le s  a n d  f ig u re s .

D isc u ss io n  sh o u ld  b e  fo c u sse d  o n  th e  i n te r p r e t a t i o n  o f  e x p e r im e n ta l  f in d in g s .  D o  n o t  
r e p e a t  l i t e r a r y  d a ta  p r e s e n te d  in  th e  I n t r o d u c t io n  o r  in fo rm a t io n  g iv e n  i n  R e su lts .

A c k n o w le d g e m e n t o f  g r a n ts  a n d  te c h n ic a l  h e lp .
R e fe re n c e s . C ite  o n ly  e sse n tia l re fe re n c e s . T h e y  sh o u ld  b e  a r ra n g e d  in  n u m e r ic a l  se

q u e n c e  a s  c i te d  in  th e  t e x t ,  w h e re  th e  n u m b e r s  a p p e a r  (in  p a r e n th e s e s )  w ith  o r  w i th o u t  th e  
a u th o r 's  n a m e . e .g . E d e n  a n d  H a n sso n  [1 ], F r a n k e l  [2 ] . G e lb a r t  e t  a l. [3] o r  [1 , 2 ]. T h e  
re fe re n c e  l is t  a t  t h e  e n d  o f  t h e  p a p e r  sh o u ld  c o n ta in

— fo r  jo u rn a ls :  n a m e s  a n d  in it ia ls  o f  a ll  a u th o r s ,  jo u r n a l  t i t l e  a b b r e v ia te d  a c c o rd in g  to  th e
s ty le  u se d  in  I n d e x  M ed icu s , v o lu m e  n u m b e r ,  p a g in a t io n ,  y e a r .

— fo r  b o o k s :  n a m e s  a n d  in it ia ls  o f  a u th o r s /e d i to r s ,  t i t le ,  p u b l is h e r ,  p la c e  a n d  y e a r  o f
p u b l ic a tio n ,  p a g e  n u m b e r .
A d d re ss  o f  th e  a u th o r s .  T h e  (fu ll) n a m e  a n d  m a ilin g  a d d re s s  o f  th e  a u th o r s  sh o u ld  b e  

g iv e n  a f te r  t h e  re fe re n c e  lis t .
T ab le s . T h e y  sh o u ld  b e  ty p e d  o n  s e p a ra te  s h e e ts  a n d  h a v e  a  c o n c ise  h e a d in g  e a c h . T a b le s  

a re  to  b e  n u m b e re d  s e q u e n tia l ly  b y  R o m a n  n u m b e rs .
F ig u re s .  G o o d -q u a l i ty  g lo ssy  p r in ts  o f  h a lf - to n e  i l lu s t r a t io n s  a n d  c le a r  lin e  d ra w in g s  in  

I n d ia n  in k  a re  a c c e p te d . T h e  n u m b e r  o f  th e  f ig u re ,  t h e  a u th o r ’s n a m e ,  a n d  th e  to p  o f  t h e  f ig u re  
sh o u ld  b e  in d ic a te d  l ig h t ly  in  so f t  p e n c il o n  th e  b a c k .  T h e  f ig u re s  a r e  t o  b e  n u m b e re d  s e q u e n tia l 
ly  b y  A ra b ic  n u m b e rs . C a p tio n s  sh o u ld  b e  p ro v id e d  o n  a  s e p a ra te  s h e e t .  A ll f ig u re s  sh o u ld  be  
re fe r re d  to  in  th e  t e x t  a n d  th e i r  a p p ro x im a te  p la c e  in d ic a te d  o n  t h e  m a rg in .

A b b re v ia tio n s  a n d  sy m b o ls . Q u a n tit ie s  s h o u ld  b e  e x p re sse d  in  S I  u n i ts .  A ll a b b re v ia t io n s  
sh o u ld  b e  sp e lle d  o u t  w h e n  f i r s t  u se d  in  th e  t e x t .  P le a s e  id e n t i fy  u n u s u a l  sy m b o ls  in  t h e  m a rg in .

N o m e n c la tu re  o f  m ic ro o rg a n ism s . B in o m ia l  n a m e s  sh o u ld  c o n fo rm  to  th e  I n t e r n a t io n a l  
R u le s  o f  N o m e n c la tu re  a n d  to  c u r re n t  te rm s  o f  t h e  I n te r n a t io n a l  C o m m itte e  o n  S y s te m a tic  
B a c te r io lo g y . N a m e s  u s e d  fo r  v iru se s  sh o u ld  b e  th o s e  a p p ro v e d  b y  t h e  In te r n a t io n a l  C o m m it
te e  o n  T a x o n o m y  o f  V iru se s  (IC T V ). G en eric  a n d  sp e c if ic  n a m e s  o f  sp ec ie s  sh o u ld  b e  w r i t te n  
in  fu ll  in  t h e  t i t l e  a n d  t h e  f i r s t  t im e  th e y  a p p e a r  in  t h e  a b s t r a c t  a n d  i n  th e  t e x t .  S u b s e q u e n t ly  
t h e y  sh o u ld  b e  a b b re v ia te d .  G en eric  a n d  sp e c if ic  n a m e s  sh o u ld  b e  u n d e r l in e d  fo r  i ta l ic s .  N o 
sp ec ific  n a m e  w i th o u t  a  c a p i ta l iz e d  g en eric  n a m e  sh o u ld  b e  u se d .

P ro o fs  a n d  re p r in ts .  T w o  se ts  o f  p ro o fs  w ill  b e  p ro v id e d ,  w h ic h  a re  r e q u e s te d  to  be  
r e tu r n e d  w i th in  48  h o u rs  o f  r e c e ip t  to  th e  E d i to r .  A l te ra t io n s  in  t h e  t e x t  a n d  e sp e c ia lly  in  th e  
i l lu s t r a t io n s  a re  e x p e n s iv e  a n d  sh o u ld  b e  a v o id e d . O n e  h u n d re d  a n d  f i f ty  r e p r in ts  o f  e a c h  p a p e r  
a re  su p p lie d  free  o f  c h a rg e . A d d it io n a l  r e p r in ts  c a n  b e  o rd e re d  a t  c o s t  p r ic e  a t  th e  t im e  th e  p a g e  
p ro o f  is  r e tu r n e d .
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HAEMOLYSIN PRODUCING CAPACITY AND 
MOUSE-PATHOGENECITY OF 
LISTERIA MONOCYTOGENES

S. B e r n á t h  a n d  M a r i a  P i t r o n

V e t e r i n a r y  a n d  F o o d  C o n t r o l  S e r v i c e ,
C o n t r o l  I n s t i t u t e  f o r  V e t e r i n a r y  B i o l o g i c a l s  

a n d  P h a r m a c e u t i c a l s ,  B u d a p e s t

(R e c e iv e d  F e b r u a ry  23 , 1988)

F o r  s tu d y in g  th e  r e la tio n s h ip  b e tw e e n  th e i r  h a e m o ly s in  p ro d u c in g  c a p a c i ty  a n d  p a t h o 
g e n ic i ty  o n  m ice , 12 L i s t e r i a  s t r a in s  w ere  in v e s t ig a te d ,  a n d  9 o f  th e m  w e re  re in v e s t ig a te d  o n e  
y e a r  l a te r .  H a e m o ly s in  p ro d u c tio n  w a s  m e a s u re d  o n  51C r-lab e lled  sh e e p  e ry th ro c y te s  a n d  th e  
5 0 %  h a e m o ly s is - in d u c in g  d i lu tio n  o f  th e  b a c te r ia l  su sp en s io n s  w as c a lc u la te d .  P a th o g e n ic i ty  
o f  th e  s t r a in s  w as e s t im a te d  b y  in tr a p e r i to n e a l  in je c tio n  o f m ice. I n  b o th  e x p e r im e n ta l  se r ie s  
th e  c o r re la t io n  c o e ff ic ie n ts  w ere  c a lc u la te d  ( r  =  0 .408 , t  =  1.41 a n d  r  =  0 .163 , t  =  0 .4 3 ). 
U s in g  th is  e x p e r im e n ta l  sy s te m , n o  c o r re la t io n  e x is te d  b e tw e e n  th e  h a e m o y s in  p r o d u c in g  
c a p a c i ty  a n d  m o u se -p a th o g e n ic ity  o f  th e s e  s t r a in s .

H aem olysin  p ro d u c tio n  is reg is te red  as an  im p o r ta n t in d ica to r  fo r th e  
v iru lence  o f Listeria  monocytogenes s tra in s . H ow ever, l i te ra ry  d a ta  are c o n tra 
d ic to ry  w here th e  rea l role of haem o ly sin  in  th e  pa thogenesis  of listeriosis is 
concerned.

H u n te r  e t al. [1] have  assum ed  th a t  a co rre la tion  ex ists be tw een  h aem o ly 
sin p ro d u c tio n  an d  viru lence. L a te r  G ira rd  et al. [2] found  th a t  pu rified  a n d  
c o n c e n tra ted  haem olysin  is re la tiv e ly  harm less for ra b b its , m ice and  gu inea- 
pigs. On th e  basis of th e ir  ex p erim en ts  th e y  h av e  concluded  th a t  no haem oly - 
sin -v iru lence  co rre la tio n  can be se t up  fo r L isteria  s tra in s. N joku-O b i an d  J e n 
kins [3] and  L em eland  et al. [4] cam e to  th e  sam e conclusion. O ther a u th o rs
[5] in jec ted  a p a r tly  pu rified  h aem olysin  to  rab b its  in tra v e n o u s ly  an d  o b 
serv ing  a febrile  te m p e ra tu re  and  cy to to x ic  effect, th e y  assum ed  th a t  th is  fa c to r  
m ay  h av e  som e role in  th e  p a th o g en ic ity . A ccording to  R alov ich  [6] one o f 
th e  m ost im p o rta n t — how ever no t ab so lu te ly  d e te rm in an t —  v iru lence m a rk 
ers o f L . monocytogenes is th e  b e ta -h aem o ly sin g  cap ab ility  o f th e  s tra in s  t h a t  
co rre la tes w ell w ith  th e  p ro v o ca tio n  o f k e ra to -co n ju n c tiv itis .

On th e  basis o f th e  ab ove-m en tioned  resu lts  we have tr ie d  to  set up n u m e r
ic re la tio n  betw een  th e  haem olysin  p ro d u c in g  cap ac ity  an d  m ouse-v iru lence 
o f d ifferen t lis te ria l s tra in s.

Sá n d o r  B e r n á t h , M a r ia  P it r o n

V e te rin a ry  a n d  F o o d  C ontro l Serv ice , C on tro l I n s t i tu te  fo r  V e te r in a ry  B io logicals an d  P h a rm a c e u tic a ls  
H -1581 B u d a p e s t,  P .O .B . 2 , H u n g a ry

1* Acta Microbiologica Hungarica 36, 1989
Akadém iai Kiadó, Budapest
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M aterials and m ethods

Bacterial strains. T w e lv e  L . monocytogenes s t r a in s  w ere  in v e s t ig a te d  in  th e  f i r s t  e x p e r i 
m e n t .  O ne o f  th e m , u se d  in  v a c c in e  p ro d u c tio n , h a d  a  d e c re ased  v iru le n c e , th e  o th e rs  w ere  
p r e v io u s ly  o r  n ew ly  is o la te d  f ro m  m a n , fro m  th e  fa e c e s  a n d  v a g in a  o f  h e a l th y  sh eep , a n d  f ro m  
sh e e p  d ied  o f  lis te r io s is  (T a b le  I ) .  O ne y e a r  l a t e r  w e  r e p e a te d  th e  e x p e r im e n t  w ith  9 o f  th e  
s t r a in s  (N o s 1, 2, 3, 6, 7, 8, 9, 11 a n d  12). C o n tro l o f  th e  h a e m o ly s in g  c a p a b il i ty  o f  th e  s t r a in s  
w a s  p e r fo rm e d  on b lo o d  a g a r  p la te s  fo llow ing o n e  p a s s a g e  in  m ice  a n d  th e n  c u ltu r in g  th e  s t r a in s  
o n  T r y p t ic  S oy  A g ar (T S A ) in  K o lle  b o ttle s . A f te r  c u l tu r in g  fo r  24 h , t h e  c u ltu re s  w ere  w a sh e d  
o f f  w i th  5 m l p h y s io lo g ic a l s a l in e  p e r  b o ttle  (b a sa l su sp e n s io n ) . T h e  c o lo n y -c o u n tin g , th e  h a e m o 
ly s is  a n d  m o u se  v iru le n c e  t e s t s  w ere  p e rfo rm e d  fo r  a ll  su sp en s io n s  in  o n e  se ries  o f  e x p e r im e n t .  
C o lo n y  c o u n tin g  w as b a se d  o n  th e  d e te rm in a tio n  o f  c o lo n y  fo rm in g  u n i t s  (c .f .u .)  on T S A  a g a r .

Virulence determ inations. S e ria l 10-fold d i lu t io n s  o f  th e  in d iv id u a l  s t r a in s  w ere  p r e p a re d  
in  h o rse  m e a t  b ro th . E a c h  o f  f iv e  m ice, each  w e ig h in g  1 8 -20  g, w e re  in o c u la te d  w ith  0.5 m l 
b a c te r i a l  su sp en s io n  in t r a p e r i to n e a l ly .  T h e  o b s e rv a t io n  p e rio d  la s te d  fo r  o n e  w eak . T h e  in fe c tiv e  
s t r a in  w a s  re iso la te d  f ro m  th e  m ice  p e rish ed . T h e  L D -0 v a lu e s  o f  th e  s t r a in s  w ere c a lc u la te d  
b y  th e  R e ed -M u en c h  m e th o d .

Radioisotope labelling o f  sheep erythrocytes. S h e e p  e ry th ro c y te s  w e re  w ash ed  th re e  t im e s  
w i th  p h y sio lo g ic a l sa lin e . T o  th e  c en tr ifu g e d  s e d im e n t  100 m l 2 %  e r y th r o c y te  su sp en s io n  c o n 
t a in in g  12 M B q  51Cr w a s  a d d e d  ( N a 2C r 0 4, I so to p e  I n s t i tu t e ,  H u n g a r ia n  A c ad e m y  o f S c ien ces , 
B u d a p e s t ;  spec ific  a c t iv i ty  1046  G B q /g ). T h e  e r y th r o c y te  su sp e n s io n  w a s  in c u b a te d  fo r  o n e  
h o u r  a t  37 °C w ith  te m p o r a r y  s t ir r in g s  (5 2 %  o f  th e  r a d io a c t iv i ty  w a s  b o u n d  to  th e  e r y th r o 
c y te s ) .  A fte r  w a sh in g  th r e e  t im e s ,  th e  e r y th ro c y te  su sp e n s io n  w a s  d i lu te d  u p  to  2 %  w ith  
sa l in e  (9 8 .9 %  o f th e  r a d io a c t iv i t y  w as b o u n d  to  t h e  e ry th ro c y te s ) .  T h e  r a d io a c t iv ity  o f  th e  
s a m p le s  w as m e a su re d  w ith  a  N Z  310 ty p e  A u to g a m m a  s p e c tro m e te r  (G a m m a  W o rk s , B u 
d a p e s t) .

D etermination o f  the haem olysis. To 500 ^1 p o r t io n s  o f  se ria l 3 -fo ld  d ilu tio n s  o f  th e  b a c 
t e r i a l  su sp en s io n s  w ere  in c u b a te d  w ith  th e  sa m e  q u a n t i t y  o f  la b e le d  e ry th ro c y te  su sp e n s io n s  
fo r  o n e  h o u r  a t  37 °C . A f te r  c e n tr ifu g a t io n  th e  r a d io a c t iv i ty  o f  th e  s u p e rn a te s  w ere m e a su re d . 
T h e  m a x im u m  r a d io a c t iv i ty  re le a s e d  a f te r  to ta l  h a e m o ly s is  w as d e te rm in e d  b y  u s in g  e r y th r o 
c y te  sa m p le s  ly sed  w ith  f re e z in g - th a w in g  th r e e  t im e s  fo llow ed  b y  a  o n e -h o u r  in c u b a t io n  in  
d is t i l le d  w a te r .  S p o n ta n e o u s  iso to p e -re le a se  w a s  m e a s u re d  in  th e  s u p e rn a te  o f  an  e q u a l  m ix 
tu r e  o f  lab e lle d  sheep  e r y th r o c y te s  a n d  sa line  in c u b a te d  a t  37 °C  as w ell. T h re e  p a ra lle l in v e s 
t ig a t io n s  w ere  m a d e  o n  e a c h  sa m p le .

T h e  deg ree  o f  h a e m o ly s is  w as c a lc u la te d  a c c o rd in g  to  P o lo s  a n d  G a lla h e r  [7]:

r a d io a c t iv i ty  o f  s p o n ta n e o u s  re - 
th e  s a m p le  lease o f  r a d io -
s u p e rn a te  ( c p m )  a c t iv ity  (c p m )  
m a x im u m  r e 
lea se d  — s p o n ta n e o u s  r e 
r a d io a c t iv i ty  lease o f  ra d io -
(c p m ) a c t iv ity  (c p m )

C o rre la tio n  c o e ff ic ie n t w a s  c a lc u la te d  o n  th e  b a s is  o f  th e  d ilu t io n s  o f  l is te r ia l  s t r a in s  
p ro v o k in g  5 0 %  h a e m o ly s is  a n d  th e  L D -0 v a lu e s  fo r  m ice .

P e rc e n ta g e  o f 
r a d io a c t iv i ty  =  
re le a s e d  d u e  
to  h a e m o ly s is

R esu lts

F igure  1 shows th e  experim en ta l re su lts  on th e  haem olysin  p ro d u c tio n  
o f th e  12 stra ins in v e s tig a te d  under th e  sam e  cond itions in  th e  f irs t ex p erim en t. 
T h e  percen tage  of haem olysis  was exp ressed  for th e  u n d ilu te d  b ac te ria l su s
pension  as well as for its  3-fold serial d ilu tio n s .

I t  is obvious from  F ig . 1 th a t  tw o  o f th e  s tra in s  p ro d u ced  little , n in e  of 
th e m  m edium  and  one o f  th em  great a m o u n ts  of haem olysin . On th e  basis of 
th e  degree of haem olysis we have ca lcu la ted  th e  very  d ilu tio n  of th e  b ac te ria l
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Haemolysis0/«

Dilutions of b ac te r ia l  su sp en s io n
F ig. 1. H a e m o ly s in -p ro d u c in g  c a p a c i ty  o f  12 Listeria monocytogenes s t r a in s .  T h e  d o t te d  lin e  

r e p re s e n t  th e  5 0 %  h a e m o ly s in -p ro d u c in g  c a p a c i ty  o f  th e  in d iv id u a l  s t r a in s

suspension th a t  m ig h t have  re su lte d  in  50%  haem olysis in  th e  g iven system . 
T he resu lts  o f th e  calcu la tions to g e th e r  w ith  th e  colony coun tings of th e  u n 
d ilu ted  b ac te ria  suspensions an d  th e  m ouse L D 50 values are  rep resen ted  in 
T ab le  I. The s tra in s  are ran g ed  accord ing  to  th e ir  haem olysin  p ro d u c tio n . The

Table I

H aemolysing activity and mouse L D 50 values o f  L . monocytogenes strains

N o.

S tra in

D esig n atio n
S ero 
ty p e

c. i. u . in 
0.5 m l baëal 

b a c te r ia l 
suspension

5 0 %  h a e 
m olysis*

M onse
L D so/0.5 m l**

l S h eep  ly m p h  node 1/2 3.8 x 1 0 s 237.6 104
2 R -18 1/2 3.6 x 1 0 s 8.8 101-7
3 B p -2 0 1 4 3.6 x l O 9 8.0 103 .5

4 K a ra n c s 1 1/2 4.3 x 1 0 s 5.4 102.84

5 Sur* 1/2 7.0 x 1 0 s 5.2 102.85

6 S á rs z e n tá g o ta 1 1/2 2.O x  1010 4.8 1025
7 22 Oe sheep  faeces 1/2 2.4 x 1 0 s 3.8 104
8 A U 1/2 3.3 x 1 0 s 2.93 1011
9 P á s z tó 1 1/2 2.7 x 1 0 s 1.79 102.5

10 B o d a jk 1 1/2 2.9 x 1 0 s 1.73 103.17

11 22 O u  sheep  v a g in a 1/2 3.8 x 1 0 s — 1.732 103.37

12 O U  sheep  ly m p h  n ode 1/2 2.2 x 1 0 s — 2.472 101

* R e c ip ro ca l d ilu tio n  o f th e  b a sa l  b a c te r ia l su sp en s io n  
** D ilu tio n  o f  th e  b a sa l b a c te r ia l  su sp en sio n  t h a t  k ille d  5 0 %  o f th e  in o c u la te d  m ice. 

C o effic ien t: r  =  0 .41 , t  =  1.42
1 I so la te d  f ro m  sheep  b ra in
2 C a lc u la ted  v a lu e
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differences in th e  co lony  co u n ts  o f th e  u n d ilu ted  suspensions o f th e  in d iv id u a l 
s tra in s  are  re la tive ly  sm all.

T he correlation  coeffic ien ts  for th e  haem olysis an d  m o u se-pa thogen ic ity  
of th e  12 stra ins w ere r  =  0.408 an d  t  =  1.41, re spec tive ly . I f  on ly  th o se  9 of 
th e  12 s tra in s  were consid ered  w hich  were used in  th e  second ex p erim en t one 
y e a r la te r , th e  values w ere  r  =  0.448 and  t  =  1.34, re sp ec tiv e ly . One year 
la te r  w hen  these 9 s tra in s  w ere re p ea ted ly  in v es tig a ted , th ese  coeffic ien ts were 
r  =  0.163 and  t  =  0.43.

Discussion

F o r ensuring s im ila r cond itions, all s tra in s  w ere in v es tig a ted  in  th e  sam e 
e x p e rim e n ta l series. T h e  d ifferences in  th e  colony coun ts of th e  u n d ilu ted  
b a c te r ia l  suspensions h a d  no adverse  effect on th e  s tu d y  o f co rre la tio n  betw een  
haem olysis  and m o u se-p a th o g en ic ity , because b o th  values w ere dete rm in ed  
b y  in v es tig a tin g  th e  sam e  b a c te ria l suspensions.

F ro m  d a ta  in  th e  T ab le  it  is obvious th a t  in  som e cases h igh  haem olysis 
v a lu es  are  connected w ith  low  L D S0 values. This fac t an d  th e  low  co rre la tion  
d a ta  ca lcu la ted  (r — 0.448 an d  r =  0.163, respective ly ) p o in t ou t th a t  in  th e  
g iven  system  th e re  is no  n u m eric  re la tio n sh ip  b e tw een  th e  haem olysin  p ro 
du c in g  cap ac ity  and  m o u se-p a th o g en ic ity  of th e  in d iv id u a l lis te ria l s tra in s . Ac
co rd in g ly , no t only th e  e x te n t o f haem olysis b u t  o th e r v iru lence  m arkers 
(R o c o u rt and  B erche [8]) h av e  to  be ta k e n  in to  consid era tio n  w hen  te s tin g  
th e  v iru lence  of lis te riae .
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NEW DEVELOPMENTS ON THE GENERATION 
OF MUTATIONS IN ESCHERICHIA COLI LYSOGENS

M . L i e b e r

D epartment o f  M icrobiology,
Stritch School o f  M edicine , Loyola U niversity  

M ayw ood , I llin o is , U S A

(R e c e iv e d  F e b ru a ry  2, 1988)

T h ro u g h  th e  ly t ic  p ro c e ss , P I is a  b a c te r io p h a g e  or v ir io n  c a p a b le  a t  v e ry  low  f re q u e n c y  
o f  c a r ry in g  o u t  g e n e ra liz ed  t r a n s d u c t io n  b e tw e e n  s t r a in s  o f  Escherichia coli. W h e n  P I  is n o t  
in v o lv e d  in  ly t ic  fu n c tio n s , i t  e x is ts  as a p ro p h a g e  in  th e  fo rm  o f  c ir c u la r  D N  A m o lecu le , p e r s i s t 
in g  in  a n  e x tra -c h ro m o so m a l o r  p la s m id  s ta te ,  a n d  n o t  in te g r a t in g  in to  th e  h o st c h ro m o so m e . 
E. coli c a r ry in g  su c h  p la sm id s  h a v e  b e e n  re fe rre d  to  as ly so g e n s . E a r l ie r  re se a rc h  d e a l th  w ith  
P I  p la sm id s  c a r ry in g  d ru g - r e s is ta n t  fa c to rs .  U p  to  th e  p re s e n t  s tu d y ,  P I  p la sm id s  o f  a n y  ty p e  
w ere  n o t  k n o w n  to  h a v e  a n y  m u ta g e n ic  e ffe c t on  th e  E . coli c h ro m o so m e  (g en o m e), n o r  w as 
i t  k n o w n  t h a t  g e n e ra liz e d  t r a n s d u c t io n  c an  b e  a s so c ia te d  w ith  m u ta g e n ic ity .  F ro m  P I  p la s m id s  
c a rry in g  a c h lo ra m p h e n ic o l  re s is ta n c e - fa c to r ,  m u ta n t  p la s m id s  o f  a  p a r t ic u la r  ty p e  w ere  iso 
la te d  in  th e  p r e s e n t  s tu d y .  P I  p la sm id s  o f  th is  ty p e  c a rr ie d  a  m u ta n t  f a c to r  w h ic h  g r e a t ly  
im p a ire d  th e  c a p a c i ty  o f  p h a g e  d e r iv e d  fro m  su c h  p la s m id s , u p o n  th e  c o m p le tio n  o f  
th e  ly t ic  c y c le , to  ly so g en ize  recA E . coli th ro u g h  p h a g e  p ro m o te d  re c o m b in a tio n . T h e  p la s m id  
o f  th is  m u ta n t  ty p e  is re fe rre d  to  as P IC M rec , a n d  ly so g e n s  c a r r y in g  su c h  a re  r e fe r re d  to  as 
P IC M rec  ly s o g e n s .T h is  p a p e r  d e sc rib e s  th e  h is to ry  o f  th e se  P IC M re c  ly so g e n s  a n d  th e  g e n e tic  
m u ta b i l i ty  w ith in  th e  E. coli c h ro m o so m e  o f su c h  P  I C M rec ly so g e n s , a n d  th e  r e la t io n s h ip  o f  
su c h  g e n e tic  m u ta b i l i ty  ( in s ta b i l i ty )  to  th e  in c o rp o ra tio n  o f  v ir io n -D N A , fo llow ing  th e  a b s o rp 
tio n  o f  P I  p h a g e  b y  th ese  ly so g e n s . A s i l lu s t r a te d  in  th e  p a p e r ,  a m u ta g e n ic  e ffec t w as g e n e ra te d  
w ith in  th e  E .co li ch ro m o so m e  o f  P IC M rec  ly so g en s b y  m ea n s  o f  th e  P IC M rec  p la sm id . F u r t h e r 
m o re , th is  m u ta g e n ic  e ffe c t w a s  fo u n d  to  be g re a t ly ,  n o n - lo c a lly , a n d  u n ifo rm ly  e n h a n c e d  as 
a  c o n se q u en c e  o f  P I  v ir io n  in c o rp o ra tio n  b y , o r l ik e ly  g e n e ra liz e d  tr a n s d u c t io n  of, su c h  ly so 
gens. M ore  sp e c if ic a lly , th e  p la s m id  o f  th is  m u ta n t  ty p e  (P IC M re c )  is re sp o n sib le  fo r  th e  c re 
a tio n  o f a w id e  ra n g e  o f  g e n e tic  m u ta b i l i t ie s  ( in s ta b il it ie s )  o f  d if f e r in g  d eg ree  w ith in  th e  E . coli 
gen o m e  (n o t c a r ry in g  recA ), so m e  m u ta b i li t ie s  b e in g  v e ry  h ig h  u p o n  e x te n d e d  in c u b a t io n .  T h e  
P IC M rec  p la s m id  w as also  in v o lv e d  in  th e  c re a tio n  o f  new  m u ta n t  gen es w ith in  th e  E . coli 
c h ro m o so m e , so m e  o f w h ic h  m a n ife s te d  h ig h  m u ta b i l i ty .  E v id e n c e  in d ic a te d  t h a t  p a r t s  (o r 
a p a r t )  o f P IC M re c  w ere  tr a n s p o s e d  to  th e  E. coli c h ro m o so m e  a n d  t h a t  su ch  t r a n s p o s e d  e le 
m e n t^ )  w ere  re sp o n s ib le  fo r  th e  o rg a n iz e d  c re a tio n  o f  new  m u ta n t  genes a n d  m u ta b i l i t ie s  
th ro u g h o u t  th e  E . coli g en o m e . C o n n e c te d  to  th is , i t  w as fo u n d  t h a t  v ir io n -D N A  in c o rp o ra tio n  
b y  (o r v e ry  lik e ly  g e n e ra liz ed  t r a n s d u c t io n  v ia  P I  o f) su c h  ly so g e n ic  b a c te r ia  c a r ry in g  P I  C M rec 
g re a tly  e n h a n c e d  th e  v a r io u s  m u ta b i l i t ie s  m e d ia te d  b y  P IC M re c , a s  w ell as m ak in g  th e  P lC M re c -  
g e n e ra te d  m u ta n t  reg io n s  (m a n y  o f  w h ic h  w ere  o r ig in a lly  s ta b le ,  o r  s lig h tly  m u ta b le )  u n 
s ta b le . I n  f a c t ,  a ll m u ta b i l i t ie s  o f  v a r io u s  reg io n s  a n d  o f  v a r io u s  d eg rees  w ere  s ig n if ic a n tly  
e n h a n c e d  to  th e  sa m e  d eg ree , a n d  in  m u c h  s h o r te r  t im e , a s  o p p o se d  to  w h a t o c cu rs  w i th o u t  
su ch  v ir io n -D N A  in c o rp o ra tio n ,  e v e n  th o u g h  so m e re g io n s  w e re  w id e ly  s e p a ra te d  in  th e  g e 
n o m e. I t  w as th u s  c le a r  t h a t  v ir io n -D N A  in c o rp o ra tio n ,  o r v e ry  lik e ly  g e n e ra liz ed  t r a n s d u c 
t io n , n o t  o n ly  e n h a n c e d  P IC M re c -m e d ia te d  m u ta b i l i t ie s  in  a s h o r te r  p e rio d , b u t  u n ifo rm iz e d  
th e m  as w ell. P ro c e sse s  in v o lv in g  th e  c re a tio n  o f  n o n -u n ifo rm  fo rc e  c o n f ig u ra tio n s  w ith in  th e  
E . coli g e n o m e  a re  p o s tu la te d  as u n d e r ly in g  su c h  p h e n o m e n a .

Mic h a e l  L ie b e r

1619 H o p k in s  S t .,  Д; 101, B erke ley , CA 94707, USA
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T hrough  th e  ly tic  process, P I  is a b ac te rio p h ag e  or v ir io n  capab le  a t 
v e ry  low  frequency  o f ca rry ing  ou t genera lized  tra n sd u c tio n  b e tw een  d ifferen t 
s tra in s  of Escherichia coli [1, 2]. In  genera lized  tra n sd u c tio n  a ra re  D N A  seg
m e n t of th e  b ac te ria l chrom osom e, e q u iv a len t in  leng th  to  a b o u t 2 m inu tes 
o f  th e  bac te ria l chrom osom e (Fig. 1, [3]), is in co rp o ra ted  in to  a p ro te in  capsule 
(capsid ) w hich goes to  m ake up a P I  v irio n . (A v irio n  can e ith e r be ju s t  a phage- 
p ro te in  capsul co n ta in in g  b ac te ria l D N A  or such  a capsul c o n ta in in g  phage

F i g .  i . T h e  E .  c o l i  K l 2 c h ro m o so m a l m a p  [3, 69] w i th  g e n e tic  f a c to rs  r e fe r r e d  to  a n d  u se d
in  th is  s tu d y

D N A .) U pon lysis an d  ad so rp tio n , th e  b a c te ria l D N A  of such  is in jec ted  in to  
a rec ip ien t b ac te riu m  w here th e  segm en t is in co rp o ra ted  th ro u g h  reco m b in a 
t io n  in to  a hom ologous region o f th e  re c ip ie n t’s chrom osom e [2 ,4 -1 0 ] . W hen 
P I  is n o t involved in  ly tic  fu n c tio n s, i t  ex ists  as a prophage in  th e  form  o f a 
c irc u la r  DNA m olecule, persisting  in  an  ex trach ro m o so m al o r p lasm id  s ta te  
[11], and  no t in te g ra tin g  in to  th e  h o st chrom osom e. Up to  th e  p re sen t s tu d y , 
P I w as no t know n to  h av e  any  m u tag en ic  effect on th e  host genom e. T hough  
su ch  a p lasm id is a se lf-rep licating  e n tity , on ly  one P I  p lasm id  can  ex ist per 
b a c te r ia l  cell [11].
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T his p lasm id  can be tra n s fe rre d  from  one s tra in  to  a n o th e r  also b y  w ay  
of th e  ly tic  process. U pon in fec tion , a f te r  th e  release of m a tu re  phage (v irions) 
follow ing ly sis , th e  linear, te rm in a lly -re d u n d a n t phage D N A  of a given v irio n  
is in jec ted  in to  a b ac te riu m  an d  is c o n v e rted  in to  a c ircu la r form  b y  m eans 
o f reco m b in a tio n  betw een  re d u n d a n t ends [11]. E . coli c a rry in g  such p lasm ids 
are  re fe rred  to  as lysogens. O ne g roup  of lysogens th a t  has been s tu d ie d  co n 
ta in s  th e  p lasm id  P1CM [12 ,13 ]. T his p lasm id  carries a genetic  reg ion  ( C M J  
con ferring  resis tan ce  to  th e  an tib io tic  ch lo ram phen ico l, an d  lysogens c a rry in g  
P1CM  can  grow  v e ry  well on m ed ia  hav ing  vario u s co n cen tra tio n s of c h lo ra m 
phenico l. P1CM  also carries th e  genetic  fac to r , c l ,  w hich allows th e  in itia tio n  or 
in d u c tio n  o f  th e  ly tic  process u p o n  th e  e lev a tio n  of te m p e ra tu re  from  32 °C 
to  42 °C, w hereupon  th e  release o f phage an d  su bsequen t in fec tion  of c h lo ra m 
phen ico l-sensitive  (cm) s tra in s  re su lts  in  th e  tra n sd u c tio n  o f a very  h igh  fre 
quency  o f b a c te ria  for ch lo ram phen ico l-resistance  (C M ).  T he  high freq u en cy  
tra n sd u c tio n  (transm ission) o f a genetic  m ark e r from  one b ac te ria l s tr a in  to  
a n o th e r  is re fe rred  to  as specialized  tra n sd u c tio n  and  in d ica tes  th a t  th e  m a rk e r  
in  q u estio n  resides on th e  p lasm id  ra th e r  th a n  on th e  chrom osom e o f th e  E . 
coli, w h ich  is th e  donor s tra in . P IC M cl v irio n s can  ca rry  o u t generalized  an d  
specialized  tra n sd u c tio n  up o n  th e rm o -in d u c tio n . G eneralized  tra n sd u c tio n  of 
m arkers d e le ted  in  recip ien ts does occur, b u t a t  a re la tiv e ly  v e ry  low freq u en cy
[9].

In  a s tu d y  b y  R osner [13], lysogens w ere found  in  a b o u t 30%  o f rec + 
(capab le  o f recom bination) cells and  3 %  o f recA (reco m b in a tio n -d efic ien t) 
cells in fec ted  w ith  P IC M cl, irre sp ec tiv e  of th e  m u ltip lic ity  o f in fection . T h e re 
fore, acco rd ing  to  Rosner. th e  reco m b in a tio n  fu n c tio n  of E . coli is no t e ssen tia l 
fo r, h u t  does fac ilita te  P1CM lysogen  fo rm atio n . A n im p lica tio n  of th is , as 
p o in ted  o u t b y  R osner, is th a t  P1CM  itse lf  carries a fac to r fo r p h ag e-p ro m o ted  
reco m b in a tio n  w hich enables it  to  c ircu larize  as a process o f lysogen iza tion . In  
th e  p re sen t s tu d y , such a p red ic ted  fac to r  (in m u ta n t form ) w as de tec ted .

T he p re sen t s tu d y  grew o u t o f th e  iso la tio n  of a p a r tic u la r  m u ta n t class 
o f P IC M cl p lasm id  in  connection  w ith  o th e r research  ob jec tives. M em bers o f 
th is  class o f p lasm ids, referred  to  as P IC M rec, (th is class o f p lasm id  is s till 
th e rm o -in d u c ib le  b u t th e  c l  fa c to r  w ill n o t alw ays be in d ica ted ), in t ro 
duced  as in fec tiv e  phage in to  E . coli recA  (reco m b in a tio n -d efic ien t, U V -sensi- 
tiv e ), w ere u n ab le  to  form  C M  lysogens. T h a t  is, th e y  w ere n o t able to  t r a n s 
duce recA  b a c te r ia  for CM , as opposed  to  norm al P1CM. In  c o n tra s t, th e y  
could  tra n sd u c e  recA  + b ac te ria  fo r C M ,since th e y  could form  PIC M rec lysogens 
of re c A + b a c te ria . This s tro n g ly  in d ica ted , in  view  of R o sn er’s w ork, th a t  
m em bers o f th is  m u tan t-p la sm id  class co n ta in ed  an  im p a irm en t in  re c o m b in a 
tio n  a b ility , so th a t  th e y  w ere u n ab le  to  c ircu larize  in  m ost or all cases u p o n  
in fec tion  (or inco rpo ra tion ) in  recA  b ac te ria , th e re b y  p rec lud ing  th e  fo rm a tio n  
o f p lasm ids in  such  b ac te ria . T he te rm  iirec'‘'’ refers to  or is a sym bol o f th a t
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im p a irem en t. This p ro p e r ty  of im paired  ly sogen iza tion  of PIC M rec o f recA  
b a c te r ia  was in h eritab le . M oreover, th is  defic iency  carried  b y  th e  various ly 
sogenic s tra in s  was n o t fu n c tio n a lly  n eg a ted  th ro u g h  co m p lem en ta tio n  betw een  
such  s tra in s , suggesting  i t  w as w ith in  th e  sam e locus in  all such s tra in s . All 
s tu d ie d  lysogens c a rry in g  P IC M rec were fo u n d  to  have unforseen  and  u n u su a l 
gene tic  m u tab ilities  w ith in  th e  E. coli chrom osom es w hich  could be fu r th e r  
m od ified  in  a genetica lly  u n stab le  m an n er u p o n  th e  in co rp o ra tio n  o f v irion  
D N A , an d  th u s  upon  th e  likely  generalized  tra n sd u c tio n  of these P IC M rec 
lysogens. This was exem p lified  in th e  fo llow ing w ay. B y m eans of th e  PIC M rec 
p lasm id , a m utagen ic  e ffec t was g enera ted  w ith in  th e  E . coli chrom osom e of 
PICM rec lysogens. F u r th e rm o re , th is m u tag en ic  effect w as found  to  be g rea tly , 
n o n -lo ca lly , and  un ifo rm ly  enhanced  as a consequence of P I  v irion  inco rp o ra tio n  
b y , o r v e ry  likely genera lized  tra n sd u c tio n  of, such  lysogens. In  th is  paper, th ese  
p h en o m en a  are described , de ta iled , and  developed  in an  h isto rica l m anner. In  
so do ing , th e  reader w ill b e t te r  u n d e rs tan d  an d  ap p rec ia te  th e  unfo ld ing  o f th e  
to ta l  th in k in g  requ ired  to  give a com plete p ic tu re  of th ese  phenom ena.

M aterials and m ethods

M edia. T h e  v a r io u s  t y p e s  o f  m ed ia  u se d , in c lu d in g  m ed ia  d e s ig n e d  to  se lec t fo r v a r io u s  
c la sses  o f  p ro to tro p h s  a n d  m e d ia  d e sig n ed  to  d e te c t  v a r io u s  c a r b o h y d r a te - m u ta n ts  ( su c h  as 
s t r a in s  u n a b le  to  u til iz e  la c to s e )  w ere  p re p a re d  a c c o rd in g  to  m e th o d s  d e sc rib e d  in  L u r ia  e t  
a l. [8] a n d  S to d o lsk y  e t  a l. [9 ]. M in im a l m ed ia  c o n ta in e d  th ia m in e ,  c o m p le te  (L u r ia )  m e d ia  
d e s ig n e d  to  se lec t fo r  c h lo ra m p h e n ic o l- re s is ta n t  ( C M)  co lon ies o r t r a n s d u c ta n t s  c o n ta in e d  60 
p g /m l  c h lo ra m p h e n ic o l. C o m p le te  m ed ia  u sed  fo r  th e  d e te c tio n  o f k a n a m y c in - r e s is ta n t  ( K N )  
t r a n s d u c ta n t s  c o n ta in e d  50 p g /m \  k a n a m y c in  a n d  c o m p le te  m e d ia  u se d  fo r  th e  d e te c t io n  o f  
s t r e p to m y c in - r e s is ta n t  ( s i rR) s t r a in s  c o n ta in e d  50 ^ag/m l s t r e p to m y c in .

Strains o f  E . coli K l 2 : see  T a b le  I. A d d i t io n a l  s t r a in s ,  w h ic h  a re  m u ta n ts ,  will b e  d e 
s c r ib e d  in  th e  co u rse  o f  th is  p a p e r .  U n less  o th e rw ise  in d ic a te d ,  in c u b a t io n  w as a t  31 °C.

Lysates. L y sa te s  ( P l - v i r io n s )  w ere p re p a re d  f ro m  th e rm o in d u c ib le  ly so g en s a c c o rd in g  
to  p ro c e d u re s  d esc rib ed  b y  R o s n e r  [13]. P h a g e s  w e re  t i t r e d  b y  m ix in g  a p p ro p r ia te  ly sa te -  
d i lu t io n s  a n d  1 X 108 e x p o n e n t ia l  g row ing  b a c te r ia  ( s t r a in  1800) in  3 m l o f s o f t -n u tr ie n t-a g a r ,  
c o n ta in in g  0.005 м  Ca + + , a n d  e m b e d d in g  (p o u r in g )  su c h  a g a r  o n  c o m p le te -m e d ia  p la te s ,  
w h e re u p o n  su ch  p la te s  w e re  in c u b a te d  a t  42 °C  o v e rn ig h t ,  a f te r  w h ic h  p la q u e s  w ere  sc o red .

Lysogen form ation  through P l-v ir io n  infection. P IC M cl a n d  P lK N c l  ly so g e n s  w ere  p r e p a re d  
a c c o rd in g  to  m e th o d s  d e sc r ib e d  in  R o sn e r [13].

Generalized transduction through P l-v irio n  in fection  ( or incorporations) . R e sp e c tiv e  c lasses 
o f  r e c ip ie n ts  fo r g e n e ra liz e d  tr a n s d u c t io n  w ere  g ro w n  in  r e s p e c t iv e  tu b e s  c o n ta in in g  3 m l 
L u r ia  B ro th ,  w i th  a e r a tio n ,  to  th e  sam e c o n c e n tr a t io n  in  e a c h  e x p e r im e n t  as d e te rm in e d  b y  
th e  u se  o f  a k le t tm e te r .  C u l tu r e s  w7ere  th e n  p la c e d  a t  ro o m  t e m p e ra tu r e  (21 °C). Ca + + w as 
a d d e d  ( to  e n h a n c e  p h a g e  a d s o r p t io n )  to  a f in a l c o n c e n tr a t io n  o f  0 .005  M, a n d  a n y  g iv e n  ly s a te  
w a s  a d d e d  w ith  th e  sa m e  m u lt ip l ic i ty  o f in fe c tio n  (m .o .i.)  as a n y  o th e r  in  a g iv en  e x p e r im e n t ,  
as in d ic a te d  in  th e  a p p r o p r ia te  e x p e r im e n ta l  ta b le .  A f te r  a g iv en  t im e  o f  a d s o rp tio n , as in d i
c a te d  in  a p p ro p r ia te  ta b le s ,  c o n c e n tra t io n s  o f b a c te r i a  w ere  a g a in  m e a su re d  to  c o n f irm  e q u a l 
c o n c e n tr a t io n s  a n d  e q u a l s a m p le s  from  th e  tu b e s  w e re  p la te d  on  a p p ro p r ia te ly  su p p le m e n ta l  
m e d ia . S te r i l i ty  c o n tro ls  w e re  d o n e  in  p a ra lle l.

The production o f  m u ta n t p lasm ids using the mutagen nitrosoguanidine ( N S G ) .  T h e  
p ro c e d u re  su g g e ste d  b y  S to d o ls k y  w as used . R a th e r  th a n  t r e a tin g  a  ly s a te  w ith  N S G , 1802-CM  
ly so g e n s  w ere  e x p o sed  to  N S G . T e n  m l o f t r is - m a le n a te  b u ffe r , p H  6, c o n ta in in g  100 p g /m l 
N S G  a n d  2 x  108/m l 1 8 0 2 -ly so g e n s  w ere  p re p a re d  (in  a tu b e )  a n d  le f t  a t  21 °C fo r 20 m in . T h e  
so lu t io n  w as th e n  c e n tr ifu g e d  a 8000 rp m  fo r  5 m in , s u p e r n a ta n t  c o n ta in in g  m u ta g e n  w as 
r e m o v e d , in s id e  o f  tu b e  w a s  r in s e d  w ith  b u ffe r ,  b e in g  c a re fu l n o t  to  d is tu rb  b a c te r ia l  p lu g . 
U p o n  r in s in g , 20 m l o f  L u r ia  B r o th  (L B ) w ere a d d e d ,  m ix e d  w ith  b a c te r ia ,  a n d  th e  e n ti r e  con-
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te n ts  was placed in  an  E rlen m ey er flask , an d  in cu b a ted  a t  32 °C in a sh a k e r-w a te rb a th . D uring  
in cu b a tio n , K le tt read ings w ere tak en . A 101 m sam ple of b ac te ria l so lu tion  w as rem oved  
from  th e  flask  in to  a te s t  tu b e  ju s t  a b o u t th e  tim e b ac teria  b eg an  to  show  increased  tu rb id ity  
(w hich in d ica ted  b ac teria l coats w ere no rm al, no t clear, and hence b ac te ria  w ere h e a lth y  and  
on th e  verge of m u ltip ly in g , P I  p lasm id  d iv id ing  in sy n chrony  w ith  b acteria l d iv ision  [11] and  
th erm ally -in d u ced  a t  42 °C in  a w a te rb a th -sh ak e r, add ing  0.01 M Mg + + to  th e  sam ple  b ac 
te ria l so lu tion  in  th e  te s t  tu b e  to  stab ilize  phage lysates. T he ly sa te  of such tre a te d  lysogens 
was iso lated  according to  m ethods p rev io u sly  referred  to . S u ch  a ly sa te  c o n ta in in g  likely 
m u ta te d  phage (and  hence fu tu re  m u ta n t  p lasm ids) was a d d ed  to  s tra in  1800 in  o rder to 
p roduce  C M  lysogens of 1800 carry in g  such  likely m u ta ted  P lC M c l p lasm ids. Such  C M  lyso
gens (in colonial form ), an d  w hich w ere also C M  tra n s d u c ta n ts , w ere d e tec ted  a t  v e ry  high 
frequency , using com plete  m edia +  ch loram phenico l as th e  se lective  m edia. (S tra in  1800 
con tro ls did no t grow on such m edia.) A larg e  sam ple of such  colonies, each  being  well spaced 
from  any  o th er colony, w as iso lated  and  pu rified  for fu r th e r  ch ara c te riz a tio n , t h a t  is, to  look 
for P1CM plasm ids hav in g  p a r tic u la r  m u ta n t  p roperties.

L ysates (w hich were show n resp ec tiv e ly  to  give rise to  co n tin u o u s p laq u es on  a law n 
of 1800 a t  42 °C) were p rep ared  from  a n u m b er of such P I  CM lysogens co n ta in ed  in  t h a t  sam ple. 
In  th is  case, ly sa tes were p rep ared  (induced  to  form ) a t  42 °C in  sm all wells co n ta in in g  grow ing 
cu ltu res  of the  lysogens in LB -f- M g+ + . U pon  2 h in cu b a tio n , a sm all drop of ch lorofrom  (to 
kill any  rem ain ing  lysogens) was added  to  each  well, and d ro p s o f ly sa tes  th e re fro m  (as well 
as 1802-lysate) w ere rep lica ted  (using p in -h ead s on a wood b lock) o n to  2.5 ml to p , so f t-n u tr ie n t 
ag ar con tain ing  respec tive ly  C600 and  1800 overla id  on a com p le te  m edia -f- ch lo ram phen ico l, 
and  in cu b a ted  o v ern ig h t a t  32 °C. P la te s  co n ta in ing  overlaid  1800 w ere also in cu b a ted  a t  42 °C 
to  te s t  for (confirm ) p laque  fo rm ation . U pon  in cubation , CM lysogens of 1800 (a t  32 °C) were 
e v id en t in th e  form  of m any  large colonies (m an y  confluen t) grow ing w here th e  d rops o f lysa tes 
had  been placed. On th e  C600 p la tes som e of th e  corresponding  d rops (b u t n o t th a t  from  1802) 
had  n o t given rise to  an y  areas of g row th  (tran sd u c tan ts) . (This p rocedure , using  la rg e r  drops, 
was rep ea ted  tw ice w ith  th e  sam e resu lts .)  On th e  s tra in  1800 p la te s  a t  42 °C, th e re  w ere clear 
regions (p laque confluence) in th e  b a c te ria l law n in all places w here ly sa te  d rops w ere placed. 
S te rility  con tro ls w ere  done in paralle l. C ontro l p lates con ta ing  C600 and  1800 o verla id  (in soft 
agar) on ch loram phenico l m edia  did n o t  grow  in repea ted  te s ts . T h is p rocedure  w as suggested  
by  M. S todolsky.

The lysa tes w ere added  to th e  recA  s tra in  (C600) and to  1800 (re c A +)  in o rd e r to  d e te r
m ine w h e th e r one could iso late  P I  CM lysogens of th e  recA s tra in . I t  was found  th a t  lysa tes 
(v irions) from  p a rticu la r  1800-PlC M cl lysogens, as opposed to  o th e rs , could n o t rep ea ted ly  
tran sd u ce  C600 for C M  (i.e., produce C 600-PlC M cl lysogens) w hereas th ey  could a lw ays tr a n s 
duce 1800 for C M . Such resu lts , especially  in  lig h t of R osner’s f in d in g s  [13] in d ica ted  th a t  th ere  
is a p a r ticu la r  sub-class of 1800-PlC M cl lysogens w hich carry  a m u ta te d  plasm id of a p a rticu la r  
ty p e , a ty p e  whose phage-offspring  are  u n ab le  to tran sd u ce  for CM (lysogenize) a b a c te ria l 
s tra in  deficient in  reco m b in a tio n  cap ac ity . A dditional in fo rm a tio n  p e rta in in g  to  th is  sub-class 
of m u tan t-ly so g en s will be p resen ted  in  th e  R esu lts section.

D etermination o f  nutritional requirements o f specific strains. In  o rder to  d e te rm in e  w h e th 
er c e rta in  stra in s  on ly  req u ired  c e rta in  am ino  acids, b ac teria  from  such s tra in s  w ere p u t  in  
te s t  tu b es  con ta in ing  liqu id  m inim al m edia  an d  in  te s t  tu b es co n ta in in g  liqu id  m in im al m edia 
p lus all am ino acids. T he am ino acids w ere L -am ino acids an d  each  was a t  a co n ce n tra tio n  of 
20 (Ug/ml. (Such su p p lem en tal m edia is re fe rred  to  as AM.) T es t tu b es  were th en  le f t in  a  31 °C 
ro lle r-d ru m  in cu b a to r for ab o u t 7 h, u p o n  w hich  tim es tu b es w ere observed  fo r grow ing cu l
tu res . Specific am ino-acid  req u irem en ts  w ere th en  d e term ined  b y  ad d ing  s tra in s  to  te s t  tu b es 
o f AM respec tive ly  m inus a given am ino acid  and  to  an  AM co n tro l. T he tu b es w ere th e n  in cu 
b a te d  in th e  31 °C ro lle r-d rum  for a b o u t 7 h , observed for grow ing cu ltu res .

Location o f  nutritional markers through conjugal crosses. G enera l p rocedures for th e  loca
tio n  of m arkers are described in S todo lsky  e t al. [ 9 |.I n  th is  s tu d y , I l f r l l -P lK N c l  (3 0 0 0 /P lK N c l)  
was used  as th e  m ale donor and  it  w as g row n a t  34 °C. This s tra in  w as used  as a d o n o r to  p re 
clude th e  P l-re s tr ic tio n  system  in th e  rec ip ien t [14]. (S todolsky , p e rso n al com m unica tion ). T he 
F -, C M  recip ien t w as grow n a t 32 °C. C on jugation  was carried  o u t a t  34 °C. T he E . coli m ap 
is based  upon  co n ju g a tio n  a t  37 °C. H ow ever, in th is  s tu d y , co n tro l ex p erim en ts  a t  34 °C, 
using  m arkers o f know n loca tion , in d ica ted  th e re  was no s ig n ifican t d ifference in tim e  of e n try  
of m ark ers  a t  th is lower tem p e ra tu re . Selection  p lates co n ta in in g  ch lo ram phen ico l w ere in cu 
b a te d  a t  31 °C for 30—34 h  before scoring.

Viability  o f  strains. B y low d en sity  p la tin g s o n to  com plete  m edium  from  a  g iven  con
cen tra tio n , th e  respec tive  v iab ilities of d iffe ren t s tra in s  were de te rm in ed . R espective  s tra in s  
were found  to have high, com parab le  v iab ilities . Also, on com plete  m edium  plus c h lo ram p h en i
col, th e  various C M  s tra in s , includ ing  1802, had  com parab le  v iab ilities .
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R esults

I . E nhanced  production o f  prototrophs confined  
to P IC M rec lysogens

O bservations focused  on M35, one of tw e n ty  P IC M re c -m u ta n t lysogens 
o rig in a lly  iso lated  fro m  th e  large g roup  of p re su m p tiv e  m u ta n t tra n sd u c ta n ts  
(i. e ., tra n sd u c ta n ts  w ith  p re su m p tiv e -m u ta n t p lasm ids). T he b a c te r ia  so t r a n s 
d u ced  w ere of b a c te r ia l s tra in  1800; th is  s tra in  has th e  sam e geno type  as 
ly so g en -s tra in  1802. I n  a  s tu d y  designed to  d e te rm in e  th e  effect o f th e  rec 
f a c to r  of P IC M o n  th e  g en e ra tio n  o f various ty p e s  of tra n s d u c ta n ts , M35 and 
1802 w ere in fected  w ith  P I  p hage  (virions) from  th e  p ro to tro p h ic  lysogen 7103 
in  tw o  sequen tia l ex p e rim en ts . Follow ing th e  in co rp o ra tio n  o f  v irion  DNA 
fro m  7103 (lysate) b y  M35 an d  7103 ly sa te  b y  1802 w hich in  tw o  separa te  
a liq u o ts , carries a n o n -m u ta n t  P I  CM, th e re  w ere fa r g rea te r  frequencies of 
P r o + an d  arg + p ro to tro p h s  in  each ex p erim en t am ongst M35 lysogens th a n  
am o n g s t th e  sam e n u m b e r  o f 1802 lysogens (see Tables l i a ,  l i b ) .  A m ong th e  
p r o + p ro to tro p h s  alone , th e  d ifference b e tw een  th e  frequencies o f  M35 p r o + 
colonies and  1802 p r o + colonies w as a t leas t 160-fold in  each  ex p erim en t. The 
d ifference betw een th e  frequenc ies of M35 a rg+ colonies an d  1802 a rg + colonies 
w as n o t as grea t. W ith  re g a rd  to  th e  frequencies o f M35 p ro to tro p h s , it is 
sugg ested  th a t  th e  b r ie f  t ra n s ie n t in d u c tio n  (w hich, how ever, is n o t enough to  
in d u ce  lysis [10]), a t  h ig h  te m p e ra tu re  h ad  a depressive effect. T esting  200 
o f th e  p r o + M35 p ro to tro p h s  fo r a rg in ine  re q u ire m e n t, all w ere arg + . T esting  
200 o f  th e  orig inal a rg + M35 p ro to tro p h s , all w ere pro + . A lso, all M35 proto- 
t r o p h  w ere CM , in d ic a tin g  th e  con tin u ed  p resence  o f P lC M rer. (A velvet-en- 
c lo th ed , circular re p lic a to r  w as used is such a te s t.)  E ig h ty  p er cen t o f 1802 
a rg + p ro to tro p h s w ere pro.

T he preceding f in d in g s , su b seq u en t to  an  in co rp o ra tio n  o f v irio n  DNA, 
o r su b seq u en t to  a lik e ly  generalized  tra n sd u c tio n , were c learly  unexpected  
an d  unpreced en ted . T h e  th e re b y  w a rra n te d  fu r th e r  in v es tig a tio n . M35 and 
1802 w ere again in fec ted  w ith  phage from  7103. (P hage  p ro d u ced  b y  th e  lyso
gen  7103 is re fe rred  to  as 7103 cp.) A t th e  sam e tim e , seven o th e r  PIC M rec 
ly sogen -stra in s w ere also su b jec ted  to  in fec tio n  b y  7103 çs. T h is tim e  one also 
looked  for h is+ p ro to tro p h s . T he resu lts  are  in  T ab le  I I I .  T he frequencies of 
pro  +, a rg+, and h is + p ro to tro p h s  am ongst M35 lysogens w ere c learly  far g rea ter 
th a n  th e  frequencies o f such  found am ong th e  sam e n u m b er o f 1802 lysogens. 
O f his + colonies te s te d , all w ere p r o + arg + ; o f  p r o + and  a rg + colonies te s ted , 
all w ere his + . These colonies w ere CM . F u rth e rm o re , th e re  w ere exceedingly 
fa r  g re a te r  frequencies o f  p r o +, arg +, and  h is + p ro to tro p h s  am o n g st th e  lyso
gens o f  each of th e  sev en  o th e r PIC M rec ly sog en -stra in s  th a n  am ongst the  
sam e num ber of 1802-lysogens. In  fac t, for each  o f th e  th re e  d iffe ren t p ro to-
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Table I

S tra in Sex R e le v ea n t c h a rac te ristic s  an d  nom enclature*4 Source

1800 Г — [arg l]c [proA ProB  argF  lac]b his m etB  m alT  
x y l strR

Stodolsky

18021* Sam e genotype as 1800 -f-  PICM cl R osner
Stodolsky

8800/PlK N cl Sam e genotype as 1800 -\~ P lK N c l F rom  1800 
Stodolsky

8330 F - leu A  proC p u rE  trp strR P I  (defective) M arkow itz

7103' F - P ro to tro p h -P lc l S todolsky
R osner

3000/PlK N cl H frH P ro to tro p h -P  1 K N  cl F rom  3000 
(L uria)

C600 F - L eu A  lac recA su strR R osner

a All s tra in s  requ ire  th iam ine , sym bolized by thi; a rg l and  arg F , each determ ining req u ire 
m ent for arginine (though  d ifferen t loci, each is responsible for a deficiency of the  sam e enzym e); 
pro A , pro В , and  proC  genetic regions or loci, each determ ining a req u irem en t for p ro line ; leu A ,  
trp , p u rE , met В , and  his, genetic regions or loci determ ining req u rem en ts  for respectively leucine, 
try p to p h an e , pu rine  (adenine), m eth ion ine, and h istidine. T hr , phe , try , and  ilv , m u ta n t regions 
or loci determ in ing  requ irem ents respectively  for th reonine, pheny la lan ine, tyrosine, an d  iso
leucine-valine; lac, m a lT , and  x y l , loci determ ining an  in ab ility  to respectively  u tilize lac tose , 
m altose, and  xylose as carbon sources. strR, locus determ in ing  resistance  to  strep tom ycin  ( sir8, 
allele determ ining strep tom ycin -sensitiv ity ); recA , in ab ility  to  e v en tu a te  recom bination , UV 
sensitive; su, unab le  to  surpress am ber m u ta tio n s in PI. P I  is a tem p e ra te  bacterio-phage ex isting  
as a p lasm id in  E . coli K l 2. This p lasm id  can be induced to  produce m atu re , infective phage 
in a lysate. Plcl is a p lasm id w hich is therm o-inducib le a t  42 °C to  g en era te  infective phage and 
lysis. P1CM1 is a P I  plasm id carry ing  a chloram phenicol resistance-facto r ( C M)  and  w hich is 
therm oinducible. P lK N c l is a p lasm id  carry ing  a kanam ycin  resistance-facto r ( K N )  and  w hich 
is therm oinducible. E . coli s tra ins carry ing  such PI plasm ids are re ferred  to  as lysogens. Only 
one plasm id can  ex ist or be m ain ta in ed  per bacterium .
Additional nomenclature : m u tab ility  o f arg m eans th a t  m u tab ility  of non-dele ted  genetic region(s) 
resulting in  th e  negation  of a rg in ine-requ irem ent, and m u tab ility  of pro  m eans th a t  m u tab ility  
of non-deleted genetic  region(s) re su lting  in th e  negation  of p ro line-requ irem ent. F u rth e rm o re , 
m u tab ility  of respectively  his, met, leu, trp , and ilv will be tak en  to  m ean  m u tab ility  of genetic  
region(s) involved in allowing respec tive  requ irem ents for h istid ine , m ethionine, leucine, t ry p to 
phane, and isoleucine-valine

b Genes w ith in  b rackets refer to  a  deletion con tain ing  such genetic  regions. The deletion  
is abou t 1' in  m ap-leng th  [11]. I t  has been referred to  as X I 11. 1800 is also auxotrophic  for 
those  deleted  m ark ers

c a rg l  is de le ted . 1800 is also au x o troph ic  for th is  deleted  m ark e r
d T ran sd u ctio n  of deleted m ark ers  occurs, b u t com parable s tra in s  w ithou t th e  deletions 

are  transduced  a t  a m uch g reater frequency  for th e  sam e m arkers [9]
e This lysogen produces w ild -type  PI carry ing  th e  therm o-inducib le  gene

tro p h ic  classes (also inc lud ing  th o se  in  M35), th e  differences in  frequencies, 
com pared  to  1802, w ere a t  le a s t 100-fold in  th e  m a jo rity  o f cases.

In  o th e r experim en ts, M 35(PlC M rec) an d  1802(P1CM ) w ere again in fec ted  
w ith 7103 cp. I n  T ables IV , Y an d  V II, we again  see th e  phenom enon  o f v e ry
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Table На

R esults o f  an infection o f  specific  strains with P I virions in order to bring about generalized trans
duction fo r  prototrophic markers on all-x mediaa

S tra in s  in fec ted  
an d  v irio n  c lass used®

F re q u en c y  o f  p ro to tro p h s  (No. o f  p ro to tro p h ic  colonies 
p e r p la te  and  p e r b a c te ria  p e r  p la te )15

Selection :P ro to tro p h ic
for: p ro + arg + classes

1802 +  P I  -  7103d 10 87

M35 +  P I -  7103 1600 1580

1802 +  P I -  7103 
(1802 tran sien tly  induced  a t  
42 °C for 5' before adso rp tion )

4 8

M35 +  P I -  7103
(M35 transien tly  induced  a t 
42 °C for 5' before adsorp tion)

850 900

S tra in s  n o t  in fec ted

М3 5 0 0

1802 0 0

a M inimal m edia p lus h istid ine , proline, arg in ine, m ethionine m inus a given am ino-acid 
b 2.5 X 107 b acteria  p la te d  per p la te
c M.o.i. =  0.9. A dsorp tion  was for 40' a t  21 °C. period of in cubation : 2 days 
,l Phage of a lysate  derived  from  the  p ro to tro p h ic  lysogen, 7103

Table lib

S tra in s  in fe c te d  F req u en cy  o f  p ro to tro p h s  (No. o f  p ro to tro p h ic  colonies
an d  v irion  c lass u se d b p e r  p la te  an d  p e r b ac te r ia  p e r  p la te )a

Selection
for: pro + arg +

:P ro troph ic
classes

1802 +  P I  -  7103 0 85

M35 +  P I  -  7103 2200 1800

1802 +  P I — 7103
(1802 transien tly  induced  a t 
42 °C for 5' before adsorp tion)

1 17

M35 +  P I  -  7103
(M35 transien tly  induced  a t  
42 °C for 5' before adso rp tion )

710 650

S tra in s  n o t  in fec ted

M35 0 0

1802 0 0

a 2 .5 x l0 7 b acteria  p la te d  per p la te
b M.o.i. =  0.9. A d sorp tion  was for 40 ' a t  21 °C. Period  of incu b a tio n : 2 days
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Table HI

Results o f  an infection o f specific strains with PI virions in  order to bring about generalized trans
duction fo r  prototrophic markers on all-x media

S tra in s  in fec ted F re q u en c y  o f p ro to tro p h s  (N o. o f  p ro to tro p h ic  co lonies
and  v irion  c lass u sed '1 p e r  p la te -  3.4 x l O 7 b a c te r ia  p e r  plate)**

Selection :P ro to tro p h
for: his + pro + arg+ classes

1802 +  P I  -  7103 (A) 0 0 0

1802 +  P I  -  7103 (B) 0 0 0

M35 +  P I -  7103 110 67 70

M781 +  P I -  7103 82 87 72

M534 +  P I -  7103 65 82 56

M542 +  P I -  7103 70 74 68

M364 +  P I -  7103 114 40 75

M294 +  P I -  7103 120 1 1 0 100

M797 +  P I -  7103 112 124 95

M536 +  P I -  7103 54 70 104

S tra in s  n o t  in fec ted

1802 0 0 0

M35 0 0 0

M781 0 0 0

M534 0 0 0

M542 0 0 0

M364 0 0 0

M294 0 0 0

M797 9 0 0

M536 0 0 0

a M.o.i. =  0.05. A dsorp tion  was for 40 ' a t  21 °C 
ъ Period  of incubation  was 2 days

en h an ced  p ro to tro p h ic -p ro d u c tio n  in  M35 re la tiv e  to  th e  degree o f such  in 
1802, su bsequen t to  v irio n  infec tion . A ll experim en ts, th u s  fa r, have  show n th is  
phenom enon  to  be rep roducib le .

T he degree of enhanced  p ro to tro p h -p ro d u c tio n  is d ep en d en t up o n  th e  
m .o .i. N evertheless, th e  frequencies o f th e  d ifferen t M35 p ro to tro p h ic  classes 
in  an y  experim en t are com parab le , in d ica tin g  a u n ifo rm ity  in  th e  genera tion  
o f d iffe ren t p ro to tro p h ies . T h ro u g h  ex trap o la tio n , M35 p ro to tro p h s  are  very  
p ro b ab ly  all arg+ p r o + h is +. T his fu r th e r  ind icates an  u n ifo rm ity  in  th e  gener
a tio n  o f d ifferen t p ro to tro p h ie s .
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I t  is clear from  all p reced ing  resu lts  th a t  th e  PIC M rec-plasm id is in  
som e w ay  responsible fo r th is  v e ry  enhanced  p ro d u c tio n  o f p ro to tro p h s . I f  
som e form  of p lasm id -en h an ced  generalized  tra n sd u c tio n  w as invo lved  in  th e  
p ro d u c tio n  of those  v e ry  h igh  frequencies , it  is c lear th a t  la c + was no t being 
tra n sd u c e d  or was n o t im p lic a te d  in  th e  enhanced  changes (d a ta  n o t ta b u la te d ).

Possibly, som e fo rm  o f en h an ced  tra n s fo rm a tio n  invo lv in g  7103-donor 
D N A  was im p lica ted . To ru le  ou t th e  p o ssib ility  th a t  7103 b a c te r ia l-tra n s fo r
m in g  D N A  was also c o n ta in e d  in  th e  7103 (p ly sa te , th e  7103 ly sa te  was tre a te d  
w ith  D N ase before th e  ly sa te  w as added  to  M35 an d  1802. A con tro l in  w hich 
7103 ly sa te  was n o t t r e a te d  w ith  D N ase was also perfo rm ed . I t  is clear from  
T a b le  V th a t  th e  D N ase  t r e a tm e n t  h a d  no effect on th e  v e ry  en h an ced  p ro d u c
t io n  o f  p ro to to ro p h s. C learly , th e  phenom enon  o f e n h a n c e d -p ro to tro p h  p ro d u c
tio n  does no t involve a  b a c te ria l-D N A  tran sfo rm in g -v ec to r.

I I .  Increased prototrophy related to chromosomal 
changes induced by m utant p la sm id

T hough th e  P IC M rec-p lasm id  is im p lica ted  in  th e  en h an cem en t of pro- 
to tro p h  frequency , i t  w as s till n o t clear in w h a t m an n er it  w as responsible. 
N or w as it  clear w h e th e r  b y  tra n sfe rr in g  P IC M rec by  w ay  o f tra n sd u c tio n  of 
1800 (lysogenization  o f 1800), one could derive  a new set o f M35 lysogens, 
w h ich  w ould in  tu r n  give rise  to  a v e ry  h igh freq u en cy  o f M35 p ro to tro p h s

Table IV

R esults o f  an infection o f  specific  strains w ith P I  virions in  order to bring about generalized trans
duction fo r  prototrophic markers on all-x media

S tra in s  in fe c te d  
and  v irio n  c lass u se d a

F req u en cy  o f  p ro to tro p h s  (Nc 
per p la te  — 3.4  x Ю7

). o f  p ro to tro p h ic  colonies 
b a c te ria  p e r  plate)*5

Selection :P ro to tro |)h -
for: his + pro + a r g  + classes

1 8 0 2  +  P I -  7 1 0 3 1 6 0 0
1 4 0 0

M 3 5  +  P I — 7 1 0 3 5 0 7 8 6 3
5 1 6 2 6 4

S tra in s  n o t  in fe c te d

M 3 5 0 0 0
0 0 0

1 8 0 2 0 0 0
0 0 0

1 M.o.i. =  0.05. A d so rp tio n  was for 45’ a t  21 °C 
b Period of in cu b a tio n  w as 2 days
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Table V

Results o f  an infection o f specific strains w ith PI virions using all-x media

S tra in s  in fec ted  
a n d  v ir io n  class useda

F re q u en c y  o f  p ro to tro p h s  (N 
p e r  p la te  — 3.4  x Ю7

о. o f  p ro to tro p h ic  colonies 
b a c te r ia  p e r  p la te )1*

Selection : P ro to tro p h ic
for: his + pro + arg + class

1802 +  P I  -  7103 48f 0 3
43' 0 2

1802 +  P I  -  7103 50M 0 4
(D N ase tre a te d )3 46‘ 0 3

M35 - f  P I  — 7103 154е 172е 153°
(D N ase tre a te d )3 136е 153 147

M35 +  P I  -  7103 148е 127 159
144° 150е 152°

S tra in s  n o t  in fected

1802 0 0 0
0 0 0

M35 0 0 0
0 0 0

a M.o.i. =  0.1. A dsorp tion  was for 45’ a t  21 °C
ъ Period  of in cu b a tio n  was 2 days
“ These colonies w ere tes ted  for C M ; all were C M
d 0.1 mg D N ase pe r m l of lysate. T re a tm e n t was for 1 h  before ly sa te  was added to  b ac teria  
e All h is + colonies were found to  be  arg + 
f All 1802-/i/s+ colonies were arg

re la tiv e  to  1802 u p o n  infection  w ith  7103 <p. N am ely , is th e  fac to r (or fac to rs) 
p ro m o tin g  en h an ced  p ro to tro p h  p ro d u c tio n  in h e rite d  exclusively  b y  w ay  o f 
P IC M rec?  To te s t  th is  idea a p h ag e-ly sa te  was p rep a red  from  M35; 1800 w as 
in fec ted  w ith  such , using given m ed ia  to  iso late  C M  tra n s d u c ta n ts , t h a t  is, 
1800-P lC M rec lysogens w hich rece iv ed  P IC M rec from  M35. F rom  fiv e  such  
CM lysogens, d esig n a ted  resp ec tiv e ly  as 3 5 t- l , 35 t-2 , 35t-3 , 35t-4, an d  35t-5 , 
cu ltu res  w ere p rep a red , and  7103 (jp w ere added  for in fec tion . A n 1802 co n tro l 
w as p rep a red  an d  in fected . R esu lts  a re  in  T able V I. I t  is clear th a t  th e  pro- 
m o tin g -p ro p e rty  o f enhanced  p ro to tro p h  p ro d u c tio n  can n o t be tra n s fe rre d  b y  
w ay  o f th e  p lasm id  alone from  one g roup  of b a c te ria  (I) to  an o th e r (II) . T he 
keyw ord  is “ a lone” , for it  is clear th a t  P IC M rec is som ehow  im p lica ted  in  
enhanced  p ro to tro p h  p ro d u c tio n  in  g roup  I ; its  m ode of ac tion  m ay  be con
t in g e n t or d ep en d en t on genom ic changes i t  in d u ced  w ith in  th e  genom e of 
g roup  I  b ac te ria , changes w hich fo r som e reason  it  could  n o t induce in  g roup  
I I  h a c te r ia . l t  is possib le th a t  th e  p u ta t iv e  changes in itia lly  crea ted  b y  P IC M rec 
in th e  chrom osom es o f group I  b a c te r ia , M 35(P lC M rec), w ould be su ffic ien t b y
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th em se lv es , and hence w ith o u t th e  p lasm id , to  be responsible fo r th e  in d u c tio n  
o f in c reased  p ro to tro p h y . T his position  can  be te s te d  b y  rep lac ing  th e  PICMrec 
p la sm id  w ith  an o th e r p lasm id , P lK N c l, know n n o t to  be responsib le  for any  
u n u su a l p roperties. As on ly  one PI p lasm id  can  be m a in ta in ed  in  an y  E . coli 
b a c te r iu m , one can in fe c t M35 w ith  v irions, p rep a red  from  lysogens con ta in ing  
P l K N c l ,  a p lasm id c a rry in g  a k an am y c in -res is tan ce  fac to r, an d  select for 
k a n a m y c in -res is tan t (K N ) tr a n s d u c ta n ts . A P lK N c l  p lasm id  p resen t in  1800 
w as in tro d u ced  in to  M 35, rep lac ing  PICM rec. K N  colonies [ K N  tra n s d u c ta n ts  
o f M35) were observed  on k a n am y c in  p lus com plete  m edia . One of these  
tr a n s d u c ta n ts ,  35K N -a, w as fu r th e r  p u rified , p roducing  a g roup  o f 35 K N -a 
colonies. A n iso late w as o b ta in ed  an d  a c u ltu re  o f 35K N -a w as in fec ted  w ith  
7103 qp. C ontrol cu ltu res  of M35, 1802, an d  P lK N c l/1 8 0 0  w ere also in fected  
w ith  7103 99, w ith  th e  o b jec tiv e  o f seeing th e  effects o f v irion  D N A  in co rp o ra 
tio n . R esu lts  are in  T ab le  V II.

T h e  frequencies o f  35K n-a  p ro to tro p h s  w ere ex trem ely  h igh , com parab le  
to  th o se  of M35 p ro to tro p h s , w hile 1802 an d  P1K N /1800 lysogens h ad  no

Table VI

Results o f  an infection o f specific strains with P I  virions using all-x media

S tra in s  in fe c te d  a n d  F req u en cy  o f  p ro to tro p h s  (N o. o f  p ro to tro p h ic  co lon ies
v irio n  c lass u se d a p e r  p la te  — 3.1 X  107 b a c te ria  p e r plate)*5

Selection : P ro to tro p h ic
for pro + arg+ class

1802 +  P I  -  7103 0 12
0 10

35 t-l +  P I  — 7103 0 6
0 8

35T-2 +  P I  — 7103 0 7
0 9

35t-3 +  P I  — 7103 0 5
0 8

35t-4 +  P I  — 7103 0 8
0 10

35t-5 +  P I  — 7103 0 8
0 11

S tra in s  n o t  in fected

1802 0 0
0 0

M35 0 0
0 0

a M.o.i. =  0.1. A d sorp tion  was for 45 ' a t  21 °C 
b Period of in cu b a tio n  was 2 days
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Table VII

Results o f  an infection o f  specific strains w ith P I  virions using all-x media

S tra in s  in fected F re q u en c y o f  p ro to tro p h s (No. o f  p ro to tro p h ic  colonies
a n d  v irio n  class useda p e r p la te  4 x 1 0 I7 b ac te ria p e r  p la te )0

Selection :P ro to tro p h ic
for: pro + arg + his + class

1802 +  P I  -  7103 0 1 30“
0 2 35e

P1K N /1800 +  P I  -  7103 0 4 39e
0 3 45°

35K N -a +  P I  — 7103 128° 130° 144d
124 133 139d

M35 +  P I  -  7103 126 101 L10d
129° 119° 120d

S tra in s  n o t  infected

1802 0 0 0
0 0 0

P1K N /1800 0 0 0
0 0 0

35KN -a 0 0 0
0 0 0

M35 0 0 0
0 0 0

a M.o.i. =  0.1. A dsorption  was 45 ' a t  21 °C 
b Period  of incubation  was 3 days 
“ All were his + 
d All w ere pro  + arg + 
e All w ere pro arg

sign ifican t frequencies of p ro to tro p h s  am ongst them selves. I t  is th u s  q u ite  
ev id en t, in  view  of th e  re su lts , th a t  som e ty p es  of change re la ted  to  P IC M rec  
were in itia te d  in  th e  M35 chrom osom e an d  th a t  such changes can  allow  or 
induce a m a jo r enhancem en t in  p ro to tro p h  p ro d u c tio n , even w ith o u t th e  p re s 
ence of th e  p lasm id  in itia lly  responsib le  fo r those  changes. W h a t is th e  n a tu re  
o f those  ch an g es?  A sign ifican t clue is offered by  a p h eno typ ic  c h a ra c te r is tic  of 
35K N -a.

In o cu la  from  th e  tw en ty -fiv e  3 5K N -a colonies an d  from  th e  35 K N -a  
iso la te -cu ltu re  grew  on ch lo ram phen ico l p lus com plete m edia, th o u g h  c learly  
n o t as well as e ith e r M35 or 1802. In o cu la  from  P1K N /1800 and  P 1K N /1802  (a 
lysogen o rig in a lly  carry ing  P I  CM, h u t  w hich  was rep laced  b y  P 1 K N ) d id  n o t 
grow  on such  m edia. This ind ica tes  t h a t  35K N -a carries a fac to r (or fac to rs) 
giving 3 5K N -a a sign ifican t degree of re s is tan ce  of ch lo ram phen ico l, a n d  th a t  
th is  fac to r  (or fac to rs) was derived  or o rig in a ted  from  th e  P IC M rec p lasm id .
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T h a t th is  fac to r o f fa c to rs  m ust be w ith in  th e  3 oK N -a chrom osom e follows 
from  th e  fa c t t h a t  u p o n  in d u c tio n  an d  lysis, 3 5K N -a  does n o t yield a ly sa te  
b rin g in g  ab o u t h ig h -freq u en cy -tran sd u c tio n  (H F T ) for CM; it does y ie ld  a 
H F T  for K N , h ow ever. I t  w ould if th e  ch lo ram phen ico l re s is tan t fac to r (or 
fac to rs) was in te g ra te d  in to  th e  P 1 K N  p lasm id .

I t  is in d ic a te d  in  v iew  o f w h a t has been  fo u n d  th a t  th e  ch lo ram phen ico l 
re s is ta n t fac to r (or fa c to rs ) , derived from  th e  o rig inal P IC M rec p lasm id , an d  
in te g ra te d  in to  th e  3 5 K N -a  b ac te ria l ch rom osom e, is a m an ifesta tio n  or cause 
of th o se  changes in  th e  M35 (or 35K N -a) chrom osom e responsib le  for th e  
enhanced  p ro d u c tio n  o f  p ro to tro p h s . M ore w ill he said  ab o u t th is  C M  fa c to r  
(or facto rs) in  th e  D iscussion . S h o rtly , th e  p h rase  “ P IC M rec m ed ia ted  (or 
genera ted ) m u ta b il i ty ”  w ill be used. T his w ill m ean  m u ta b ili ty  w hich is gen er
a te d  b y  m eans o f g en e tic  segm ents h av in g  th e ir  o rig in  in  th e  PICMrec p lasm id .

I I .  Other genetic changes induced by PICM rec 
w ith in  the bacterial chromosome

A cquisition  o f th e  ch loram phenico l r e s is ta n t facto r(s) b y  th e  M35 ch ro 
m osom e is only  one o f th e  changes th a t  o ccu rred  w ith in  th e  M35 chrom osom e. 
I t  w as also found  th a t  МЗБ had  aqu ired  a d d itio n a l auxo tro p h ies , as in fe rred  
from  th e  fac t M35 d id  n o t grow on m ed iu m  su p p lem en ted  w ith  all n u tr ie n ts  
req u ired  by  1800, fro m  w hich M35 was d e riv ed . Also, M35 w as found to  he no 
longer strH. M oreover, th e  orig inal ch rom osom e of M35 (or 1800) carried  mal 
an d  xyl. Now, u p o n  in c u b a tio n , m ost colonies o f M35 w ere m a l+, w hile th e  
rem ain in g  colonies w ere  mal. Also, all re su ltin g  colonies of M35 were now  found  
to  he x y l+. A n o th e r P IC M rec  lysogen, M 294, re fe rred  to  earlier, was also found  
to  have  acq u ired  a d d itio n a l au x o tro p h ies , as well as being  strS. A d d itiona lly , 
all M294 colonies w ere  now  xy l + , while m a n y  colonies wrere m al, th e  rem ain in g  
b e ing  mal + . In  te s tin g  6  o th e r P IC M rec lysogens (m ost o f those  re fe rred  to  in 
T ab le  I I I ) ,  4 cu ltu re s  each  differed re g io n a lly  for u tiliza tio n  capacities of 
m alto se  an d  xy lose  re sp ec tiv e ly , as in d ic a te d  b y  s ta in ed  regions w ith in  a g iven  
cu ltu re ; and  2 cu ltu re s  w ere b o th  mal x y l  (1802 w as still mal xyl). F u rth e rm o re , 
th e se  6  lysogens, M 294, an d  5 o th e r PICM rec lysogens (included in  th is  12 
a re  all s tra in s  re fe rred  to  in  Table I I I )  wrere each  lac as 1800, th e  s tra in  in to  
w hich  PICM rec w as in tro d u c e d  (1802 is s till lac). H ow ever, th ese  sam e 6  

s tra in s  (and  6  o th e r  te s te d  PIC M rec lysogens) a re  now  strS, unlike 1800 an d  
1802 (P1CM) w hich  a re  still strH. M oreover, o u t of these  te s te d  12 P IC M rec 
lysogens, inc lud ing  M35 an d  M294, all wrere fo u n d  to  have  acqu ired  a d d itio n a l 
req u irem en ts . W h ereas , o u t of a te s te d  sam p le  of 21 o th e r ty p es  of m u ta n t-  
lysogens (these to  be  th e  sub jec t of o th e r p ap e rs) , o b ta in ed  from  th e  v e ry  sam e 
p o p u la tio n  o f tr a n s d u c ta n ts  w hich in c lu d ed  th e  orig inal P IC M rec group , on ly  
5 w ere found  to  h a v e  ad d itio n a l req u irem en ts . S u b seq u en tly , one of th o se  5
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lysogens, M446, w as also found  to  ca rry  rec on its  CM p lasm id . Because of th e  
n a tu re  of th e  o th e r  4 m u tan t-ly so g en s , i t  is possible th o se  ca rried  an  u n d e te c t
ab le rec fac to r on  th e ir  p lasm ids. M oreover, ou t o f a la rge  sam ple  of th e  m u 
tan t-ly so g en s w h ich  are no t P IC M rec, all w ere still strH, as w as 1802. Such 
overall resu lts c lea rly  in d ica te  t h a t  th e  crea tio n  of a d d itio n a l requ irem en ts 
a n d  th e  neg a tio n  o f s i r '  is lin k ed  w ith  th e  P IC M rec p lasm id . I t  also follows 
from  th e  d a ta  t h a t  th e  in d u c tio n  o f  a stab le  x y l + p h e n o ty p e  an d  th e  v a ria tio n  
in  m altose and  x y lose  u tiliz a tio n  (i.e., th e  in s ta b ility  in su ch  u tiliz a tio n -cap a 
c ity ) was d e te rm in ed  b y  th e  P IC M rec p lasm id . I t  is also to  he no ted  th a t  all 
m em bers of a sam ple  of th e  m u tan t-ly so g en s n o t P IC M rec , and  no t hav ing  
ad d itio n a l re q u irem en ts , d id  n o t respec tive ly  p ro d u ce  a h igh  frequency  o f 
p ro to tro p h s  u p o n  v irion -D N A  in co rp o ra tio n . T he re sp ec tiv e  frequencies w ere 
com parab le  to  th o se  o f th e  fre q u e n c y  of p ro to tro p h s  am o n g st 1802 subsequen t 
to  v irion-D N A  in co rp o ra tio n .

I t  was fo u n d  th a t  M35 h ad  on ly  acqu ired  a d d itio n a l am ino-acid  re q u ire 
m en ts: trp, try, p h e , leu, ilv, an d  thr. M ost im p o rta n t, M35 s till had  its o rig inal 
auxo troph ies (also, s till lac) n am ely , his, pro , arg, an d  met. F u rth e rm o re , 
M294 and  te n  o th e r  P IC M rec lysogens w ere each fo u n d  to  h av e  th e  same a d d i
tio n a l am ino-acid  req u irem en ts  as M35. M294 w as fo u n d  to  s till be pro arg h is  
met. T esting  a sam p le  of th e  o th e r  P IC M rec lysogens fo r th e  afore-m entioned  
auxo troph ies, a ll m em bers w ere s till pro arg h is met. M u tan t-changes in  M35 
an d  M294 responsib le  for th e  a d d itio n a l au x o tro p h ies  m a p p ed  ap p ro x im ate ly  
0 '- 5 'f r o m  th e  o rig in . Genes fo r such  au x o troph ies are  k n o w n  to  exist w ith in  
such a m ap reg ion  [3].

IV . P IC M rec generated mutagenesis leading  
to prototrophy ; the enhancement o f  such m utagenesis 

by generalized transduction ; the connection o f  enhancement 
to growth-period

B ecause fro m  th e  earliest ex p erim en ts  M35 w as fo u n d  to  have th e  a d d i
tio n a l au x o tro p h ies  based  u p o n  th e  genetic changes w ith in  th e  M35 ch rom o
som e, th e  h ig h -freq u en cy  and  u n ifo rm  g enera tion  o f p ro to tro p h y  to  his +, pro  +, 
an d  arg+ w ould also be (in all experim en ts) th e  h ig h -freq u en cy  negation  o f 
th e  ad d itiona l a u x o tro p h ie s , as w ell. This gen era tio n  an d  n eg a tio n  w ould p o in t 
to  far-reach ing  genetic  changes, w hich could on ly  h a v e  th e ir  basis in  som e 
ty p e  of genera lly  enhanced  m u ta b ili ty , a m u ta b ili ty  som ehow  re la ted  to  th e  
PIC M rec p lasm id  an d  to  v irio n -D N A  in co rp o ra tio n , or generalized  tra n s d u c 
tio n . (M u tab ility  re su ltin g  in  arg in in e  and  p ro line p ro to tro p h y  w ould have to  
occur in th e  n o n -d e le ted  genetic  regions.) To in v e s tig a te  th is  question  fu r th e r , 
add itiona l ex p erim en ts  w ere ca rried  ou t, in  w hich , am ong  o th e r th ings, th e
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sp o n tan eo u s m u ta b ility  o f n o n -in fec ted  M35 was fu r th e r  s tu d ied . Since all 
re q u irem en ts  of M35 w ere now  k n o w n , i t  was now  possib le  to  observe th e  
rev e rs io n  frequency  fo r p a r tic u la r  gene tic  regions, or p h en o ty p ic  c h a rac te ris 
tic s , on  ap p ro p ria te ly  su p p lem en ted  m ed ia  (referred to  as 13 a ll-x  m ed ia  in  
a d d itio n  to  o ther n u tr ie n ts  used  p rev io u sly , th is  m ed ia  co n ta in ed  p h en y la la 
n in e , ty ro sin e , t ry p to p h a n e , leucine, iso leucine, valine, th re o n in e , an d  adenine, 
m in u s an y  given am ino-acid (s). In  n o n -in fec ted  s tra in s , th e  m u ta b ili ty  of tw o 
o f th e  m u tan t-reg io n s, leu  an d  trp, responsib le  for tw o of th e  a d d itio n a l req u ire 
m e n ts , was s tud ied  as well as th e  m u ta b ili ty  of h is , pro , (m u ta b ility  re su lting  
in  th e  negation  of p ro lin e  re q u ire m e n t, see M aterials a n d  m ethods), and  arg 
(m u ta b ili ty  resu lting  in  th e  neg a tio n  o f a rg in ine  req u irem en t). A lso, th e  degree 
o f p ro to tro p h y  to  le u + an d  tr p + u p o n  v irion-D N A  in c o rp o ra tio n  b y  M35 
w as s tu d ied , tran sd u c in g  as well a k n o w n  leuA  trp s tra in , 8330, as an  in d ica to r 
o f th e  h ighest level o f t r p + le u + p ro to tro p h ic -p ro d u c tio n  basica lly  due to  
tra n sd u c tio n . T hough trp  in  8330 is lo c a te d  in  a d ifferen t ch rom osom al region 
w ith  re sp ec t to  th e  m u ta n t  trp  region in  M35, non-closely lin k ed  genes or g en e t
ic reg ions have alm ost th e  sam e p ro b a b ility  of being tra n sd u c e d  b y  w ay  of 
PI, t h a t  is, th e y  are  tra n sd u c e d  w ith  a b o u t equal freq u en cy  [1, 15, 16], th u s  
u sing  8330 is a v a lid  co n tro l or reference . In  fac t, co n tro l d a ta  in  all tab les 
o f th is  p ap er co llectively  in d ica te  th is . T he locus of th e  leuA  gene o f 8330 is 
close to  th e  new ly g en era ted  leu reg ion  of M35, b o th  being  n ea r th e  origin. 
O vera ll resu lts  of th e  la te s t  s tu d y  a re  in  T able V III .

I t  is clear th a t  u p o n  2 -3  days in c u b a tio n  leu in  M35 is s ig n ifican tly  m ore 
m u ta b le  th a n  leu in  8330. No s ig n ifican t difference ex ists be tw een  th e  degrees 
o f trp  m u ta b ility  in  b o th  s tra in s . T h e  degree of his, pro , a n d  arg m u ta b ility  
w as fa r  g rea te r in M35 th a n  in  1802. I t  is s trong ly  in d ic a te d  th a t  p a rts  of 
P IC M rec  have g rea tly  increased  th e  m u ta b ili ty  to  his + , pro  + , and  arg + . W hen 
one com pares th is  d a ta  w ith  d a ta  in  T ab les  l i a ,  l ib ,  V an d  V II , w here th e  fre
quencies of pro + , arg+, an d  h is + p ro to tro p h s  upon  v irio n -D N A  in co rp o ra tio n  
are  p resen ted , it is seen th a t  such in c o rp o ra tio n  m ust h a v e  fu r th e r  enhanced  
pro , arg, and his m u ta b ility . T he p resence  o f PIC M rec has n o t only  crea ted  
a m u ta n t  leu region, b u t  i t  has m ade such  a region m ore m u ta b le  to  p ro to tro p h y  
th a n  leu in  an o th er s tra in . A response  b y  th e  p a rts  of th e  P IC M rec p lasm id  
to  v irion-D N A  in co rp o ra tio n  is to  m ak e  leu in  M35 even  m ore m u tab le  to  
p ro to tro p h y . The g re a te s t en h an cem en t o f such m u ta b ility  occurs w ith in  0-2 
days. T he presence o f PICM rec’s p a r ts  (or th e ir  induced  changes) in  co n junc tion  
w ith  v irion-D N A  in c o rp o ra tio n  is responsib le  for a m a jo r en h an cem en t in  th e  
freq u en cy  of tr p + p ro to tro p h s . This m a jo r enhancem en t occurs in  0 -2  days. 
In  v iew  of th is  and  su b seq u en t d a ta , th e  process of v irion -D N A  in co rp o ra tio n  
som ehow  allows P IC M rec’s ch rom osom ally -inco rpo ra ted  p a r ts  (or induced  
changes) to  g rea tly  en h an ce  m u ta b ili ty  to  leu + , tr p +, p r o +, a rg+, liis + , and  
met + . M ost leu + , trp + , h is +, p r o + an d  a rg + colonies observed  u p o n  v irion-D N A
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Table VIII

Frequencies o f  prototrophs on 13 all-x m edia obtained with and w ithout P I  virion infection
o f  specific  strains

S tra in s  n o t  in fec ted b
F re q u e n c y  o f  p ro to tro p h s  (N o. o f  p ro to tro p h ic  colonies 

p e r  p la te  — 4 x  Ю7 b a c te r ia  p e r  p la te )

S e l e c t i o n  f o r :  
p r o  + a rg  + p r o + arg  + le u  +

: P r o t o t r o p h i c  c l a s s  
t r p + h is  +

8 3 3 0 — — — 9 1 5 —

1 0 1 2

1 8 0 2 0 0 0 0
0 0 0 — — 0

M 3 5 2 9 2 7 3 0 3 3 8 2 4
3 1 3 2 2 8 3 1 9 2 2

S tra in s  in fected  an d  v ir io n  
class u sed a »b

8 3 3 0  +  P I  -  7 1 0 3 _ ___ ___ 1 8 1 0
1 6 1 2

M 3 5  +  P I  -  7 1 0 3 — — — 5 0 4 8 ___

5 4 5 0

S tra in s  n o t  in fec ted 0

8 3 3 0 ___ _ ___ 9 1 5
1 0 1 2

1 8 0 2 0 0 0 — — 0
0 0 0 0

M 3 5 3 0 2 8 3 2 3 3 8 2 5
3 2 3 3 3 0 3 1 9 2 4

S tra in s  in fec ted  an d  v ir io n  
c lass u se d 0

8 3 3 0  +  P I  -  7 1 0 3 ___ _ ___ 1 8 1 0 _
1 6 1 2

M 3 5  +  P I  -  7 1 0 3 — — — 6 2 5 9 ___

6 7 6 3

a M.o.i. =  0.1. A dsorption  for 45 ' a t  21 °C 
b Two days in cubation  
c Three days incubation

in co rp o ra tio n  w ere m uch larger for th e  sam e in cu b a tio n -p e rio d  th a n  th e  p ro 
to tro p h s  of lysogens no t involved  in  v irion-D N A  in co rp o ra tio n . This in d ica tes  
th a t  v irion-D N A  in co rp o ra tio n  n o t on ly  enhances P IC M rec m ed ia ted  (d e te r 
m ined) m u ta b ility , b u t som ehow allow s it  to  occur earlie r w ith in  a given period .
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Y. Enhancem ent o f  m utability  m ediated by PICM rec , its dependency  
on tim e  and infection : fu r th er  examples

I n  order to  d e te rm in e  o th e r w ays in  w hich  P IC M rec-m ediated  m u tab ility  
is r e la te d  to  g ro w th -p e rio d , o th e r ex p e rim en ts  w ere perfo rm ed , in  w hich th e  
b e h a v io u r  of o ther g en e tic  regions w as also s tu d ied . R esu lts  are  in  Tables IX , 
X  a n d  X I . I t  is ag a in  seen  th a t  sp o n tan eo u s  m u ta b ility  to  p r o + an d  arg+ is

Table IX

Frequencies o f prototrophs on 13 all-x media obtained with and without P I  virion  infection
o f specific strains

S tra in s  n o t  infected"
F req u en cy  o f  p ro to tro p h s  (N o. o f  p ro to tro p h ic  co lon ies

p e r  p la te  — 3.6 x Ю7 b a c te r ia  p e r  p la te )

Selection for: :P ro to tro p h ic  class
arg + pro + p r o + arg + met + m et+ ilv + leu + trp +

1802 0 0 0 0 —

0 0 0 0

M35 30 36 35 10 0
28 31 32 8 0

S tra in s  in fec ted  and  v irion
c la ss  useda>k

1802 +  P I  -  7103 0 1 0 29 ___

0 0 0 25

M35 +  P I  -  7103 71 51 65 60 59
73 53 68 57 61

S tra in s  n o t  infected0

1802 0 0 0 0 ___

0 0 0 0

М3 5 87 62 74 15 0
92 69 81 18 0

S tra in s  in fec ted  and  v irion
c lass  used0

1802 +  P I  -  7103 0 1 0 36 —

0 0 0 39

M35 +  P I  -  7103 161 145 163e 77 76
175 157 17 Y 82 83

a M.o.i. =  0.1. A d so rp tio n was for 50' a t  21 °C
b Two days in cu b a tio n  
c T hree days in cu b a tio n
d F ound  all to be h is + w hen  tes ted  for h is tid in e  requ irem ent, only 
e F ound  all to  be h is + i lv + m et+ trp +
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Table X
Frequencies o f  prototrophs on 13 all-x media obtained w ith and without P I  virion infection

o f  specific strains
, F re q u en c y  o f  p ro to tro p h s  (N o. o f  p ro to tro p h ic  colonies

S tra in s  n o t  in fec ted  рег р!а^е — 4 x  107 b a c te ria  p e r  p la te )

Selection for: :P ro to tro p h ic  class
leu + trp + ilv + m et+ m et+  i lv + leu+ trp +

8330 0 7 — — —

0 5
1802 — — — 0 —

0
M35 45 4 6 9 0

42 4 7 8 0

S tra in s  iu fec ted  an d  v irion
class useda>b

8330 +  P I — 7103 26 19 — — —
23 17

1802 +  P I  -  7103 — — — 12 —

15
M35 +  P I  -  7103 44 92 47 78 72

48 85 51 73 76

S tra in s  n o t  in fec ted 0

8330 0 7 __ — —

0 5
1802 — — — 3 —

1
M35 61 5 16 17 0

58 4 14 15 0

S tra in s  in fe c te d 0

8330 +  P I  —  7103 26 19 — — —

23 17
1802 +  P I -  7103 — — — 25 —

14
M35 +  P I  -  7103 61 100 55 88 85

65 96 60 84 87

S tra in s  n o t  infected**

8330 0 7 — — —

0 5
1802 — — — 3 —

1
M35 78 8 29 30 3

83 9 26 27 0

S tra in s  in fec ted  a n d  v irio n
class used**

8330 +  PI -  7103 26 19 — — —
23 17

1802 +  PI — 7103 — — — 25 —
16

M35 +  PI -  7103 74 105 94 126 107
79 98 97 115 100

a M.o.i. =  0.1. A dsorp tion  w as fo r 45' a t  21 °C
b Two days incu b a tio n  
c T hree  days incubation  
d Seven days incubation
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Table XI

M u l t a b i l i t i e s  o f  P l C M r e c  l y s o g e n s  o n  1 3  a l l - x  m e d i a  u p o n  a n  e x t e n d e d  p e r i o d  o f  i n c u b a t i o n

Strains*1 not 
infected

Frequency of prototrophs (No. of prototrophic 
per plate — 4 x Ю7 bacteria per plate)

colonies

Selection  fo r: : P ro to tro p h ic  c lass
p r o + a r g  + h i s  + m e t  + t h r  + t r p  + p h e  + t y r  +

M 35 129 54 31 1 8 0 0
138 60 28 0 7 0 0

M 294 70 89 35 0 6 1 0
74 83 30 1 8 2 1

M 364 33 97 41 3 9 0 1
30 95 39 1 9 0 L

1802 0 0 0 — — — —

a S ix  d a y s  in c u b a tio n

m a rk e d ly  enhanced b y  th e  p a r ts  o f PlCM rec or th e ir  e ffec ted  genom ic changes. 
M oreover, th e  degree o f  such  m u ta b ility  is a function  of g row th -period , a m a jo r 
in c rease  in  pro arg m u ta b ili ty  occurring  w ith in  a 2-3  d ay  period . F u rth e rm o re , 
i t  is seen th a t  v irio n -D N A  in c o rp o ra tio n  enables in  som e m an n er P IC M rec’s 
p a r ts  o r th e ir  effected changes, to  fu r th e r  enhance such  m u ta b ility  (i.e., th a t  
of arg, an d  pro). T he degree  of such  fu r th e r  en h an cem en t is also co n tin g en t 
u p o n  grow th-period , a v e ry  large increase  in pro arg m u ta b ility  occurring  
w ith in  a specific p erio d , i.e ., 2—3 d ay s. Also, ju d g in g  from  th e  co m p ara tiv e  
sizes o f  p ro to tro p h s, o f d iffe ren t classes, n o ted  betw een  0—2 days, i t  appears 
t h a t  w ith in  th a t  p erio d , th e  effect o f v irion-D N A  in c o rp o ra tio n  is to  allow 
th e  p a r ts  of P lC M rec to  evoke m u ta b ili ty  a t a tim e  earlie r th a n  one in  w hich 
m u ta b il i ty  would occur w ith o u t such  an  effect.

Inc lu d in g  d a ta  f ro m  T ab le  X I ,  w here M35 w as grow n for an  ex ten d ed  
p e rio d  (6 days), one sees t h a t  up o n  such  an  ex tended  p erio d , th e  overa ll degree 
of m u ta b ili ty  of pro arg evoked  by  th e  p a r ts  of P lC M rec, w ith o u t th e  in fluence  
of v irion -D N A  in c o rp o ra tio n , has becom e equ ivalen t to  th e  degree o f such 
m u ta b il i ty  occurring w ith in  a m uch  earlier period, w hen  v irion-D N A  in co r
p o ra tio n  enhances th e  m u tag en ic  ac tio n  of P lC M rec or its  induced-changes. 
V irion -D N A  in co rp o ra tio n  has th e  effect o f inducing  th e  p a r ts  of P lC M rec to  
e v e n tu a te  far m ore pro  arg m u ta b ility  a t  an  earlier perio d  in  general g row th  
th a n  th e y  otherw ise w o u ld  do w ith o u t th e  influence o f such  v irion  in co rp o ra 
tio n . T h u s, tak ing  all d a ta  in to  acco u n t, th e  in fluence o f v irio n  in co rp o ra tio n , 
or lik e ly  generalized tra n sd u c tio n , on P IC M rec-m ed ia ted  pro arg m u ta b ility  is 
n o t o n ly  to  enhance i t ,  b u t  to  enhance i t  w ith in  a m uch sh o rte r  period  o f general 
g ro w th .

As w ith  pro arg m u ta b ili ty  in  M 35, ex tended  g ro w th  is assoc ia ted  w ith  
a m a rk e d  increase in  h is  m u ta b ility  in  M35 (Tables V I I I  an d  X I). T his, in
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connection  w ith  o th e r  d a ta  re la te d  to  th e  effect o f v irion  in c o rp o ra tio n  on 
P IC M rec-m ed ia ted  his m u tab ility , w ould  suggest t h a t  virion in c o rp o ra tio n  a l
lows m a jo r increases in  such his m u ta b ility  to  occur m uch earlier in  g ro w th . 
U pon in creased  in cu b a tio n , th e  degree o f his  m u ta b ili ty  in  M35, th o u g h  qu ite  
h igh , is seen w ith o u t in fection , to  be less th a n  o n e -h a lf th a t  o f pro arg m u ta b il
i ty  (T able X I).

M et m u ta b ili ty  to  p ro to tro p h y  ap p ears  g re a te r  in  M35 th a n  in  1802, 
in d ica tin g  th e  m u tag en ic  effect o f P IC M rec’s sections. I t  is also clear th a t  
v irion -D N A  in co rp o ra tio n  as a process m ark ed ly  enhances th e  degree o f met 
m u ta b ili ty  th a t  can  be evoked b y  th e  p a r ts  o f P IC M rec  (Tables IX , X ). In  
o th e r w ords, v irion -D N A  in co rp o ra tio n , v e ry  p ro b a b ly  in  th e  form  o f g en e ra l
ized tra n sd u c tio n , tr ig g e rs  th e  ch ro m o so m ally -in co rp o ra ted  p a rts  o f  th e  p la s 
m id to  evoke fa r g rea te r  m u ta b ility  o f met. T his en hancem en t of met m u ta b il
i ty  is g re a te s t d u rin g  th e  0-2  d ay  period  of th re e  day s grow th (Tables IX  and  
X ). T his enhanced  met m u ta b ility  increases as in  non -lin ear function  o f g row th - 
period . D urin g  seven  days in cu b a tio n  a p p ro x im a te ly  60%  of such en h an ced  
m u ta b ility  occurs d u rin g  th e  0 -2  day  period . T h u s , n o t only does v irion -D N A  
in co rp o ra tio n  enhance  P IC M rec-m ed ia ted  met m u ta b ility , b u t allows or s tim 
ula tes i t  to  occur p rim arily  d u ring  early  g ro w th . E v en  w ith o u t in fec tio n , 
ex ten d ed  in cu b a tio n  is associated  w ith  an  increase  in  met m u ta b ility , ju d g in g  
from  th e  increase in  th e  frequency  o f p ro to tro p h s  over tim e  (Tables IX , X  
and  X I). T his in fo rm atio n , in  com parison  w ith  o th e r  d a ta  re la ted  to  th e  effect 
o f v irion -D N A  in co rp o ra tio n  on P IC M rec-m ed ia ted  met m u ta b ility  d u rin g  a 
given g ro w th  period , w ould  suggest th a t  v irion -D N A  inco rpo ra tion  allow s m a 
jo r  increases in  such  met m u ta b ility  to  occur m u ch  earlier in general g ro w th . 
In  general, enh an ced  m u ta b ility  b y  w ay  o f v irion  in co rp o ra tio n  w ould  a p p e a r  
to  occur earlier th a n  non-enhanced  P IC M rec -m ed ia ted  m u ta b ility  w ith in  a 
given period .

U pon  increased  incu b a tio n , an d  w ith o u t in fec tion , met m u ta b ili ty  (in. 
M35) ap p ears  less th a n  his m u ta b ility , w hich is ce rta in ly  less th a n  p ro  arg 
m u ta b ili ty  in  M35 (T able X I). Thr  is th e  least m u ta b le  of all, a p p ea rin g  q u ite  
stab le  (T able X I) . T r p , p h e , an d  tyr  h av e  v e ry  low  m u tab ilitie s  up o n  ex te n d e d  
in c u b a tio n  (6 days), com parab le  to  t h a t  o f thr. W h en  incu b a tio n  w as fo r 8 
days, th e  sam e re la tiv e  difference be tw een  P IC M rec-m ed ia ted  m u tab ilitie s  w ere 
no ted , w ith o u t in fec tio n  (d a ta  n o t ta b u la te d ) . N am ely , pro arg m u ta b ili ty  w as 
th e  h ig h est, th e  degree of his an d  leu m u ta b ility  be ing  abou t 1/2 t h a t  o f pro  
arg m u ta b ility , an d  met an d  ilv m u ta b ili ty  being  a b o u t 1/2 th a t  of his  m u ta b i l 
ity , w ith  thr , phe, tyr  an d  trp d isp lay ing  v e ry  l i t t le  (if  any) m u tab ility .

In  a n o th e r ex p erim en t (d a ta  n o t ta b u la te d ) , M35 was grow n fo r 7 days. 
No in fec tion  was invo lved . A rg + p r o + an d  h is + p ro to tro p h s  w ere n o te d . T he 
frequency  o f arg+ p r o + p ro to tro p h s  w as v e ry  h igh  a n d  th e  frequency  o f  his + 
p ro to tro p h s  was ab o u t 50%  of th e  fo rm er. U pon rep lica tio n , it  was fo u n d  th a t
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5 5 %  o f th e  arg + pro  + p ro to tro p h s  w ere h is +, 4 2 %  w ere leu +, 31 %  w ere i lv +, 
a n d  10 %  were t r p + . P IC M rec-m ed ia ted  his a n d  leu m u tab ility  is th u s  again  
sh o w n  to  be abou t 1/2 t h a t  o f arg p ro , ilv  m u ta b ili ty  being ab o u t 1/3 th a t  of 
arg p ro , and  trp b e ing  th e  leas t m u tab le  o f all. I n  a subsequen t te s t ,  i t  w as 
fo u n d  th a t  a sm all p e rcen tag e  of th e  arg+ p r o + p ro to tro p h s  w as m et + . D a ta  
in  T ab le  IX  also in d ic a te  th a t  arg and  pro  in  M35 are  far m ore m u ta b le  th a n  
met in  M35. D a ta  in  T ab le  IX  fu r th e r  in d ic a te  t h a t  th e  respec tive , PIC M rec- 
m e d ia te d  m u tab ilities  to  a rg+ and p r o +, w here  v irion  in co rp o ra tio n  is no t in 
v o lv e d , are of eq u a l degrees. This is also th e  case w here P IC M rec-m ediated  
m u ta b il i ty  to  p r o + a n d  a rg + is enhanced  th ro u g h  virion-D N A  in co rp o ra tio n .

I t  is again  seen  t h a t  trp  m u ta b ility , 1 h ough  in itia lly  low , is g rea tly  
en h a n c e d  th ro u g h  a process dependen t u p o n  v irion -D N A  in co rp o ra tio n . I t  can  
be  seen  th a t  th e  degree o f g rea test e n h an cem en t occurs d u rin g  0 -2  days. 
M oreover, th e  degree o f  enhanced  m u ta b ili ty  o f trp  is com parab le  to  th a t  of 
met. I n  fac t, follow ing v irion -D N A  in c o rp o ra tio n  by  M35, th e  freq u en cy  o f 
i l v + t r p + m et+ le u + p ro to tro p h s  is co m p arab le  to  th e  respective  frequencies 
o f  i l v +, met + , an d  t r p + p ro to tro p h s  am o n g st M35. The frequencies o f these  
re sp e c tiv e  p ro to tro p h ic  classes are v e ry  h igh  (T ables IX  and  X ). T he m ajo r 
en h a n c e m en t of P IC M rec-m ed ia ted  m u ta b ili ty  b y  virion-D N A  in c o rp o ra tio n  
h as  re su lte d  in  th e  sam e degree of p ro to tro p h ic  change for v a rio u s  genetic  
reg io n s, th e  m u ta tio n s  v e ry  p ro b ab ly  occu rring  n ea r th e  sam e tim e .

A t th is  s tage  o f  th e  w ork  (Table X ), P IC M rec-m ed ia ted  leu  m u ta b ili ty  
is now  very  h igh w ith o u t th e  in fluence  o f  v irion-D N A  in co rp o ra tio n . T his 
su g g ests  fu rth e r  en h a n c e m en t of leu m u ta b ili ty  does no t alw ays req u ire  th e  
in flu e n c e  of v irion -D N A  in co rp o ra tio n . T h o u g h  from  th e  earliest re su lts , v irio n  
in c o rp o ra tio n  ap p ears  to  m odify  leu m u ta b ili ty  in  such a w ay  w here  it  is 
sy n ch ro n o u s  w ith  th e  en h an ced  m u ta b ili ty  o f o th e r  genetic reg ions. C erta in ly , 
(T ab les  IX  and  X ) th e  in fluence  of v irio n -D N A  inco rp o ra tio n  is to  g rea tly  
in c rea se  th e  level o f  m u ta b ili ty  of v a rious genetic  regions, such  as met an d  
ilv , to  a p o in t w here i t  is com parab le  to  t h a t  o f leu  m u tab ility . I t  is ap p rec ia ted  
in  th e  case of ilv, no ilv  s tra in  o th e r th a n  M35 w as tran sd u ced  (or in fected) 
as a reference. H o w ev er, ta k in g  in to  acco u n t w h a t has been sa id  reg a rd in g  
th e  eq u a l p ro b a b ility  o f  tra n sd u c tio n  o f a g iven  chrom osom al m a rk e r and  th e  
c o n tro l d a ta  in  th is  p a p e r  p e rta in in g  to  such , i t  can  be concluded t h a t  ilv  m u ta 
b il i ty  is also en h an ced  b y  v irion-D N A  in co rp o ra tio n  or lik e ly  generalized  
tra n sd u c tio n .

Conclusions

T he general e n h an c in g  effect of v irio n -D N A  in co rpo ra tion , o r v e ry  like ly  
genera lized  tra n sd u c tio n , upon  th e  P IC M rec-m ed ia ted  m u ta b ility  o f m an y  d if
fe re n t genetic reg ions, in  w hich, some (if n o t m ore) are w idely sep a ra te d  in
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th e  chrom osom e (genom e) of M35, is v e ry  ev id en t. T his is so, w hen  in  view  
o f recen t fin d in g s, one looks a t th e  d a ta  from  th e  earliest ex perim en ts (Tables 
l i a ,  l ib ,  I I I ,  IV , V an d  V II), in  w h ich  th e  v e ry  h igh  frequencies o f pro + , arg+, 
an d  his + p ro to tro p h s  w ere also in  effect an d  resp ec tiv e ly  v e ry  h igh  frequencies 
o f p ro to tro p h s  o f  th e  t r p + phe + th r + le u + ty r + i lv + class, on m ed ia  w hich was 
n o t 13 all-x. T h u s , th e  m ajo r en h an cem en t of p ro , arg, an d  his m u ta b ility  
occurred  along w ith  th e  m ajo r en h an cem en t o f re sp ec tiv e ly  trp, tyr, p h e , thr, 
leu, and  ilv m u tab ilitie s . The degree of th e  la t te r  m u tab ilitie s  w as a p p a re n tly  
com parab le  to  t h a t  o f th e  enh an ced  pro arg his m u ta b ility , an d  hence co m p ar
ab le to  one a n o th e r. F u rth e rm o re , w ith  th e  in fluence  of v irion-D N A  in co r
p o ra tio n , it  was fo u n d  th a t  all 163 p r o + a rg+ p ro to tro p h s  re fe rred  to  in  T able 
IX  w ere also ilv + h is + m et+ t r p + p ro to tro p h s , again  suggesting , in  view  of 
earlier d a ta , all d iffering  m u tab ilitie s  w ere enhanced  to  a com parab le  level 
u p o n  virion in co rp o ra tio n . In  th is  connection , we h av e  seen th a t  th e  d iffer
ences betw een  th e  degrees of met an d  trp  m u ta b ility , betw een  leu and  trp m u ta 
b ility , and  b e tw een  leu and met m u ta b ili ty  also cease to  ex ist u p o n  v irion-D N A  
in co rp o ra tio n . In  th e  earliest ex p erim en ts , we have  seen th a t ,  up o n  virion- 
D N A  in co rp o ra tio n , all arg+ and  p r o + p ro to tro p h s  am ongst M35 w ere also 
his + , and  converse ly , all h is + p ro to tro p h s  on m edia  lack ing  h is tid in e  w ere 
a rg+ pro  + . This fu r th e r  ind icates t h a t  d iffe ren t P I C M rec-m ediated  m u tab ilitie s  
w ere enhanced  to  a com parab le  level up o n  v irion-D N A  in co rp o ra tio n . T hus, 
in  enhancing  or s tim u la tin g  P IC M rec-m ed ia ted  m u ta b ility , v irion-D N A  in co r
p o ra tio n  negates th e  m ajo r d ifferences betw een  th e  d ifferen t gene m u tab ilitie s , 
differences w hich  w ere p rev iously  show n to  ex ist w ith o u t th e  in fluence  of 
v irion-D N A  in co rp o ra tio n . This also m eans, in  view  of all d a ta , th a t  v irion- 
D N A  in co rp o ra tio n  n o t only g re a tly  increases P IC M rec-m ed ia ted  (or co n tro l
led) m u tab ilitie s  (in M35) and  p ro m o tes  th em  to  occur earlie r in  tim e , b u t 
g re a tly  m akes u n ifo rm  such m u ta b ilitie s  for vario u s genetic  reg ions, irrespec
tiv e  of w hat p rev ious differences ex is ted  in  th e ir  m u tab ilitie s , an d  irrespec tive  
o f th e  location  o f su ch  regions. F u rth e rm o re ,c o n s id e rin g  th e  v e ry  low  m u ta b il
ities of trp, phe, tyr, an d  thr in  M35 (T able X I) , p a s t d a ta  p e rta in in g  to  th e  
in fluence  of v irion -D N A  in co rp o ra tio n  up o n  th e  re la tiv e  s ta b ility  of these  
genetic  regions in  M35 would in d ica te  th a t  such v irio n  in co rp o ra tio n  evokes 
th e  chrom osom ally  in co rp o ra ted  p a r ts  of th e  P IC M rec p lasm id  to  un ifo rm ly  
in it ia te  m u tab ilitie s  o f such regions to  th e  sam e v e ry  h igh level.

In  M294 and  M364, th e  p resence of P IC M rec also leads to  th e  genera tion  
o f h igh m u tab ilitie s  to  pro + arg+ a n d  h is +, some increased  m u ta b ili ty  to  m et+, 
w ith  no effect on th e  re la tiv e  s tab ilitie s  o f trp, phe, tyr, an d  thr (T able X I) . In  
c o n tra s t  to  M35, th e  engendered  m u ta b ili ty  in  M294 to  h is + is com parab le  to  
t h a t  m u ta b ility  to  p r o + arg +, w hile  in  c o n tra s t, his  m u ta b ili ty  in  M364 is fa r 
g rea te r  th a n  pro arg m u ta b ility . I n  rep ea tin g  th is  ex p erim en t, com parab le  
re su lts  p e rta in in g  to  d ifferen t s tra in -m u ta b ilitie s  w ere o b ta in ed , i t  also being
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fo u n d  again  th a t  in  M294 an d  M364, as in  M35, phe, ty r , i/ir, and  trp  d isp layed  
v e ry  l i t t le , if  any , m u ta b ility .

T his d a ta  again  show  th a t  th e  chrom osom ally  in co rp o ra ted  p a r ts  of th e  
P IC M rec p lasm id, or th e  in d u ced  changes due to  such in co rp o ra tio n , genera te  
h igh  m u ta b ility  in  p a r t ic u la r  genetic  regions o f s tra in s  w henever such  a p las
m id  has m a in ta in ed  its e lf  in  such s tra in s . In  v iew  of early  d a ta  (Tables I I I  
an d  V II) , it is th u s  c lea r th a t  v irion-D N A  in co rp o ra tio n , o p era tin g  th ro u g h  
P IC M rec ’s p a rts , g re a tly  enhances or evokes m u ta b ilitie s  in  o th e r  s tra in s . 
Views as to  th e  m eans b y  w hich such  a p lasm id  can  gen era te  v a rious m u ta b il
ities  an d  w hy such  P lC M rec-m ed ia ted  or con tro lled  m u ta b ility  is g rea tly  
in flu en ced  b y  v irio n -D N A  in co rp o ra tio n , or very  likely  generalized  tra n s d u c 
tio n , w ill be p resen ted  in  th e  D iscussion.

D iscussion

W hen  th e  v e ry  h ig h  freq u en cy  of p ro to tro p h s  am ong M35 lysogens, 
co m p ared  to  th a t  o f 1802 p ro to tro p h s , w as f irs t observed  follow ing virion- 
D N A  inco rp o ra tio n  or genera lized  tra n sd u c tio n  from  a p ro to tro p h ic  s tra in , it 
w as orig inally  th o u g h t t h a t  th e  p a r tic u la r  p lasm id  carried  by  M35, PIC M rec, 
g re a tly  enhanced in  som e m an n er th e  ac tu a l or n o rm al frequency  o f generalized 
tra n sd u c tio n , th a t  is, en h an ced  th e  frequency  in  w hich donor genetic  m ateria l 
w as in co rp o ra ted  in to  th e  rec ip ien t’s genom e. H ow ever, w hen  one considers 
co llectively  all th e  d a ta  p resen ted  in  th is  p ap er, effectively  pooling th e  d a ta , 
su ch  an  inclusive co n sid e ra tio n  m akes it  q u ite  clear th is  w as n o t th e  case. T here 
w as d efin ite ly  an en h an cem en t in  th e  degree an d  scope o f genom ic change in  
lysogens carry ing  th e  p a r tic u la r  p lasm id , P IC M rec, up o n  v irion-D N A  in co r
p o ra tio n , b u t th is  h ad  its  basis in  tw o connected  processes n o t invo lv ing  th e  
en h an cem en t of tra n sd u c tio n . F irs t, P IC M rec in d irec tly  g en era ted  or m ed ia ted  
m a jo r increases in  th e  m u tab ilitie s  o f various genetic  regions th ro u g h o u t th e  
E . coli genom e, som e reg ions being w idely  sep a ra ted  from  one a n o th e r, and  
second, those m u ta b ilitie s  w ere in  tu rn  fu r th e r  enhanced  in  som e m an n er 
th ro u g h  th e  process or in fluence  of v irion-D N A  in co rp o ra tio n  or likely  gener
alized  tran sd u c tio n . As earlie r ex perim en ts po in ted  o u t, th e se  b ro ad ly  oc
cu rrin g  m u tab ilities  w ere  g en era ted  by  or re su lted  from  genom ic changes 
w ith in  th e  E . coli ch rom osom e induced  by  P IC M rec, an d  th e re  was s trong  in d i
c a tio n  th a t  those chan g es involved  in co rp o ra tio n  o f a p a r t or p a r ts  o f th e  
PICM rec plasm id in to  th e  b ac te ria l genom e.

T he ch lo ram phen ico l region of P IC M rec was invo lved  in  th e  in co rp o ra tio n , 
b u t  even so, w hen ly sa te s  o f (from ) M35 are  p rep ared , such ly sa tes  give rise 
to  a high frequency  o f CM tra n s d u c ta n ts ,in d ic a tin g  th a t  P IC M rec s till re ta in s  
a fa c to r  conferring re s is ta n c e  to  ch loram phenico l. T his shows th a t  C M  has a 
m ultilocus basis an d  th a t  p a rts  o f th is  m ultilocus can  be tran sp o sed . In  Pro-
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teus m irabilis , th e re  is a p lasm id  w hich con ta ins m u ltip le , tan d em  copies of 
th e  gene conferring  resis tan ce  to  ch lo ram phen ico l [17]. P a r t  of th is  reg ion  can  
rem ove an d  re -in se rt itse lf. This is a ty p e  o f tra n sp o s itio n .

The C M  m u ltilocus in P IC M rec  is a d d itiv e  in  its  effects. This is suggested  
by  th e  fac t th a t  3 5 K N -a , th e  s tra in  n o t ca rry ing  P IC M rec, b u t re s is ta n t to  
ch lo ram phen ico l, d isp lay ed  a degree o f res is tan ce  to  ch loram phenico l w hich  
w as clearly  less th a n  th a t  d isp layed  by  e ith e r  M35 or 1802. I t  is qu ite  p ro b ab le  
th a t  tran sp o s itio n  e lem en ts, tran sp o so n s, from  th e  C M  m ultilocus an d  from  
o th e r P IC M rec regions w ere released  as a g roup  b y  m ean s of in tra -m o lecu la r 
recom bina tions be tw een  re p e titiv e  ends, possib ly  th ro u g h  th e  agency o f th e  
rec fac to r, an d  in  tu r n  in co rp o ra ted  th ro u g h  reco m b in a tio n s in to  v a rious re 
gions of th e  E . coli chrom osom e, lead ing  to  th e  c rea tio n  o f th e  m u tab le  reg ions 
d e te rm in ing  th e  o rig inal au x o troph ies an d  to  th e  g en e ra tio n  of the  new m u ta n t  
and  m u tab le  regions. A lte rn a tiv e ly , th o u g h  no t m u tu a lly  exclusive, such  
tran sp o so n s could h av e  been  in co rp o ra ted  as a g roup  in to  various reg ions of 
th e  E . coli chrom osom es b y  m eans of reco m b in a tio n s betw een  p lasm id  an d  
chrom osom e, lead ing  to  th e  m u ta to r  effects.

I t  is know n th a t  p lasm ids such as P I  an d  G ram -n eg a tiv e  b ac te ria  such  as 
E . coli have v e ry  sm all genetic  segm ents capab le  of tran sp o s itio n  w ith in  a 
given genom e or from  one genom e to  a n o th e r, and  th e se  segm ents h av e  been  
re ferred  to  as IS  in se rtio n  sequences [18]. I t  is also k n o w n  [18] th a t  R  fac to rs  
have sm all tra n s lo c a ta b le  d rug -resistance  elem ents (la rg er th a n  IS sequences) 
capab le  to  tran sp o sitio n s  to  o th e r p lasm ids an d  to  th e  chrom osom es o f G ra m 
n egative  b ac te ria , w here  in  th e  la tte r , th e y  are  capab le  o f inducing  m u ta tio n . 
In  PI, IS sequences (IS1) h av e  in  fac t been found  lo ca ted  a t  or near th e  s ite  o f 
th e  C M  m ark er [19], th is  s ite  being re fe rred  to  as cat-gene 2 [20].

In  b ac te ria , a tra n sp o so n , Tn9, exists w hich  carries a  cat locus [21]. A nd  
evidence ind ica tes som e T n  elem ents (a t least) in  b a c te r ia  are tran sp o sed  b y  
m eans of p a rtic u la r  ty p e s  o f reco m b in a tio n  betw een  genom ic en tities [22].

T ransposab le  genetic  elem ents w ith  m u ta to r  effect h a v e  also been fo u n d  
in  o th e r organism s, such  as p ro tozoa  [23, 24], insects [2 5 -2 8 ], nem atodes [29], 
m aize [30-32], and  y e a s t [33 -37 ]. T ransposon-like e lem en ts also exist in  h u 
m ans, m onkeys, an d  p rosim ians, b u t so fa r, no m u ta to r  effect has been n o te d  
in  vivo [38, 39].

A specific exam ple  o f tran sp o so n  phenom ena in  in sec ts  occurs in  Dro
sophila m auritiana. In  th is  o rganism , a m u ta tio n  re su ltin g  from  the  in se rtio n  
o f a tran sp o so n  ex h ib its  genetic  in s tab ility . T his in s ta b ili ty  is g rea tly  enhanced  
in  th e  presence of a tra n s -a c tin g  au tosom al fac to r  [26] a n d  has a m a te rn a l ef
fect w hen tra n sm itte d  to  a n o th e r Drosophila  species. I f  th is  autosom al fa c to r  
gives rise to  a tran sp o so n , th is  s itu a tio n  w ould show  a c lear parallel to  th e  E . 
coh-P lC M rec system , as w ould  th e  s itu a tio n  in  Drosophila sim ulans  w herein  a 
tran sp o so n  in tro d u ced  in to  th e  genom e v ia  tra n s fe c tio n  induced  a m u ta tio n
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effect o f  an o th e r tran sp o so n  [28]. An analogous s itu a tio n  also prevails in  
D rosophila  melanogaster [27]. In  th is  connec tion , tran sp o sab le  e lem ents from  
th e  T1 p lasm id  resid ing  in  h igher p la n t cells (a fte r in fection  b y  agrobac te ria ) 
b ecom e in serted  in to  th e  p la n t chrom osom e, generating  m u ta tio n s  lead ing  to  
tu m o u rs  [40]. In  an im al a n d  h u m an  cell lines, transposons, o r tran sp o so n -lik e  
e lem en ts , have  been im p lica ted  in  n eop lasia  th ro u g h  th e  p rocess o f in sertio n a l 
m u tag en esis  [41]. A nd in  h u m a n  ly m p h o b la s to id  cell lines, th e  h u m an  t r a n s 
p o sab le  e lem ent, T H E -1 , is p resen t [39]. I n  general, th e  v a rio u s  tran sp o so n s  
fo u n d  in  d ifferen t o rgan ism s can  induce v a rio u s  genetic changes th ro u g h  th e ir  
in se r tio n  in  an d  rem oval from  chrom osom es, an d  a num ber can  do so in  a reg u 
la to ry  m an n er. M any o f th e se  genetic  changes can  affect or re g u la te  gene ex p res
sion ; an d  th u s  in  a re la te d  m ode, tran sp o so n s  can  behave as fa c to rs  in  genetic  
re g u la tio n  [24, 32].

T ransposons from  v ario u s organism s a rc  sim ilar to  one a n o th e r in  mole- 
cu la r/g en e tic  s tru c tu re  [32]. F o r exam ple , th e  Tn3 tran sp o so n  in  b a c te ria  an d  
th e  Ac con tro lling  e lem ent in  m aize h a v e  sim ilar genetic /m olecular o rg an iza 
t io n  [32]. These tran sp o so n s  an d  o th ers  p roduce  an enzym e, re fe rred  to  as 
tra n sp o sa se , a p p a re n tly , a ty p e  of recom binase  involved in  tra n sp o s itio n  [22, 
24, 32]. I t  an d  re la te d  enzym es ap p ea r to  be involved in  v a rio u s  ty p es  of re 
co m b in a tio n -ev en ts  n ecessary  for tra n sp o s itio n  [22, 24, 36, 42]. A n u m b er of 
th e se  ev en ts  w ould  be  re la te d  to  th e  ty p e  o f  reco m b in a tio n -ev en ts  invo lved  in 
th e  release and  in co rp o ra tio n  o f a p ro p h ag e  such  as lam b d a  [43], th o u g h  som e 
tran sp o so n -sy s tem s u tilize  an o th e r ty p e  o f recom bination  k n o w n  as gene con
v e rs io n  [24]. V arious tran sp o so n s  m ay  in  fa c t be re la ted  to  or derived  from  
v iru se s , inasm uch  as th e  s tru c tu re  o f re tro v ira l  DNA resem bles th e  s tru c tu re  
o f tra n sp o sa b le  e lem ents p re sen t in  b a c te r ia , y east, and in sec ts  [42]. P rov iruses 
( th e  in te g ra te d  re tro v ira l D N A ) ex h ib it in se rtio n a l m u tagenesis  and  excision 
b y  reco m b in a tio n  b e tw een  te rm in a lly  re p e a te d  sequences, as “ expec ted  of 
o th e r  tran sp o sab le  e lem en ts”  [42]. In  m aize, a certa in  m u ta to r  a c tiv ity  was 
fo u n d  to  be caused b y  th e  tra n sp o s itio n  o f various b ac te rio p h ag e  e lem ents, 
k n o w n  as Mu [44 -47 ]. Sm all segm ents o f M u (mini-M u) also tran sp o se  in  b a c 
te r ia  [47], and  Mu e lem ents are know n  to  have  a m u ta to r  effect in  E . coli 
[47]. In  th is  connection , an  inv ertib le  reg io n  of Mu, possib ly  a m ini-M u, was 
fo u n d  to  be id en tica l in  D N A  sequence to  t h a t  of an in v e rtib le  reg ion  fo u n d  in  
PI [48]. P erh ap s such  a m ini-M u is also im plica ted  in  th e  P IC M rec-F . coli 
m u ta to r  system .

W ith  reg ard  to  th e  various tran sp o so n -sy stem s, th e  p ic tu re  is s till left 
in co m p le te , especially  in  th e  follow ing, im p o rta n t resp ec t. H ow  are th e  b e 
h a v io u r an d  m olecular o rg an iza tio n  o f re sp ec tiv e  tran sp o so n s  subsum ed  un d er 
th e  general an d  local re g u la to ry  c o n s tra in ts  guiding and  s tru c tu r in g  tran sp o so n  
p h en o m en a?  Such re g u la to ry  c o n s tra in ts  are qu ite  re le v a n t to  th e  E . coli- 
P lC M rec  system , an d  th e  su b seq u en t discussion will ad d ress  th is  m a tte r .
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In  th is  r e g a rd ,i t  is theo rized  [49] th a t  various tran sp o so n s  from  PIC M rec 
in te g ra te d  in to  various, w idely sp read  regions of th e  E . coli chrom osom e, 
causing  m echan ical d isto rtions, co n fig u ra tio n a l changes in  th e  genom e, lead ing  
to  d y n am ica l stresses or non -u n ifo rm  pressures w ith in  reg ions th ro u g h  th e  
E . coli genom e resu lting  in  n o n -co n fo rm ity  in  rep lica tion  (or m isrep lication) 
an d  m isrepair, w ith  th e  consequen t gen era tio n  of h igh m u ta b ili ty  an d  new  
m u ta n t  genes, som e of w hich being  also m u tab le . The fac t t h a t  th e  sam e m u 
t a n t  changes (to  leu, ilv, thr, phe, trp , tyr, an d  to  sfrS) occu rred  in  12 in d e p e n d 
e n tly  arising  tra n sd u c ta n ts , each  arising  from  th e  s e p a ra te  in fec tion  an d  
ly sogen iza tion  b y  a d ifferent P IC M rec phage , po in ts  to  a d irec ted  or p ro g ra m 
m ed  genera tio n  of new m u ta tio n s  b y  PICM rec. (Being in  th e  sam e am ino-acid  
fam ily , phe, trp  and  tyr  req u irem en ts  m ig h t be due to  one p le io trop ic  m u ta tio n .)  
In  e igh t such  s tra in s , th e  gen era tio n  o f sim ilar m u ta n t changes invo lved  in  
th e  u tiliz a tio n  o f p a rticu la r  ca rb o h y d ra tes  also su p p o rts  th e  conclusion of d i
re c te d  m u ta tio n  b y  PICMrec. In a sm u ch  as th ese  new m u ta n t  genes, w ith  th e  
ex cep tion  of sir , m a l+, and  x y l+, th e  la t te r  tw o being h igh ly  m u tab le , m a p 
p ed  w ith in  th e  sam e re la tiv e ly  sm all sec tion  in  tw o te s ted  s tra in s , it is qu ite  
possib le th a t  th is  d irec ted  m u ta tio n  in  th e  P IC M rec lysogens can  be exp la ined  
(in  p a r t)  b y  g iven  transposons from  P IC M rec p lasm ids alw ays being  d y n a m i
cally  d raw n  to  an d  in teg ra ted , b y  m eans o f reco m b in a tio n , w ith in  th e  sam e 
E . coli ch rom osom al regions of g iven  co n figu ra tions, w ith  th e  consequen t gen
e ra tio n  of th e  sam e fields of n o n -u n ifo rm  force co n fig u ra tio n s w ith in  th e  
genom e, lead ing  to  th e  sam e genom ic changes. Also, p a r tic u la r  reco m b in a tio n s 
b e tw een  p lasm id  an d  chrom osom e a t  specific  co n fig u ra tio n a l regions could 
acco u n t fo r such  in teg ra tio n s , lead in g  to  d irec ted  m u ta to r  effects. T he g en era 
tio n  o f resp ec tiv e ly  high m u tab ilitie s  o f his and pro arg in  resp ec tiv e ly  M35, 
M 294, an d  M364 w ould  also suggest t h a t  in  th ese  cases th e  g en era tio n  of m u 
ta b i l i ty  w as d irec ted , th o u g h  it  is ap p re c ia ted  th a t  th e  degree o f such varies 
w ith  th e  s tra in , suggesting  th a t  th e  in te g ra tio n  of th e  tran sp o so n s  w as no t in  
e x a c tly  th e  sam e places in  th e  d iffe ren t s tra in s .

As one will recall, th e  genetic  sec tion  inc lud ing  p ro A , p ro B , an d  argF  is 
de le ted  in  th e  P IC M rec lysogens,as is a reg ion  includ ing  th e  a rg l  locus. In  th is  
connection , one m ay  ask how th e re  could  be h igh -frequency  reversion  to  arg + 
an d  p r o + p ro to tro p h y  if  th e  genes fo r p ro A , p ro B , argF , an d  a rg l  a re  deleted . 
C learly , as in d ica ted  earlier, th e  rev ersio n  to  p r o + and  arg+ invo lves an o th e r 
genetic  reg ion  (or regions), possib ly  one(s) b e tw een  th e  ones th a t  have  been  
d e le ted , and  th a t  a tran sp o so n , b y  in te g ra tin g  in to  th a t  region(s), w hich w ould 
n o t be fa r from  e ith e r th e  a rg l de le tion  or th e  deletion  in c lu d in g  p ro A  p ro B  
argF , has m ade i t  un stab le , w ith  th e  co n seq u en t suppression  o f pro arg auxo- 
tro p h y . T he lo ca tio n  of th is  p resum ed , u n s ta b le , supp resso r-like  region (or 
regions) could v e ry  well be near th e  sec tion  w here th e  o th e r, new ly  c rea ted  
m u ta n t  genes m ap  (th is w ould be close to  b o th  [argl] an d  to  [proA p ro B
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argF ], an d  th e  d irec ted  c rea tio n  of such  m u ta n t  genes could  have occurred  
along w ith  th e  d irec ted  c rea tio n  of th e  p resum ed  u n s ta b le  pro arg supp resso r. 
(The s ite  o f m u tT  m u ta to r  gene [3, 50, 51] also m aps close to  th e  region o f th e  
p resu m ed  u n stab le  su p p resso r and  i t  is possib le th a t  a new ly  c rea ted  m u tT  
m u ta to r  gene in  PICM rec lysogens due to  an  in se rtio n  o f a tra n sp o so n  is also 
im p lica ted  in  pro arg m u ta b ility ) . In  th is  connection , i t  is possible th a t  som e 
o f th e  o th e r, induced  m u tab ilitie s , such as th a t  o f his, m ay  also involve reg u la 
to ry  or su p p resso r-ty p e  regions. As n o ted  earlier, tran sp o so n s  in  o th e r o rg a n 
ism s do in  fact im p lic a te  genetic  re g u la to ry  regions, o r fu n c tio n  as ex tensions 
o f genetic  regu la tion . A n d  enhanced  m u tagenesis  in v o k ed  in  th e  E . co /i-P IM rec 
sy s tem  generally  o ccu rred  w ith in  a specific  period , suggesting  a regu la tio n .

In  Salmonella, th e r e  is a genera lly  n o n -rev ertib le  s tra in  in cap ab le  of 
leucine b iosyn thesis d u e  to  th e  dele tion  o f a gene in v o lv ed  in  th e  leucine- 
b io sy n th esis  p a th w ay . H ow ever, ce rta in  p o in t m u ta tio n s  w ere found  to  re s to re  
th e  a b ility  of th is  s tr a in  to  synthesize leucine [52]. T h u s, in  Salmonella, th e re  
ex is ts  an  avenue, m ost lik e ly  reg u la to ry , w hich  can  p e rm it or allow th e  g en e ra 
t io n  o f  a degree of leu  m u ta b ili ty  to  p ro to tro p h y  even th o u g h  a gene invo lved  
in  leucine  b iosyn thesis is deleted. I t  is q u ite  possible t h a t  such leu m u ta b ili ty  
cou ld  be enhanced. In  fa c t, th e re  ex ists in  Salm onella  a p lasm id , d ifferen t from  
P I ,w h ic h  can gen era te  h ig h  m u ta b ility  w ith in  a specific  locus, an d  w hen in tro 
du ced  in to  E . coli, th is  sam e p lasm id  can  also g enera te  h igh  m u ta b ility  w ith in  
a specific  locus [53]. I n  E . coli, th is  p lasm id , pK M IO l enhances th e  m u tagen ic  
effect o f a chem ical m u ta g e n  and  UV on th is  p a r tic u la r  locus, and  i t  w as p o s tu 
la te d  th a t  th is  p lasm id  a c ts  m utagen ica lly  b y  increasing  th e  process o f m isrepair.

W here th is  o th e r  p lasm id  in  E . coli enhances th e  m utagen ic  effects o f 
k n o w n  m utagens or m u tagen ic  processes, we have  seen th a t  th e  P IC M rec 
m u tagen ic  effect is i ts e lf  g rea tly  en h an ced  b y  a n o th e r process, an d  th is  one 
n o t even  m utagen ic  i t s e l f . l t  is no t c e rta in  how  th isp ro cess  o f P l-v irio n -in co rp o - 
ra tio n  does th is . F ir s t ,  is it  enough for v irion  D N A  from  th e  donor b a c te ria  to  
m ere ly  en te r and  resid e  in  th e  rec ip ien t’s cy top lasm  fo r th e  enhanced  m u ta b ili ty  
to  be e v e n tu a te d ?  U n lik e ly , as such  exposed lin ea r D N A  w ould be d igested  
by D N ase. Or, second , m u st DNA frag m en ts  o f donor b a c te r ia  (included am ong 
th e  virion-D N A ) in te g ra te  in to  th e  rec ip ien t chrom osom e in o rd er fo r th e  
en h an ced  P IC M rec-m ed ia ted  m u ta b ility  to  ta k e  p lace?  In  view  of th e  p o s tu 
la te d  an d  qu ite  possib le  dynam ical basis fo r P IC M rec-g en era ted  m u ta b ility , it  
w o u ld  seem th a t  th e  in te g ra tio n  of a d d itio n a l (b ac te ria l) genetic m a te ria l in to  
a chrom osom e, a lre a d y  m ade dy n am ica lly  d is to r te d  o r stressed  (d y n am ica lly  
non-un ifo rm ) b y  p rev io u s  in teg ra tio n  o f tran sp o so n s  in to  critica l regions, w ould  
h a v e  th e  chrom osom e incur fu r th e r  d is to rtio n s (or co n fig u ra tio n a l changes) 
and  hence a d d itio n a l in te rn a l, d y n am ica l stresses, m ak in g  i t  even m ore d y n a 
m ica lly  non -un ifo rm  in  various regions, w ith  th e  consequen t genera tion  o f even 
g re a te r , th ough  u n ifo rm , m u tab ility . I t  is n o t clear w h y  th is  add itio n a l in teg ra -
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t io n  w ould m ake u n ifo rm  th e  in c reased  m u tab ilitie s , unless th e  degree of in 
creased  in te rn a l, d ynam ica l stress w as m ade un ifo rm  fo r all th e  genetic  regions 
in  question .

A sign ifican t im p lica tion  o f th e  foregoing is t h a t  in se rtio n  o f genetic 
e lem ents can  h av e  a  global and  co -o rd in a te , m u tagen ic  effect on a chrom osom e 
as a whole. This is especially  so as som e of th e  sites o f  induced , co -o rd in a ted  
m utagenesis w ere w idely  sep ara te  fro m  one an o th e r. A fu r th e r  im p lica tio n  of 
th is  an d  th e  d a ta  is t h a t  th e  in se rtio n  o f a given tra n sp o so n  or genetic  elem ent 
can  have a m u tag en ic /reg u la to ry  effect far beyond  its  s ite  of in se rtio n . T h a t 
is, i t  can  e v e n tu a te  a contro lled  m utagenesis a t a d is tan ce  th ro u g h  w hich, 
am ong  o ther genetic  effects, gene expression  could becom e ac tiv e  or in ac tiv e . 
T h is w ould suggest m ore  of a p h y sica l process being  invo lved  th a n  a chem ical 
one, th o u g h  th e  la t te r  is seen as a sig n ifican t com plem ent, or m ark er, n e v e rth e 
less.

Such in sertions o f genetic e lem en ts in to  new  genetic  regions are  a ty p e  
o f  g en e tic -re-a rran g em en t, itse lf  a genetic  change. I n  th is  s itu a tio n , th e se  are 
genetic  re -a rran g em en ts  w hich h a v e  reg u la to ry /m u tag en ic  effects on th e  ch ro 
m osom e beyond  th e  genetic  loci w h ere in  th e y  are  in se rted .

This phenom enon  is analogous, i f  n o t re la ted , to  position-effect v a rieg a 
tio n  (Р-Е У ), a phenom enon  know n  fo r m an y  years [54]. W hen  a genetic  re 
a rran g em en t invo lv in g  h e te ro ch ro m atin  — an  in ten se ly  coiled sec tion  o f th e  
chrom osom e —  ta k e s  place, ac tiv e  genes, m an y  u n its  d is ta l to  th e  s ite  o f h e te 
ro ch ro m a tin  b reak ag e , becom e rep re ssed  in  sequence, an d  th u s  in  a  po larized  
fash io n , as th e  reg ions th e y  a re  in  becom e progressively  h e te ro ch ro m atic . 
T h e re  is a po larized  sp reading  of th e  h e te ro ch ro m atic  s ta te  from  th e  s ite  of 
h e te ro ch ro m atin  b reak ag e , i.e., th e  s ite  o f h e te ro ch ro m atin  re -a rran g e m e n t, to  
th e  euch rom atic  reg io n  of th e  chrom osom e. A nd p h en o ty p ica lly , th is  is ex p res
sed  as v ariega tion . M any  cases of gene tic  in s ta b ility  a re  derived  from  o r im p li
ca te  chrom osom al re -a rran g em en ts  invo lv ing  h e te ro ch ro m atin  (for a d iscus
sion  of th is , see 55), inc lud ing  th e  con tro llin g  elem ents in  m aize [30]. In  some 
o rgan ism s, h e te ro ch ro m atin , itself, is su b jec t to  p re fe ren tia l loss a t  p a r tic u la r  
periods and  in  specific  regions as a n  asp ec t o f deve lopm en t [56].

In  th e  A c-D s sy stem  in m aize, a ty p e  of P -E Y  can  he g en era ted  in  tu rn . 
F o r  exam ple, th e  D s elem ent, once in se rted  in  a g iven  position , b rings ab o u t 
an  u n s tab le  expression  or m u ta tio n  to  a series o f genes a d ja c e n t to  th e  in se rtio n  
s ite  [57], th is  effect th u s  sp read ing  fro m  th e  position  o f th e  Ds elem ent.

In  yeast, a ty p e  o f  P -E V  is also re la te d  to  its  tra n sp o so n  sy stem  invo lv ing  
m a tin g  ty p e , i.e., th e  MAT locus [33, 35, 37]. R ep ressed  or s ilen t copies o f 
m a tin g  ty p e  genes ex is t a t tw o o th e r  genetic  localities (H M L an d  H M R ) on 
th e  sam e y east chrom osom e. Copies o f th ese  silen t genes can  fre q u e n tly  he 
in se r te d  in to  th e  M AT locus, w ith  th e ir  re su lta n t expression. T h o u g h  no t 
expressed , th e  H M R  an d  HM L genes have  com pletely  fu n c tio n a l genetic  in-
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fo rm a tio n , including a p ro m o te r . B o th  of th ese  rep ressed  genes a re  k ep t silent 
b y  tw o  D N A  sequences t h a t  are  m any  h u n d red s  o f  base  p a irs  aw ay  from  th e  
genes in  question . C om parisons o f th e  c h ro m a tin  s tru c tu re  a t  th e  MAT locus, 
w h ere  genetic expression  occurs, w ith  th a t  o f th e  tw o  rep ressed  genes, show 
s ig n if ic a n t differences in  c h ro m a tin  s tru c tu re . M oreover, in  y e a s t, th e  insertion  
o f th e  Т у  tran sp o sitio n  e lem en t hundreds of b ase  p a irs  from  a gene can cause 
th e  gene to  be expressed  [34]. A lte rn a tiv e ly , such  an  in se rtio n  can  tu rn  off a 
gene’s expression.

M any tran sp o sab le  e lem ents in  b a c te ria  ex e rt a s trong  p o la r effect on 
th e  expression  of genes lo c a te d  in  th e  sam e operon  d is ta l to  th e  in se rtio n  [58]. 
I n  ch ickens, lym phom as can  be genera ted  th ro u g h  th e  ac tiv a tio n  o f a cellular 
gene, c-myc. This a c tiv a tio n  is due to  th e  in se rtio n  o f re tro v ira l D N A , a tran sp o - 
son -like  elem ent, a t  a d is ta n c e  from  th e  gene in  questio n  [41]. I n  Drosophila, 
th e re  are  separable c o n tro l elem ents p resen t 1.1 to  1.9 kilo bases from  th e  w hite 
gene, an d  th e ir  p resence  is req u ired  for th e  expression  of th is  gene [59]. T hey  
a re  th u s  cis-acting  a t  a d is tan ce .

Also re levan t is t h a t  supercoiling of D N A  has been  show n to  affect 
tran sp o so n -m ed ia ted  reco m b in a tio n  [36]. A nd  i t  is p roposed  [36] th a t  suppres
so r-m u ta to rs  (Spm s) in  y e a s t can  affect th e  su p e rh e lic ity  of D N A  in  and  around  
a Т у  elem ent. These S p m s, them selves, could  v e ry  well be tra n sp o s itio n  ele
m e n ts . In  th is co n n ec tio n , a m u ta tio n  in  b a c te r ia  decreases D N A  supercoiling 
an d  show s a c o n co m itan t decrease in  th e  tra n sp o s itio n  freq u en cy  of Tn5 and 
T n3 [22]. As B o rst a n d  G reaves s ta te  [24], “ c h ro m a tin  s tru c tu re  is . . . .  an 
im p o r ta n t elem ent in  th e  decision ab o u t w hich  gene will be rea rran g ed  ( tra n s 
posed) and  it  m ay со -d e te rm in e  th e  d irec tion  o f gene tra n sp o s itio n ” .

Clearly, th e se  P -E V  ty p e , m u tag en ic /reg u la to ry  effects o f  transposons, 
and  th e  unifying c o n tro l o f  such genetic e lem ents, invo lved  a lte ra tio n s  in  th e  
co n fig u ra tio n a l s tru c tu re  o f th e  chrom osom e, th e  E . coh'-PICM rec system  being 
th e  p rim e  exam ple o f su ch  co n tro l o f gene ex p ressio n /m u tag en ic ity  a t a d istance 
encom passing  th e  genom e as a whole. I t  w ould  ap p ea r th is  un ify ing  contro l 
o p e ra te s  th ro u g h  d iffe re n t levels of genom ic o rg an iza tion . (A t a given level 
o f genom ic o rg an iza tio n  con tro lled-gene in s ta b ili ty  and  regu la ted -gene  exp res
sion would becom e id en tica l.)

B y  so involving th e s e  d ifferen t levels, chang ing  con figu ra tions w ith in  or 
o f a chrom osom e cou ld  p rov ide  th e  physical, d y n am ica l connections or th e  
u n ify in g , dynam ical n ex u s  th ro u g h  w hich tra n sp o s itio n -m u ta to r  phenom ena 
a re  genera ted , co -o rd in a ted , an d  contro lled . T he enzym es in v o lved  in  tran sp o si
t io n  an d  consequent p h en o m en a  w ould be su b su m ed  u n d er th is  dynam ical 
n ex u s . For exam ple, su ch  enzym es could be dy n am ica lly  co -o rd inated /syn- 
ch ron ized  b y  m eans o f  g iven  ch ro m atin  co n figu ra tions, m ak ing  th e  enzym es 
d y n am ica lly  accessible in  various w ays to  th e  ch ro m a tin  regions in  question . 
I f  m ade accessible in  a p a rtic u la r  m anner, m u ta g e n ic ity  a t  th e  DNA level
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m ig h t ensue. As it  p e rta in s  to  tra n sp o s itio n  elem ents an d  th e ir  co -o rd ina tion  
or sy n ch ro n y , th e re  is in  fac t ev idence  fo r a re la tionsh ip  be tw een  such  enzym e 
accessib ility  and  ch ro m atin  co n fig u ra tio n  [24]. T he im p o rtan ce  o f such  co
o rd in a tio n  or sy n ch ro n y  of tra n sp o s itio n  phenom ena, an d  its  im p lica tions, 
a re  seen as follows.

T hough  th e  in fluence  of P l-v ir io n -in c o rp o ra tio n  or generalized  t r a n s 
d u c tio n  was to  m ake un iform  th e  degree of P IC M rec-m ed ia ted  m u ta b ility , 
d a ta  in  T ab le  IX  suggested an  a p p a re n t  incongru ity  p e rta in in g  to  such  u n ifo r
m ity . T hough  all te s te d  (163) p r o + arg + colonies (in T ab le  IX ) w ere also trp + 
i lv + h is + met + upon  v irion-D N A  in co rp o ra tio n , and  th o u g h , as n o ted  earlier, 
th e  frequencies of met + , tr p +, le u +, i l v +, and  trp + m e t+ i l v + le u + p ro to tro p h ic  
classes are  com parab le  to  one a n o th e r  upon  v irio n -in co rp o ra tio n  (generalized  
tra n sd u c tio n ) , it  is nevertheless seen in  T ab le  IX  th a t  th e  re spec tive  frequencies 
o f m et+ and  tr p + ilv + le u + m et+ p ro to tro p h s  (p ro to tro p h ic  classes) are one- 
h a lf  th a t  of th e  frequency  of p r o + a rg + h is + ilv + tr p + m et+ p ro to tro p h s  upon  
v irio n -in co rp o ra tio n . P erhaps th e  fo rm er tw o classes a re  ju s t  a t  a selective 
d isad v an tag e  com pared  to  th e  la t te r .  H ow ever, in  v iew  of th e  fac t th a t  p ro to 
tro p h s  o f d ifferen t p h eno typ ic  classes resu lting  from  v irio n -in co rp o ra tio n  are 
genera lly  recoverab le  a t com parab le  frequencies, even  w hen  one is selecting  
for p ro to tro p h s  o f m ore th a n  one am ino-acid , th is  e x p lan a tio n  is no t 
likely .

C onsidering a n o th e r e x p lan a tio n , m u tab ility  to  p r o + arg+ u p o n  virion- 
in co rp o ra tio n  on su p p lem en ta l m ed ia  (13 all) lack ing  pro line  an d /o r arg in ine 
m ay  be g rea te r due to  a special in te ra c tio n  betw een a u n iq u e ly  m u tab le  genom e 
an d  a p a r tic u la r  m icro -en v iro n m en t; an d  since, as we h av e  seen, th e  increased 
m u ta b ili ty  w ith in  one region is asso c ia ted  w ith  co m p arab le  increases in  o th e r 
regions up o n  v irio n  in co rp o ra tio n , increased  reversion  to  p r o + an d  arg+ m ay  
have s tim u la ted , th ro u g h  changes in  chrom osom al c o n fig u ra tio n , increased , 
an d  hence com parab le , reversion  to  met + , i lv +, leu +, a n d  t r p + on th a t  p a r t ic 
u la r  m ed ia  lack ing  proline an d /o r arg in ine . The special in te ra c tio n  re fe rred  
to , an d  th e  sy n ch ro n y  of m u tag en esis  involved, suggest an  e n v iro n m en ta lly  
d ep en d en t, y e t in n e r-d irec ted , ad ap tiv e -m u tag en esis , th e  ad ap tiv en ess  c o n tin 
gent up o n  th e  s ta te  of co -o rd in a te ly  enhanced  m u tab ilitie s  invo lv ing  m ost, if  
n o t all, o f th e  b ac te ria l genom e. S uch  synchrony  w ould  h av e  been  m ed ia ted  
th ro u g h  changes in  th e  d y n am ica l con figu ra tion  o f th e  chrom osom e. Y e t, 
c learly , such  changes, im p lica ting  th e  in se rtio n  of genetic  e lem ents, w ere linked  
to  th e  n u tr itio n a l stress of th e  g ro w th  env ironm ent. D a ta  p resen t in  o th e r 
tab le s  are  ce rta in ly  also in  accord  w ith  an  in se rtion -e lem en t-con tro lled  m u ta 
genesis ad ap tiv e ly  responsive to  th e  n u tr itio n a l s tress o f th e  g ro w th  en v iro n 
m en t.

In  various organism s, in c lu d in g  m aize, tran sp o sab le  e lem ents a re  a c tiv 
a ted  w hen  th e  genom e (or o rgan ism ) is stressed [32], a d y n am ica l s itu a tio n ,
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a n d  th e y  can serve a n  im p o r ta n t role in  re s tru c tu r in g  th e  genom e under con
d itio n s  of en v iro n m en ta l stress [60, 61]. R ecen t re sea rch  w ith  E . coli by  Cairns 
e t al. [62] has show n t h a t  b a c te r ia l cells can  m u ta te  a d a p tiv e ly  in  response 
to  a n u tritio n a l s tre ss . In  given s tra in s , tra n sp o s itio n  e lem ents were n o t 
d e te c te d  in  th is  p rocess. H ow ever, in  a s tra in  co n ta in in g  a b ac te riophage  Mu 
e lem en t, located n e a r  th e  genetic  reg ion  u n d e r s tu d y , th e  M u elem ent was 
c le a r ly  im plicated  in  th e  ad ap tiv e  m utagenesis . W hen  a n o th e r  Mu elem ent 
w as also present e lsew here  on th e  chrom osom e, th e  a d a p tiv e  m utagenesis did 
n o t occur, clearly in d ic a tin g  an  a c tio n -a t-d is tan ce  effect on ad ap tiv e  m u ta 
genesis. O ther, s ig n if ic a n t paralle ls w ere also fo u n d  betw een  th e  genetic s itu a 
t io n  described b y  C airns et al. an d  th e  one re p o rte d  in  th is  p ap er.

T ransposon b e h a v io u r  invo lv ing  re g u la to ry  regions w ould  appear to  be 
a n  a d a p tiv e  response to  stress , an d  such an  a d a p tiv e  response  w ould also a p 
p e a r  to  operate th ro u g h  th e  d ynam ica l avenues o f ch rom osom al con figu ra
tio n s . In  eukaryo tes, th e  d ynam ica l co n fig u ra tio n s of ce llu lar m em branes 
w o u ld  also be in v o lv ed , th e se  p ro v id ing  m ore effective links b e tw een  chrom o
som e and  en v iro n m en ta l stress.

W ith  regard  to  en v iro n m en ta l s tress, a h igh  freq u en cy  of contro lled , 
g en e tic  re -a rran g em en ts  invo lv ing  recom binase  a c tiv ity  is a t  th e  basis of im 
m unolog ica l d iv e rs ity  [24]. I t  is such w hich enab les th e  im m u n e  system  to  be 
a d a p tiv e ly  responsive to  e n v iro n m en ta l s tress , i.e ., in fec tion . Such a system  
o f con tro lled , genetic  re -a rran g e m e n ts  m ight h av e  evolved from  a system  of 
tran sp o so n s . In  fac t, th e  g enera tion  of im m unolog ical d iv e rs ity  in  chicken В 
cells an d  antigen d iv e rs ity  in  som e p ro to zo a  an d  eu b a c te ria  invo lve  th e  a lte ra 
tio n  o f  a gene in  an  exp ression  s ite  th ro u g h  a ty p e  of tra n sp o s itio n  u tilizing  
gene  conversion [24], a form  of reco m b in a tio n . T he p ro to zo a  in  question , 
Trypanosom a , and  th e  eu b ac te ria  in  question , Borrelia, can  respec tive ly  evade 
th e  h ost im m une sy s te m , itse lf  an  e n v iro n m en ta l s tress fo r th o se  organism s, by  
re p e a te d ly  changing, th ro u g h  genetic  tra n sp o s itio n , th e  an tig en s m aking up 
th e ir  surface coats [24].

In  th is regard , th e  effects o f e n v iro n m en ta l s tress on th e  E . coZi-PICMrec 
sy s te m  should be in v e s tig a te d  m ore com prehensively  and  in  m ore  detail. The 
e ffec ts  of en v iro n m en ta lly  stressfu l fac to rs  such  as th e  lack  o f specific  n u trien ts , 
h ig h  tem p era tu res , U V , and  chem ical m u tag en s, w ould  p ro v e  im p o rta n t to  
k n o w . (T em peratu re  does have an  in fluence  on th is  sy stem , as we have seen, 
a n d  Tn3 tran sp o sitio n  in  b ac te ria  is tem p e ra tu re -se n s itiv e  [58].) The effects 
o f  genetic  stress w ith in  th is  sy stem , such  as th e  inclusion  o f rep a ir  deficient 
m a rk e rs , e.g., recA, an d  th e  in co rp o ra tio n  o f o th e r  types of v iruses, such as 
re tro v iru se s , w ould be  o f  sign ifican t in te re s t.

Some of th e  p h en o m en a  associa ted  w ith  th is  m u ta b ili ty  system  have 
s ig n if ican t m edical re lev an ce . F o r exam ple, th e  p h enom enon  o f th e  d irected  
n e g a tio n  by w ay o f a p a r tic u la r  p lasm id  of a n tib io tic  re s is tan ce  in  bac te ria  has
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im p o r ta n t  m edical im p lica tions, as th is  could  be developed  in to  a con tro lled  
m eans of e lim in a tin g  d ru g -re s is tan t b ac te ria .

T ran sfec tio n , b y  w ay  o f a v e c to r , o f tran sp o sab le  e lem ents fro m  a 
P IC M rec-ty p e  p lasm id  in to  th e  chrom osom e(s) of n eo p lastic  cells (a t le a s t in  
v itro )  m ay  gen era te  tran sp o so n -b ased , genom ic changes, e v e n tu a lly  lead in g  to  
th e  rev e rsa l o f th e  neop lastic  s ta te . T ran sfec tio n  has successfu lly  been u sed  
to  gene tica lly  tra n sfo rm  m am m alian  cells in  v itro  (e.g., 63. 64). I t  has th e  clear 
p o te n tia l  of gen era tin g  tran sp o so n -b ased  genom ic in s ta b ility  in  such cells.

A n o th e r p o in t should  be m ade w ith  reg a rd  to  ap p lica tio n . O ther w orkers 
h av e  show n th a t  th e  P I  p lasm id  system  can  in co rp o ra te  b a c te r ia l genes [10, 20, 
65]. B eing so, th is  sy stem  can  be reg a rd ed  as a  n a tu ra lly  occu rrin g  reco m b in an t - 
D N A  system . I t  is know n th a t  all b a c te r ia l genes ca rried  b y  respective  P I  
p lasm id s, inc lud ing  th e  genetic  reg ion  fo r ch lo ram phen ico l-resistance , (th e  C M  
reg io n  being  acqu ired  from  a b a c te r ia l genom e by  w ay  o f an  R  fac to r), ex ist 
w ith in  th e  sam e p a r tic u la r  reg ion  in  th e  P I  p lasm id  [20]. T h is reg ion  is re fe rred  
to  as cat-gene 2. H ow ever, i t  w as n o t know n  b y  w h a t m ean s such b a c te r ia l 
D N A  w as in co rp o ra ted  in to  th e  cat-gene 2 region of th e  P I  p lasm id . I t  w as 
th o u g h t th a t  such in co rp o ra tio n  is re la te d  to  concatem er fo rm atio n  d u rin g  
th e  p h age-p roduc ing  cycle of P I ,  th o u g h  th e re  was no ev idence  of th is .

C erta in  re su lts  of th is  c u rre n t s tu d y  stro n g ly  in d ica te  w h a t is in v o lved  
in  such  in co rp o ra tio n . One w ill reca ll th e  s tro n g  genetic ev idence th a t  t r a n s 
p o sitio n  or in se rtio n  elem ents com pose, or a re  included  in , th e  ch loram phenico l- 
re s is tan ce  reg ion  of PIC M rec, m ean ing  th a t  th e  cat-gene 2 reg io n  in  P IC M rec 
is com posed of, o r includes, tra n sp o s itio n  elem ents. H ence, in  th is  connection , 
i t  is v e ry  like ly  th a t  in co rp o ra tio n  o f b a c te r ia l genes in to  th e  P I  p lasm id  occurs 
b y  m eans o f tra n sp o s itio n  elem ents. Genes from  b a c te ria  are  lik e ly  tra n sp o se d  
in to  th e  cat-gene 2 reg ion  of th e  P I  p lasm id  b y  such elem ents. S ubsequen t r e 
sea rch  has show n th is  to  be in  fa c t th e  case [19]. A nd, as we h av e  seen, such  
e lem en ts can  re tu rn  to  th e  b a c te ria l genom e, tran sp o sin g  genetic  m a te ria l th a t  
h a d  been  resid ing  in  th e  p lasm id .

In  th is  an d  o th e r stud ies, th e re  w as no evidence t h a t  th e  ex istence o f 
b a c te r ia l genes (D N A ) in  th e  P I  p lasm id  m ad e  th e  p lasm id  its e lf  m u tag en e tica lly  
u n s ta b le , w hereas th e  in co rp o ra tio n  of tra n sp o s itio n  e lem en ts from  PIC M rec 
in to  k ey  regions o f th e  b a c te ria l genom e m ade th e  la t te r  u n s tab le . T he a p 
p a re n t  genetic  s ta b ility  of th e  P I  p lasm id  s y s te m — in  sp ite  o f i t  co n ta in in g  
in te g ra te d  b a c te r ia l D N A  —  m a y  be t ie d  to  th e  fac t th a t  su ch  D N A  alw ays 
resides in  a p a r tic u la r  genetic  reg ion  of th e  P I  p lasm id . In c o rp o ra tio n  of foreign  
or b a c te r ia l D N A  in to  th is  k ey  reg ion  w ould  allow th e  p lasm id  to  m a in ta in  its  
d y n am ica l in te g rity , and  hence allow  i t  to  rem ain  genetica lly  s tab le . H ow ever, 
i t  is q u ite  possible th a t  w ere b a c te ria l genes in co rp o ra ted  in to  o th e r regions 
o f th e  p lasm id , d ynam ical in s ta b ility  (or dynam ical n o n -u n ifo rm ity ) o f  th e  
e n tire  p lasm id  w ould  be g enera ted , lead ing  to  genetic  in s ta b ility  an d  consequen t
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o r associa ted  m u tag en esis . M oreover, th is  dynam ical in s ta b ili ty  could, as a 
fa c e t o f such, lead  to  th e  ac tiv a tio n  o f tra n sp o s itio n  p h enom ena  p rev iously  
d o rm a n t, bring ing  a b o u t tran sp o sitio n s o f  genetic m a te ria l betw een w idely  
s e p a ra te  regions o f th e  P I genom e, lead ing  to  m utagenesis in  PI, and  tra n s p o 
s itio n s  betw een  th e  p la sm id  an d  th e  b a c te r ia l genom e, le ad in g  to  genetic in s ta 
b ilitie s  in  th e  la tte r .

All of th is  has s ig n if ican t im p lica tions for reco m b in an t-D N A  techno logy , 
w h ich  is based u p o n  a r tif ic ia lly  in tro d u c in g  foreign D N A  in to  plasm ids and  
in to  euk ary o tic  chrom osom es th ro u g h  tran sfec tio n . T he in tro d u c tio n  of such  
fo re ig n  DNA in to  k ey  o r c ritica l regions o f a p lasm id  or chrom osom e could 
e v e n tu a lly  genera te  w ide-sp read  and  u n w a n te d  m utagenesis w ith in  th e  p lasm id  
o r chrom osom e; an d  in  th e  case of th e  p lasm id , th is  could lead  to  th e  in d u c tio n  of 
m u tagenesis  w ith in  th e  genom es of th e  b a c te r ia  w hich c a rry  such  p lasm ids.

As po in ted  ou t b y  R . W . Old and  S. B. P rim rose  [66], p lasm id  s ta b ili ty  
has been  a fac to r to  con sid er in  reco m b in an t-D N A  research . T hey  refer to  th e  
s tru c tu ra l in s ta b ility  o f som e plasm ids t h a t  have  been used , p o in ting  ou t th a t  
s t ru c tu ra l  in s ta b ility  m a y  be m ed ia ted  b y  tran sp o so n s resid en t in  th e  host 
chrom osom e or in  th e  p lasm id . Also, tran sp o so n s  used fo r th e  purpose of t r a n s 
fec tin g  th e  eu k ary o tic  genom e could g en e ra te  u n w an ted  m u ta tio n s  or genetic  
in s ta b ili ty . In  th is  re g a rd , germ  line ab n o rm alities  occurred  in  Drosophila  
sim u lo n s  w hen it  w as tra n s fe c te d  w ith  a tran sp o sab le  e lem en t [28], and  th is  
e lem en t appeared  to  in d u ce , over th e  genera tions, a m u ta tio n a l a c tiv ity  of 
a n o th e r  tran sp o so n  a lre a d y  p resen t in  th e  genom e. A n increase  in  th e  n u m b er 
o f o th e r  transposons in  th e  genom e was also n o ted  su b seq u en t to  tran sfec tio n . 
F u rth e rm o re , a T n 5 -tran sp o so n  in d u ced  m u ta n t o f R hizobium  re su lted  in  
u n ex p ec ted  genetic  changes leading to  p athogen ic-like  responses in  a legum e 
co n ta in in g  th e  b a c te r ia  [67]. As a po ssib ility , one shou ld  consider th a t  th e  
T n5  elem ent u n e x p ec ted ly  tran sp o sed  from  th e  b a c te ria  in to  th e  legum e ge
nom e w here it  g e n e ra te d  th e  u nexpec ted  an d  u n w an ted  m u ta tio n s . This is es
p ec ia lly  re lev an t in  v iew  of the  use of tran sp o sab le  elem ent s in  th e  genetic en 
g ineering  of p lan ts  [68], th o u g h  it  is encourag ing  th a t  such  use, involv ing  th e  
m aize transposab le  e lem en t Mid, can  re su lt in  s itu a tio n s  w here th e re  is an  
absence  of m u ta to r  effects [68].

P erhaps, based  on th e se  successes, such  techno logy  has generally  assum ed 
t h a t  inco rp o ra tio n  of fo re ign  DNA can h a v e  no effects u p o n  th e  genetic in te g 
r i ty  of th e  p lasm id  a n d  chrom osom e. Such techno logy  has generally  been fo r 
tu n a te ,  so far, in  th a t  in co rp o ra tio n  of fo reign  D N A  has been  in  those regions 
o f  th e  p lasm id or ch rom osom e w hich allow ed such to  m a in ta in  its  dynam ica l, 
an d  hence, genetical in te g rity .

F inally , th e  ex istence  of the  ty p e  o f m u ta b ility  sy stem  as described  in  
th is  s tu d y , especially  i ts  ab ility  to  confer a lm ost im m ed ia te  adap tiveness to  
th e  organism  ca rry in g  i t ,  has im p o rta n t im plications fo r th e  evolution  o f th e
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p ro k ary o tes . M oreover, one m u s t no t ru le  o u t th e  sign ifican t role th a t  such 
an  ad ap tiv e-co n ferrin g  sy s tem  could p lay  in  th e  evo lu tion , e.g., p u n c tu a te d  
evo lu tion , o f eu k ary o tes  in  general, and  in  h ig h er organism s in  p a rticu la r.

A ddendum

T his p ap e r is based  on research  com pleted  in  J u ly  1977. B ecause th is  
w ork  a n tic ip a te d  su b seq u en t developm ents in  m olecular b io logy , it  was con
sidered  incom prehensib le  a t  t h a t  tim e  an d  its  p u b lica tio n  w as consequen tly  
delayed. In  th is  reg a rd  as in  o th e rs , th e re  is a s im ila rity  b e tw een  th e  w ork  of 
B. M cClintock an d  th e  p re sen t w ork. This concerns th e ir  co n ten t, th e ir  m ode 
o f sc ien tific  in v es tig a tio n  w hich  ascribes p rim acy  to  ex p e rim en ta lly  estab lished  
phenom enological facts re la tiv e  to  an y  p a r tic u la r  m ode or co n ven tion  used for 
th e ir  in te rp re p a tio n s , as w ell as th e ir  re spec tive  h isto ries lead ing  to  th e ir  ev en 
tu a l  reconc ilia tion  w ith  s ig n ifican t find ings in  M olecular B iology w hich th e y  
a n tic ip a te d  phenom enolog ically .

T he p rim acy  of an  ex p erim en ta lly  e s tab lished  phenom enological fac t 
re la tiv e  to  an y  p a r tic u la r  m ode, conven tion  or th e o re tic a l m odel used for its 
com prehension  and  in te rp re p a tio n  is m an ifested  th ro u g h o u t th e  developm ent 
of Science. I t  is s ig n ifican tly  exem plified  b y  th e  co n stan cy  an d  th u s  p rim acy  
of th e  phenom enological th e rm o d y n a m ic a l th eo rie s  o f C arn o t and  C lausius 
re la tiv e  to  th e  m odel d ep en d en t an d  th u s  lim ite d  theo ries of S ta tis tic a l T h e r
m odynam ics w hich changed  in  o rder to  accom m odate  new  phenom enological 
fac ts  th a t  led  to  Q u an tu m  M echanics and  R e la tiv ity  T h eo ry . The p rim acy  of 
phenom enology  re la tiv e  to  a chem ical descrip tio n  of n a tu re  is fu r th e r  exem pli
f ied  b y  C atalysis w hich as a m ost fu n d a m e n ta l aspect o f chem ical phenom ena 
rem ains inexplicab le  in  chem ical term s. T hese observa tions do n o t d e tra c t from  
th e  pow er an d  sign ificance o f th e  chem ical m ode of d escrip tio n  of n a tu re  an d  
of biological p h enom ena  in  p a r tic u la r . T h ey  are  p resen ted  here  to  help p u t 
m a tte rs  in  p ro p er p e rspec tive .

Acknowledgements. I  am  m o st g ra te fu l to  P ro fesso r M. St o d o l sk y  of th is  d e p a rtm e n t 
fo r v a lu ab le  d iscussion an d  fo r p ro v id in g  lab o ra to ry  facilities. T his w o rk  was su p p o rted  by  
th e  S tr itc h  School o f M edicine, L oyola  U n iversity , M ayw ood, Illino is, to  w hich ap p rec ia tio n  
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CLINICAL OCCURRENCE AND VIRULENCE 
TESTING OF COAGULASE-NEGATIVE 

STAPHYLOCOCCI*

I . B a r c s , T. V á l y i - N a g y  a n d  J .  P a n o v ic s

László Central H ospita l fo r  In fec tious D iseases,
N ational Institu te  fo r  Dermatology and Venereology, 

and D epartment o f  Urology, Sem m elw eis U niversity  
M edical School, B udapest

(R eceived M ay 5, 1988)

A to ta l  o f 650 coagulase-negative  s taphy lococca l s tra in s  o f m iscellaneous clinical orig in  
were iso lated  a n d  id en tified  du ring  a  7 -year-period . In  all k inds o f sam ples Staphylococcus 
epiderm idis w as th e  m o st freq u en tly  found  species. In  w ounds th e  incidence of haem o ly tic  
species (S . cohnii, S . epiderm idis , S . haem olyticus, S . sim u la n s , S. w a rn eri)  was 79.3% . A m ong 
stra in s  derived fro m  m ale genitals (u re th ra , sem en, e tc .)  S. epiderm idis a n d  S . sim ulans p re d o m 
in a ted . O nly 8. 2%  o f th e  stra in s  w ere found  n o t  to  h a rb o u r resis tan ce  d e te rm in an ts , w hile 
63%  proved  to  b e  m u ltip ly  re s is tan t. O nly th e  in cidence  of re sis tan ce  to  oxacillin a n d  f ir s t  
and  second g en era tio n  cephalosporins w as lowT (12.8, 14.9 and  4 .5 % , respec tive ly ). V ancom ycin  
was th e  only d ru g  effective  ag a in st all stra in s . E x tra c e llu la r  slime w as p ro d u ced  by  42 .2%  of 
th e  stra ins. T he freq u en cy  of slim e-positiv ity  am ong  iso la tes causing c lin ical infection  was tw ice  
as h igh as am ong co n tam in a tio n s. Slim e p ro d u c tio n  seem s to  be a s tab le  ch aracte ris tic  o f th e  
isolates. The com p ariso n  of two m eth o d s used  fo r d e te c tio n  of slime fa c to r  show ed th a t  in c u b a 
tion  in te s t  tu b e  in  T ry p to n e  Soya B ro th , or i ts  ap p lica tio n  to  m ic ro tite r  p la tes ev a lu a ted  by  
p h o to m e try  are  o f eq u al d iagnostic  va lue .

Acta Microbiologica Hungarica 36 (4 ), pp. 415—424 (1989)

C oagulase-negative m em bers of th e  genus Staphylococcus are b y  now  
w idely acknow ledged  to  h av e  th e  p o te n tia l to  cause h u m a n  disease u n d e r 
certa in  cond itions. I n  general, a c tu a l s ta te  o f h o st re s is tan ce  an d  v iru lence of 
th e  infectious a g e n t are th e  fac to rs  d e te rm in in g  th e  ou tcom e o f an  in fectious 
process. S taphy lococci lack ing  th e  enzym e coagulase m ay  s till p roduce c e r ta in  
v iru lence-fac to rs enab ling  th e m  to  in v ad e  h u m a n  tissues [1, 2].

C oagulase-negative staphy lococci (CNS) are  responsib le  for a s ign ifican t 
po rtio n  of in fec tio n s seen in  im m unocom prom ised  in d iv id u a ls , b u t th e y  can
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cause  disease in  th e  n o rm a l h ost as w ell [2 -5 ]. These organ ism s m ay  p la y  an  
im p o r ta n t  role in  in fec tio n s  follow ing su rg e ry  or associa ted  w ith  im p la n te d  
p ro s th e tic  devices [1, 2, 6 -9 ] .  I t  is ex trem e ly  d ifficult to  d e te rm in e  th e  clin ical 
sign ificance  of th e  reco v e ry  of CNS from  clin ical specim ens as th e y  are  in h a b i
ta n ts  o f  th e  norm al sk in  a n d  m ucous m em b ran es. The q u es tio n  as to  w h e th e r 
th e  iso la ted  s tra in  is a c o n ta m in a n t or p lay s a causative  ro le  in  th e  g iven d is
ease process, can  on ly  b e  answ ered  a f te r  th o ro u g h  analysis o f all clinical an d  
la b o ra to ry  d a ta  av a ilab le  [3, 10]. A n im p o r ta n t  piece o f in fo rm a tio n  fo r th is  
an a ly s in g  process is p ro v id e d  b y  th e  d e te rm in a tio n  o f th e  g iven  s tra in ’s slim e 
p ro d u c in g  ab ility .

M aterials and m ethods

Bacterial strains. B e tw een  1982 an d  1986, 609 CNS stra ins w ere iso la ted  in  th e  D e p a r t
m e n t o f M icrobiology o f th e  L ászló  C entra l H o sp ita l fo r In fectious D iseases, B u d ap es t, from  
m iscellaneous clinical sam ples sen t b y  th e  h o sp ita l’s w ards and  fro m  h e a r t  va lve  specim ens 
se n t b y  th e  N a tional In s t i tu te  o f Cardiology, B u d a p es t. In  1987, 41 CNS stra in s  w ere iso la ted  
fro m  m ale u re th ra , sem en, p ro s ta tic  flu id  or u rin e  o f o u tp a tien ts  in  th e  D e p a rtm e n t o f B ac te rio 
lo g y , N a tio n a l In s t i tu te  fo r D erm ato lo g y  a n d  V enereology B u d ap est. C u ltu ring  an d  id e n tif ic a 
t io n  w as perform ed by  b iochem ical te s ts  an d  nov o b io c in  sensitiv ity  [11].

Antib io tic  sensitiv ity  tests. I n  ag ar d iffusion  te s ts  [12] th e  follow ing se t o f K esis test 
(H u m a n , B u d ap est-G ö d ö llő ) d isks was used  on M ueller-H inton a g ar: penicillin , oxacillin , 
cephalo rid ine , cefam ando le , gen tam ic in , to b ra m y c in , ch loram phenicol, te tracy c lin e , e ry th ro 
m y c in , lincom ycin, co-trim oxazo le , vancom ycin , novobiocin . M acrolide-lincosam ide cross-resist
an ce  o f th e  stra in s  w as te s te d  b y  th e  m eth o d  of W eisb lum  and D em ohn  [13].

Clinical significance. Iso la tio n  in  p u re  c u ltu re  w ith  sign ifican t co u n ts  was th e  p re co n d i
t io n  fo r judg ing  a given s tra in  o f u ro g en ita l o rig in  to  rep resen t a p ro b ab le  in fection . [6]. C linical 
significance was a tt r ib u te d  to  th o se  blood c u ltu re  iso lates th a t  (i) w ere recovered  re p ea te d ly , 
(ii) w ere recovered p a ra lle l fro m  o th er sites (cereb rosp inal flu id , h e a r t  v a lves, venous c a th e te rs , 
s te rn a l p u n c ta tes), or (iii) so u rced  from  p a tie n ts  w ith  a  clinical p ic tu re  suggesting  C N S-infection  
[10, 14, 15].

Slim e test. D e tec tio n  o f slim e p ro d u c tio n  w as perform ed by  tw o  m eth o d s s im ultaneously . 
T h e  s ta n d a rd  tu b e  m eth o d  (ST) w as carried  o u t in  5 m l T ry p to n e  So y a  B ro th  (T SB , O xoid, 
L o n d o n ) a t  35 °C for 48 h. T h e  cu ltu res w ere rem o v ed , th e  tu b es w ash ed  tw ice w ith  d istilled  
w a te r  an d  sta ined  w ith  0 .2 5 %  safran in  T  (R ean a l, B udapest). A co n tin u o u s film  on th e  surface  
o f th e  glass tu b e  was co n sid ered  positive  [15, 16]. T he m icro titre  p la te  m eth o d  (SM) w as p e r
fo rm ed  by  th e  m odified p ro ced u re  of C hristensen  e t  al. [17]: o v e rn ig h t b ro th  cu ltu res  o f th e  
s tra in s  were d ilu ted  h u n d red fo ld  w ith  fresh  T SB  an d  200 fil po rtio n s w ere p laced in to  holes of 
m ic ro titre  p lates (N o n -co ated  p re -in cu b atio n  s tr ip s , O rganon T ek n ik a , B oxtel) an d  in cu b a ted  
a t  37 °C for 18 h. As n e g a tiv e  con tro l, s te rile  T S B  w as used. A fte r  w ash ing  w ith  p h o sp h a te  
b u ffe red  saline for th ree  tim e s  th e  p la tes w ere d ried , fix ed  in  m eth an o l, s ta in ed  w ith  2%  c ry sta l 
v io le t and  de tected  w ith  O rg an o n  T eknika S tr ip re a d e r  330 type  p h o to m e te r  a t  492 nm . A  th ree- 
g rad e  scale was used  to  e v a lu a te  th e  slime p ro d u c in g  ab ility  o f  s tra in s : SM — =  n eg a tiv e , 
O D 49„ <  0.060: SMw =  w eak ly  positive , O D 492 0.060 —0.200; SM +  =  stro n g lv  p o sitive , 
O D 492 >  0.200.'

R esu lts

Clinical occurrence. A to ta l  o f 650 CNS stra ins w ere  iso la ted  and  id e n 
t if ie d  in  our lab o ra to rie s  from  d ifferen t clin ical sources d u rin g  a 7 -year-period . 
In  all k inds of sam ples S . epiderm idis  occurred  th e  m ost freq u en tly  as show n
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in  T ab le  I . O f all iso la tes, 76 .4%  belonged to  h aem o ly tic  species ( S . cohnii, 
S . epiderm idis, S . haem olyticus , S . sim ulans, S . w arneri)  w hile am ong s tra in s  
recovered  from  w ounds an d  o th e r p u ru le n t laesions th e ir  ra tio  was 79 .3% . 
N ovobiocin  re s is ta n t species ( S . cohnii, S . saprophyticus, S . sciuri, S . xy losus)  
occurred  only  in  8 .3% . In  m ale genitals S . epiderm idis  a n d  S. sim ulans  p re 
d o m in a ted  (30.6%  each).

A ntib io tic  susceptib ility. The resu lts  o f an tib io tic  sen s itiv ity  te s ts  are 
d em o n stra ted  in  T ab le  I I .  O nly  8 .2%  of th e  iso lates w ere sensitive  to  all te s te d  
an tim icrob ia ls , and 63%  of th em  p roved  to  be re s is ta n t to  th re e  or m ore d rugs.

Slim e production. A lto g e th er 166 ran d o m ly  chosen  CNS stra in s w ere 
te s te d  for slim e p ro d u c tio n  w ith  th e  para lle l use o f th e  tw o  m ethods. O f th ese  
iso lates 66 w ere derived  from  blood cu ltu res, 3 each from  venous cannu las 
and  m itra l or ao rtic  va lves, 5 from  w ound  ex u d a tes , 34 from  m ale u re th ra s , 
and  55 from  m iscellaneous o th e r sites, m ain ly  from  th e  th r o a t  and  re sp ira to ry  
t r a c t  of p a tien ts .

OD values o b ta in ed  b y  th e  SM m eth o d  w ere co m p ared  to  ST te s t re su lts . 
N egative  contro l OD values w ere found  to  show  a v a r ia tio n  betw een  0.039 
an d  0.042, w hile th e  d e tec ted  h ighest OD v a lu e  w as 0.950. E x am in a tio n  of 
s tra in s  negative  w ith  th e  ST m ethod  y ielded  OD values u n d e r 0.060 in  th e  
SM te s t . H igher th a n  0.060 OD values w ere d e tec ted  in  all cases w hen  ST 
m ethod-positive  s tra in s  w ere te s te d . E x tin c tio n  w as fo u n d  to  be over 0.200 
w ith  s tra in s  stro n g ly  p o sitive  in  th e  ST te s t . In  su m m ary , th e  tw o m ethods 
seem  to  be o f equal v a lue . F irs t and  rep ea ted  ex p erim en ts  y ielded id en tica l 
re su lts , th u s  slim e p ro d u c tio n  p roved  to  be  a s tab le  ch a rac te ris tic  of th e  
s tra in s .

T able I I I  sum m arizes our re su lts  concern ing  CNS s tra in s . Of th e  te s te d  
iso la tes 42 .2%  w ere fo u n d  to  p roduce slim e m a te ria l. T h e  ra tio  of slime fa c to r  
p roducing  s tra in s  am ong b lood  iso lates o f clinical s ign ificance w as found tw ice 
as h igh  as am ong co n ta m in a n ts  (Table IV). B ecause o f th e  sm all n u m b er of 
s tu d ied  sam ples, T ab le  IV  does n o t show th e  recovery  freq u en cy  of slim e p ro d 
ucing s tra in s  from  som e sites. These w ere accord ing  to  s ite  o f recovery  as 
follow s: (i) va lve  v eg e ta tio n : 3 s tra in s  (1 SM-)-, 1 SMw, 1 SM —); (ii) w ound  
e x u d a te : 2 s tra in s  w ith  clin ical significance (1 SM-)-, 1 SMw) and  (iii) from  
c a th e te r  tip s  2 s tra in s , SM-)- b o th . O ut of th e  rem ain ing  s tra in s  in  th is  g roup , 
only th re e  w ere a t tr ib u te d  pa thogen ic  significance b ased  on  p e rtin e n t clinical 
in fo rm atio n . These w ere iso la ted  from  cerebrosp inal f lu id  of p a tien ts  w ith  
b ra in  abscess or generalized  sepsis. Two of th e m  w ere fo u n d  to  be  SM-)-, one 
SMw. In  th e  g roup  of u ro g en ita l iso lates h a lf  of th e  s tra in s  produced  slim e 
fac to r.

A lthough  th e  n u m b e r o f exam ined  s tra in s  w as n o t b ig  enough for ex ac t 
s ta tis tic a l eva lu a tio n , we m en tio n  th a t  th e  occurrence r a te  o f slim e p o sitiv ity  
seem s to  be th e  h ighest in  th e  species S. epiderm idis  an d  S . sim ulans.
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Table I

Frequency and distribution o f coagulase-negative staphylococcal

Species

N o . (% j o f  iso lates

T o ta l W ound* U rine B lo o d
I .v .

c a th e te r

S . capitis 42 (6.5) 12 (13.1) 1 (1.0) 10 (4.5) 1 (3.3)
S . cohnii 17 (2.6) 4 (4.3) 3 (3.0) 4 (1.8) —
S . epiderm idis 273 (42.0) 27 (29.3) 32 (32.7) 127 (57.0) 13 (43.4)
S . haemolyticus 76 (11.7) 23 (25.0) 13 (13.3) 16 (7.2) 2 (6.7)
S . hom in is 67 (10.3) 6 (6.5) 16 (16.3) 13 (5.8) 6 (20.0)
S . hyicus 3 (0.5) 1 (1.1) — — —
S . saprophyticus 34 (5.2) — 9 (9.2) 23 (10.3) 1 (3.3)
S . sc iuri 1 (0.2) — — — —
S . sim ulans 77 (11.8) 9 (9.8) 13 (13.3) 20 (9.0) 3 (10.0)
S . w arneri 54 (8.3) 10 (10.9) 11 (11.2) 6 (2.7) 4 (13.3)
S . xylosus 2 (0.3) — — 1 (0.4) —
U n id e n tif ied 4 (0.6) — — 3 (1.3) —

S um m arized 650 (100) 92 (100) 98 (100) 223 (100) 30 (100)

* Pus, abscesses, f is tu la , pap u la , pyoderm a, etc.
** Cerebrospinal flu id , lochia, sinus p u n c ta tes  

*** P ro sta tic  fluid, sem en, u re th ra  
+ Bone m arrow , s te rn a l p u n c ta te , ear, nasop h ary n x

D iscussion

T he d ifferen t Staphylococcus species are  th e  ind igenous m em bers o f  th e  
re s id e n t flo ra  of th e  sk in  a n d  m ucous m em branes. All species a re  considered  
to  b e  p o ten tia lly  pa th o g en ic  m icroorgan ism s, i.e. un d er c e r ta in  cond itions m ay  
cau se  h u m an  disease. T h ey  a re  responsib le  for 5 -2 5 %  o f all u r in a ry  tra c t  
in fec tio n s  [1, 2, 6, 9, 18], th e  m ost fre q u e n tly  occurring  species being S . sap- 
rophyticus  and  S. epiderm idis. As th e  Laszlo H osp ita l has no U rological care 
u n i t ,  i t  is u n d e rs tan d ab le  th a t  th e  d e tec ted  range of reco v ered  species differs 
so m ew h at from  co rrespond ing  d a ta  o f th e  lite ra tu re  [19—26].

Follow ing C hlam ydia trachomatis a n d  th e  M ycoplasm a/ U reaplasm a  group , 
CN S (first of all S. epiderm idis) are  acco u n ted  for ch ron ic  p ro s ta titis  [27]. In  
p re se n t s tu d y  S. sim ulans  w as d e tec ted  alm ost as fre q u e n tly  as S . epiderm idis. 
A lso our p re lim inary  d a ta  suggest an  im p o r ta n t role o f CNS in  th e  aetio logy  
o f  u ro g en ita l in fections. CNS w ere d e tec ted  in  16%  o f specim ens o b ta in ed  
fro m  m en w ith  chronic p ro s ta ti t is , w hile m ycoplasm as w ere iso la ted  in  21% , 
Streptococcus faecalis  in  18% , b e ta -h aem o ly tic  strep tococci in  6 % , G ram -nega
t iv e  bacilli in  19% , an d  C. trachomatis on ly  in  5%  [28].
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species isolated fro m  clinical specimens

N °. (%) o f iso la tes

Species
H e a r t  v a lv e

S te rile
flu id s* * Eye

M ale
g en ita ls*** O th e r +

S. capitis 4 (13.8) 2 (8.7) 2 (5.6) 1 (2.8) 9 (10.8)
S. cohnii — 1 (4.3) 1 (2.7) — 4 (4.8)
S . epiderm idis 14 (48.3) 6 (26.1) 20 (55.6) 11 (30.6) 23 (27.7)
S. haemolyticus 1 (3.4) 3 (13.1) 3 (8.3) 5 (13.8) 10 (12.1)
S. hom inis 6 (20.7) 2 (8.7) 4 (11.1) 3 (8.3) 11 (13.3)
S. hyicus — — — — 2 (2.4)
S. saprophyticus — — — 1 (2.8) —
S. sciuri — — — — 1 (1.2)
S . sim ulons 2 (6.9) 5 (21.7) 2 (5.6) 11 (30.6) 12 (14.5)
S . ivarneri 2 (6.9) 4 (17.4) 4 (11.1) 4 (11.1) 9 (10.8)
S. xylosus — — — — l (1.2)
U niden tified — — — — 1 (1.2)

Sum m arized 29 (100) 23 (100) 36 (100) 36 (100) 83 (100)

CNS cause 2 -4 %  of w ound in fec tio n s and th e  r a te  o f th e ir  incidence is 
increasing  [1, 2, 9, 18]. R ecovery  ra te  o f  th e  d ifferent species in  ou r s tu d y  was 
co n g ru en t w ith  o ther a u th o rs ’ d a ta  119-26].

CNS p lay  often a role in  nosocom ial in fections, in  p a r tic u la r  in  th o se  re 
la te d  to  foreign  bodies. T hey  are  resp o n sib le  for th e  m a jo r ity  o f in fec ted  cere 
b ro sp in a l sh u n ts  and in trav en o u s  c a th e te rs  [2, 3, 6, 7, 18, 29] an d  are also th e  
m ost fre q u e n t causes of p ro s th e tic  v a lv e  endocard itis [18, 29].

T he m ost serious CNS in fec tio n  is sep ticaem ia. The aetio log ica l ev a lu a tio n  
of blood  cu ltu res  is ex trem ely  d ifficu lt: 8 0 -9 0 %  of th e  iso la tes  are  in  no re la tio n  
to  th e  disease process as th e ir  p resence  is due to  tra n s ie n t  b a c te raem ia  or 
co n ta m in a tio n  [10, 14, 29-32]. Also in  ou r p re lim in ary  s tu d y  th e  m a jo rity  of 
s tra in s  fro m  blood cu ltu res w as assum ed  to  be c o n tam in an ts , th e y  hav in g  been 
iso la ted  also from  o th e r sam ples (s te rn a l p u n c ta te , in tra v e n o u s  c a th e te r  t ip , 
h e a r t valve) or from  su b seq u en t b lood  cu ltu res  only in  8 .8 %  [30, 31].

D e tec tio n  of ex trace llu la r slim e m a te r ia l provides im p o r ta n t  in fo rm atio n  
on th e  iso la tes and  helps th e  clinical in te rp re ta tio n  of re su lts . Slim e p roducing  
a b ility  is an  im p o rta n t fac to r  o f v iru len ce : it m akes possib le adherence  to  
h y d ro p h o b ic  surfaces, th u s  th e  co lon iza tion  of p ro sth e tic  devices [7, 8, 15]. 
F u rth e rm o re  slime p ro tec ts  b a c te ria  a g a in s t a n tib ac te ria l ag en ts  an d  ag a in st 
b o th  specific and  aspecific fac to rs of defence of th e  host [8, 15, 33—35].

D e tec tio n  of th e  slim e fac to r is sim p le  in  a liqu id  m ed iu m  based  on casein 
h y d ro ly z a te  th a t  con ta ins th e  necessary  precursors o f slim e m a te ria l in  high
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Table II

Susceptibility o f  coagulase-negative staphylococcal isolates to 13 antibacteria i agents

P e r  ce n t o f  r e s is ta n t  s tra in s  to

Species N o.
P O X CD MA GM TM С Т Е Е LM -c LM -i S X T VA

S . capitis 42 67.5 7.5 5.2 2.6 2.5 2.8 20.0 55.0 33.3 14.2 12.5 26.3 _
S . cohnii 13 76.9 7.6 7.6 — 15.3 15.3 46.1 61.5 53.8 30.7 — — —

S. epiderm idis 224 92.8 8.4 12.3 2.8 24.1 27.0 35.9 80.3 50.8 20.5 25.7 46.7 —

S. haemolyticus 64 82.8 15.6 16.3 10.3 18.7 20.7 26.9 59.3 33.3 21.8 4.6 23.4 —
S. hom inis 52 90.3 13.4 9.6 6.3 21.1 24.0 32.6 76.9 46.1 21.1 17.3 56.7 —

S. hyicus 3 3/3* i/3 1/3 — 0/3 0/2 1/3 1/3 0/3 0/3 — 0/3 0/3
S. saprophyticus 29 93.1 6.8 3.8 3.5 20.6 28.5 34.4 93.1 31.0 20.6 6.8 39.2 —
S. sciuri 1 l / 1 0/1 o/i — 0/1 — 0/1 1/1 1/1 1/1 1/1 0/1 0/1
S. sim ulans 71 98.5 28.1 35.0 8.5 40.0 34.6 58.3 86.4 72.8 41.4 27.1 40.0 —

S. warneri 42 65.0 15.0 20.5 5.0 32.5 28.0 47.5 70.0 38.0 23.8 10.5 28.9 —
S . xylosus 2 2/2 0/2 0/2 0/2 1/2 1/1 0/2 2/2 0/2 0/2 — 1/2 0/2
U niden tified 4 2/4 1/4 1/4 1/4 0/4 0/4 2/4 1/4 2/4 1/4 — 1/4 0/4

Sum m arized 547 87.6 12.8 14.9 4.5 23.3 24.3 36.8 75.1 47.5 23.4 17.7 39.5 —

Abbreviation: P  penicillin G; O X  =  oxacillin; CD - cephalorid ine; MA = cefam andole; GM — gentam icin ; TM =  tob ram ycin ;
C chloram phenicol; Т Е  = te tracycline ; E  =  e ry th ro m y cin ; LM-c =  lincom ycin (constitu tive); LM-i =  lincom ycin
(inducible); SX T  =  co-trim oxazole; VA =  vancom ycin  

* No. of re sis tan t stra ins/a ll tes ted  stra ins
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T able  I I I

Slime production o f  clinical isolates o f  coagulase negative staphylococcal strains

Species

N o. (% ) o f  iso la te s

No.
Clinical

sign ificance
S T +

S lim e positive  

S M + SMw

S . capitis 4 l 1 _ __
S . epidermidis 63 39 36 15 21
S. haemolyticus 26 11 6 2 4
S. hominis 27 2 7 2 5
S . saprophyticus 3 1 1 — 1
S. simulons 29 18 15 4 i l
S . warneri 14 8 4 3 1

Sum m arized 166 (100) 80 (48.2) 70 (42.2) 26 (15.7) 44 (26.5)

Abbreviations : ST-f- slime producer b y  tu b e  te s t; SM -f stro n g  slime positive; SM w w eak 
slime positive  by m ic ro tite r p la te  m ethod

Table IV

Occurrence o f  slime producer strains in clinical sam ples

N ° . (% ) o f iso lates

P o ssib le  clinical 
significance

S lim e po sitiv e

+  —

Blood 66 31 (46.9)
39 23 (58.9)

27 8 (29.6)
Male genitals 34 16 (47.1)

30 14 (46.6)
4 2 (50.0)

O ther 66 23 (34.8)
11 10 (90.9)

55 13 (23.6)

Sum m arized 166 80 86 70 (42.2)

Sour«

co n cen tra tio n s  [8, 16, 32]. A pplica tion  o f  p h o to m e try  m ak es th e  te s t  q u a n t i 
ta tiv e . A d ap tin g  th e  m e th o d  of C hristensen  et al. [17] w e found  th e  tw o  te s ts  
to  be o f  equal value. N e ith e r  m ethods g av e  false p o sitiv e  or negative re su lts  
in  our h an d s. As th e  m ore labour- and  energy-consum ing  q u a n tita tiv e  te s t  tak es  
th e  sam e 48 h to  c a rry  o u t, we recom m end  th e  tu b e  te s t  fo r ro u tin e  use.

S lim e fac to r p o s itiv ity  was found  to  be tw o tim es m o re  frequen t am ong  
b lood-derived  CNS s tra in s  w ith  clinical significance th a n  am ong  c o n tam in an ts .
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C h ris ten sen  et al. [14, 16] found  63%  slim e p o s itiv ity  am ong s tra in s  derived 
from  p a tie n ts  w ith  sy m p to m a tic  infection , w hile  35%  of b lood  cu ltu re  c o n ta 
m in a n ts  an d  38%  o f sk in  iso lates proved  to  be  slim e p roducer. More recen t 
re su lts  o f  th e  sam e te a m  show  th a t  am ong sk in  isolates a n d  co n tam in an ts  
th e  ra t io  of slime n e g a tiv i ty  is 50%  (w eak a n d  s trong  p o s itiv ity  is ap p ro x i
m a te ly  25 %  each). T he s tra in s  iso lated  from  c a th e te r-d e p e n d e n t p a tie n ts  or from  
in fec ted  cerebrosp inal sh u n ts  show strong  slim e p o sitiv ity  a ro u n d  60% , while 
in  b a c te ra em ia  w eak ly  p o sitiv e  stra ins p re d o m in a te d  [17]. D a v e n p o rt et al.
[15] fo u n d  70-80%  slim e fa c to r  p o sitiv ity  am ong  stra in s of c lin ica l significance 
w hile , depending  on th e  k in d  of sam ples, am o n g  c o n tam in an ts  15-60%  posi
t iv i ty  w as detec ted . T h e  m ost explicit d ifference was fo u n d  w ith  stra ins in  
co n n ec tio n  w ith  in fec ted  foreign  bodies. S lim e p o sitiv ity  w as fo u r tim es m ore 
f re q u e n t am ong s tra in s  w ith  a ttr ib u te d  clin ical significance th a n  am ong con
ta m in a n ts .  In a c c u ra te  ju d g e m e n t of c e r ta in  s tra in s ’ clinical im p o rtan ce  seems 
to  be  th e  m ost likely  ex p la n a tio n  of our so m ew h at differing find ings.

S lim e p ro d u c tio n  m a y  also p lay  a  ro le in  th e  d ev e lopm en t of infectious 
en d o ca rd itis  [36]. A m ong  th e  th ree  CNS s tra in s  we iso lated  fro m  h eart valves 
one S . epiderm idis w as slim e negative, one S . hom inis w eak ly  and  an o th e r 
s tro n g ly  positive.

T h e  occurrence o f  slim e po sitiv ity  m ay  also v a ry  in th e  d iffe ren t species. 
A ccord ing  to  C hristensen  e t al. [14, 17] th is  m ark e r is m ost fre q u e n tly  p resen t 
am o n g  s tra in s  of S . cap itis, S . epiderm idis, S . hom inis, S . saprophyticus. O n 
th e  o th e r  hand  93%  o f th e  95 S. aureus iso la tes  th e y  te s ted  w as slim e negative. 
O ur re su lts  are in  good congruency  w ith  th e ir  d a ta  [37].

In  com parison  w ith  re lev an t d a ta  in  th e  lite ra tu re , CNS stra in s iso la ted  
in  o u r lab o ra to ries  p ro v e d  to  be above th e  average  resistance  to  an tim icrob ial 
ag en ts  [20—23, 25, 26, 38]. Inducib le  re s is ta n c e  to  lincosam ides, resistance to  
oxac illin  and  second g en era tio n  of cephalospo rin s (cefam andole) w ere th e  on ly  
m a rk e rs  found so m ew h at less freq u en tly  th a n  excep ted . R e la tiv e  to  our p rev ious 
s tu d ie s  [30, 31], iso la te s  re s is tan t to  f irs t  gen era tio n  cephalosporins (cephalo- 
r id in e ) , am inoglycosides and  co-trim oxazole  w ere found  w ith  an increased  
freq u en cy . In  our s tu d y  cefam andole an d  v ancom ycin  p ro v e d  to  be th e  m ost 
e ffec tive  am ong th e  te s te d  agents.

O nly 8 .2%  o f th e  s tu d ied  stra in s w ere fo u n d  to  he su scep tib le  to  all a n t i 
b io tic s  te s ted . T he fo u n d  frequency  is con sid erab ly  low er th a n  th e  14%  ra te  
show n  by  M arples a n d  R ichardson  [22] an d  th e  33%  re p o r te d  by  R run et al. 
[21]. On th e  o th e r h a n d  th e  ra tio  of m u ltip le  re s is ta n t s tra in s  in  our s tu d y  (63% ) 
was sim ilar to  th e  co rrespond ing  find ings o f A katov  et al. [20] and M arples 
a n d  R ichardson  [22].

W e could n o t d e te c t any  co rre la tio n  hetwreen slim e p o s itiv ity  and c a r 
r iag e  of resistance d e te rm in a n ts . This is in  p a r tia l  c o n tra d ic tio n  to  th e  re su lts  
o f C hristensen  e t al. [14] w’ho d e tec ted  gen tam ic in  re s is tan ce  in  70%  o f th e
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slim e positive an d  in  30%  o f th e  slime n eg a tiv e  iso la te s . W e found th e  o c c u r
rence  ra te  of g en tam ic in  resistance  in  th e  tw o  g roups on ly  in sign ifican tly  d if
fe ren t.
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ANTIMICROBIAL AND IMMUNOMODULATING 
EFFECTS OF SOME PHENOLIC GLYCOSIDES

J .  M o l n á r , G y ö n g y i  G u n i c s , I l o n a  M u c s i ,

M .  K o l t a i , I l d i k ó  P e t r i , Y u k i h i r o  S h o y a m a , M a s a m i  

M a t s u m o t o  a n d  I t s u o  N i s h i o k a

I n s t i t u t e  o f  M i c r o b i o l o g y , U n i v e r s i t y  M e d i c a l  S c h o o l , I n s t i t u t e  o f  P h a r m a c o l o g y , U n i v e r s i t y  
M e d i c a l  S c h o o l , B l o o d  T r a n s f u s i o n  C e n t r e , U n i v e r s i t y  M e d i c a l  S c h o o l , S z e g e d , H u n g a r y , 
a n d  I n s t i t u t e  o f  P h a r m a c o g n o s y , F a c u l t y  o f  P h a r m a c e u t i c a l  S c i e n c e s , K y u s h u  U n i v e r s i t y , 

M a i d a s h i , H i g a s h i - k u , F u k u o k a  8 1 2 , J a p a n

(R eceived  Ju n e  27, 1988)

Several p h eno lic  glycosides, i.e. ac teoside , desrham nosy l acteoside, and  p u rp u rea s id e  A, 
В a n d  C, exerted  w e ak  an tib ac teria l effects on E s c h e r i c h i a  c o l i .  A cteoside had  a n tip la sm id  ef
fects, includ ing  F ’lac  p lasm id  e lim ination , a n d  in h ib ited  k an am y cin  resistance  tra n s fe r  in  E .  
c o l i .  A cteoside, d esrh am n o sy l acteoside a n d  p u rp u reasid e  A d isp layed  an tiv ira l e ffec t on 
A u jeszk y  v irus. A ll o f th e  phenolic glycosides decreased  som e h u m an  leucocyte  fu n c tio n s , 
in c lu d in g  ro se tte  fo rm a tio n , m itogen-induced  b la s t  tran sfo rm a tio n  an d  phagocytic  a c t iv i ty  in  
v itro . T he p u rp u rea s id e  C had  sign ifican t p ro in flam m ato ry  action , how ever, o th e r p h en o lic  
g lycosides show ed n e ith e r  p ro in flam m ato ry  no r an tiin fla m m a to ry  effect on carrag een in -in - 
d u ced  in flam m atio n  in  vivo.

V arious d e riv a tiv e s  of caffeic acid an d  s tru c tu ra lly  re la ted  p heno lic  
glycosides occur w idely  in p lan ts  [1]. Som e of th e se  com pounds are p a r t  o f  th e  
n a tu ra l  defence m echanism s of p la n ts  aga in st in fectious diseases [2, 3] a n d  
th e se  com pounds in h ib it  th e  m u ltip lica tio n  of p la n t and  h u m an  p a th o g en ic  
b a c te r ia  [4], an d  v iru ses in v itro  [5 -8 ]. P henolic  glycosides as stress co m pounds 
h av e  im p o r ta n t ro le  in  th e  n a tu ra l h o st defence m echanism  o f p lan ts . T h ere fo re  
i t  w as w orth -w hile  to  s tu d y  th e ir  an tim ic ro b ia l effect an d  im m une m o d u la tin g  
effects in  v itro . T h e  effect of new ly iso la ted  phenolic glycosides was te s te d  on 
sev era l in fectious ag en ts  like b ac te ria , v iruses, p lasm ids and  on several leu co 
cy te  functions.
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F o r th is  purpose we have already  se t u p  th e  p re p a ra tio n  of phenolic 
glycosides using a cell c u ltu re  [9] besides th e  clonal m ic rop ropaga tion  system  
of v a rio u s  m edicinal p la n ts  [10-14]. In  th is  p a p e r , we re p o rt on th e  an tim ic ro 
b ia l (an tib a c te ria l, a n tip la sm id  and  an tiv ira l)  an d  leucocyte  fu n c tio n  m o d u 
la tin g  (ro se tte  fo rm atio n , b la s t  tra n sfo rm a tio n , ADCC an d  phagocytosis) effects 
o f som e phenolic glycosides, i.e. acteoside, desrh am n o sy l acteoside, an d  pur- 
p u reas id e  A, В and  C.

M aterials and m eth od s

C ompounds. A cteoside , desrham nosyl ac teo sid e , pu rpu reasid e  A, p u rp u reasid e  В an d  
p u rp u rea s id e  C produced  b y  cell cu ltures of R eh m a n n ia  glutinosa  and  D igitalis purpurea  cells 
w ere iso la te d  by  Shoyam a e t a l. [4, 9]. The chem ical s tru c tu re s  of th e  com pounds are  show n in  
F ig . 1.

Bacterial strains. E scherichia coli K12 L E  140 F T ac  an d  E . coli K 12/R 144 drd-3 w ere 
k in d ly  p ro v id ed  b y  I. B . H o llan d  (D ep artm en t o f G enetics , U n iv ersity  o f L eicester). E . coli 
K 12, ( la c - , F - ) sodium  azide re s is tan t, were app lied .

The antibacterial effect w as exam ined in  tu b e  d ilu tio n  te s t  as p rev iously  described [10].
E lim in a tio n  o f  the F ”lac p la sm id  was carried  o u t  as described earlier [15].
In h ib itio n  o f R -p la sm id  transfer. E . coli K 12 R  144 kan am y cin  re s is tan t s tra in  w as used  

as d o n o r, an d  E . coli K 12 W 1 sodium  azide re s is ta n t s tra in  w as used  as recip ien t [16].
Erythrocyte rosette fo rm a tio n  assay. The n u m b e r o f rose tte -fo rm ing  T-cells was de te rm in ed  

b y  th e  e ry th ro c y te  ro se tte  fo rm atio n  assay [17] a n d  th e  n u m b er of F c-bearing  ly m p h o cy tes 
w as e s tim a te d  in  th e  E A -ro se tte  te s t  [18].

B last transform ation o f  T-lymphocytes in  re la tio n  to  th e  cap ac ity  o f cellu lar im m u n e  
response . M ononuclear cells w ere  separa ted  on F ico ll-U rom iro  g rad ien t, and  2 X 105 cells were 
t r e a te d  w ith  th e  acteoside  a n d  purpureaside  d e r iv a tiv e s  a t  1-5 /tg/inl and  cocu ltu red  in  th e  
p resence  of 10 p g /m l  P H A  a n d  5 fig /m l Con A a n d  P W M  fo r 72 h  in  R P M I m edium . Cells were 
c u ltiv a te d  in  G reiner m ic ro titre  p lates. The tra n s fo rm a tio n  ra te  was estim a ted  a fte r  th e  a d d i
tio n  o f 0.5 f i d  3H -th y m id in e  to  th e  sam ples, w h ich  w ere in cu b a ted  fo r 5 h. R esu lts  w ere ex
p ressed  in  cpm  as th e  ra d io a c tiv ity  in co rp o ra ted  b y  th e  m itogen s tim u la ted  cells m inus th e  
ra d io a c tiv ity  of th e  co n tro l cells (w ithout m itogens).

A D C C  ( antibody-dependent cytotoxicity) assay. О R h-positive  h u m an  red  blood cells 
w ere u se d  as ta rg e t, a n d  a m onocyte-free  m o n o n u clear cell suspension was tre a te d  w ith  p h en o 
lic g lycosides as e ffector in  1 : 10 ra tio . The re a c tio n  w as m ed ia ted  b y  red  blood cell specific 
a n ti-D  a n tib o d y  in  G reiner m ic ro titre  plates. T h e  re su lts  w ere expressed in  te rm s of th e  a m o u n t 
of 51Cr re leased  during  th e  ly sis of th e  ta rg e t [19].

A ssa y  fo r  phagocytotic activity o f  neutrophilic granulocytes. T he g ranu locy tes ob ta in ed  
w ere a c tiv a te d  w ith  125ï-la b e lled  zym osan [20] in  th e  presence of th e  te s te d  com pounds in  
c o n cen tra tio n s  of 0.5 to  5.0 fig /m l. The phago cy to sis  in d ex  was calcu la ted  as th e  q u o tie n t of 
zy m o san -ac tiv a ted  sam ple  cp m  and  basic a c tiv ity  cp m  [21]. All im m unological assays w ere 
p e rfo rm ed  in  th ree  in d e p e n d e n t experim ents w ith  cells from  th ree  d ifferen t h e a lth y  persons.

A ssa y  o f antivira l activity. A pseudorabies v iru s  (A ujeszky) w as p ro p a g a ted  in  p rim a ry  
ch ick  em b ry o fib ro b last (C E F ) cells. The in fe c tiv ity  o f th e  v iru s was e stim a ted  b y  th e  p laq u e  
m e th o d  on C E F [22]. T he v iru s  t itre  was expressed  as log 10 p .f.u . (0.1) ml. T he virostatic effect 
o f th e  com pounds on th e  m u ltip lica tio n  of p seu d o rab ie s  v irus was in v estig a ted  in  secondary  
C E F  cells by  th e  y ield  re d u c tio n  tes t in E ag le ’s b a sa l m edium  [23]. F o r th e  virucidal effects 
o f co m pounds equal v o lu m es of drug solutions a n d  th e  v irus suspension hav ing  a  t i t r e  of 105-94 
p .f.u ./0 .1  m l were m ixed . T h e  m ix tu re  was in c u b a te d  a t  room  tem p e ra tu re  for 24 h  an d  a fte r 
t h a t  th e  in fec tiv ity  o f th e  m ix tu res  was m easu red  b y  th e  p laque  m ethod . F o r cytotoxicity  o f 
co m pounds, th e  seco n d ary  C E F  cells were c u ltu re d  in  th e  presence of th e  com pounds a t  d if
fe re n t con cen tra tio n s a t  37 °C for 24 h. The cells w ere exam ined u n d e r lig h t m icroscope and  
co m p ared  w ith  th e  u n tr e a te d  cells.

A ssay  fo r  an tiin fla m m a to ry  effect. E igh t-w eek -o ld  ran d om ly-b red  fem ale C FL P  mice 
w eighing 3Ö.6 +  1.46 g, fed  com m ercial food p e lle ts  an d  ta p  w a ter ad  lib itu m , were used  to  
d e te c t  th e  effects o f th e  com pounds on th e  a c u te  in fla m m a to ry  response induced  in  th e  left 
fo o tp a d  b y  300 pg  c a rrag een in  [24] (Viscarin 402, M arine Colloids, Inc .) dissolved in  0.03 m l 
iso to n ic  saline.
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1. R1=H, R2=H: desrham nosyl  a c t e o s id e

2, R1 = rha, R2=H: acteos ide  

3-R^glc ,  R2 = H: p u rpureas ide  A 

A.R^glc, R2=rha:  p u rp u rea s id e  В 

5.Ri = r h a ,R 2= g a l :p u rp u re a s id e  C 

( rh a= rh am n o sy l ,  g lc=glucosyl,gal=galactosyl )

Fig. 1. Chemical s tru c tu re s  of phenolic  g lycosides

R esu lts am i d iscussion

Several p heno lic  glycosides, as stress com ponen ts, m a y  p rev en t th e  in fec 
tio n s of various p la n ts , due to  th e ir  a n tib a c te ria l effects [5, 25]. The a n tib a c te 
ria l effects o f ac teoside , desrham nosy l acteoside an d  p u rp u reas id e  A, В a n d  C 
w ere s tud ied  w h en  a few th o u san d  te s t  b a c te ria  w ere c u ltiv a te d  in  th e  p resence  
o f th e  com pounds a t  various co n cen tra tio n s, th e  E . coli K 12 L E  140 la b o ra to ry  
s tra in  was show n to  he sensitive to  th e  g row th  in h ib ito ry  effect o f th e  co m 
p o und  (Table I) . Phenolic glycosides exerted  th e  sam e an tib ac te ria l effects 
desp ite  th e y  h a v e  d ifferen t sugar m oieties on th e  m idd le  r in g  of th e  tricy c lic  
skeleton.

In  order to  acq u ire  in fo rm atio n  on th e  a n tip la sm id  effects of th e  pheno lic  
glycosides u p o n  p lasm id  rep lica tion , E . coli F ’lac cu ltu re s  w ere grow n in  th e  
presence of th e  ac teoside  and p u rp u reas id e  deriva tives a n d  te s te d  on EM B  d if
fe ren tia l m edia. T h e  presence of th is  p lasm id  was easy  to  te s t ,  because i t  codes 
th e  lactose fe rm e n ta tio n  ab ility  o f  chrom osom ally  lac to se -n eg a tiv e  b a c te r ia . 
A cteoside h ad  an  an tip lasm id  effect, w hile its  d esrh am n o sy l d eriv a tiv e  an d  
th e  pu rpu reasides w ere ineffective (T able I). In  ad d itio n , acteoside t re a tm e n t 
o f p la sm id -h a rb o u rin g  b ac te ria  leads to  som e in h ib itio n  o f  con jugational p la s 
m id  tran sfe r fro m  th e  donor to  th e  rec ip ien t b ac te ria . A t th e  sam e tim e , th e  
m a tin g  pair t r e a tm e n t  did no t in h ib it th e  p lasm id  tra n s fe r . I t  is possible th a t  
th e  lipophilic su g a r (rham nosyl) m o ie ty  m akes th e  m olecule  able to  b in d  to  
b ac te ria l pili an d  th e  in h ib ition  of th e  conjugal tra n sfe r  o f th e  b ac te ria l p la sm id  
is p ro b ab ly  due to  th e  in ac tiv a tio n  o f th e  pili (Table I I ) .  P u rp u re a s id e  A, w ith  
a  glucosyl m o ie ty  in s te a d  of rh am n o sy l, was ineffec tive, because g lucosyl 
su b s titu tio n  m akes th e  m olecule m ore h y d rophob ic  th a n  in  th e  case of acteoside. 
D esrham nosyl ac teoside  was also ineffec tive. P u rp u reas id e  В and C ex e rted  
w eak in h ib ito ry  effec ts on th e  co n ju g a tio n  process (T able I I ) .  As a consequence
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T able  I

E l i m i n a t i o n  o f  F ’la c  p l a s m i d  a n d  a n t i b a c t e r i a l  e f f e c t  o f  
p h e n o l i c  g l y c o s i d e s  o n  E .  c o l i

C om pounds c o n c e n tra tio n  
/ ig /m l

F ’ lac  p la sm id  
e lim in a tio n

%

A n tib ac te ria l e ffec t 
N o. o f  viab le cells E . coli 

Le 140 X 10“

D esrham nosylacteosidi: 2.6
100 0 2.1
200 0.1 2.0
400 0.1 0.6

1000 0 MIC
1800 —

Purpureaside  A
100 0 1.2
200 0 0.7
400 0 0.5

1000 0.25 0.3
1800 — MIC

Purpureaside  В
100 0 0.8
200 0 0.62
400 0 0.5

1000 0.3 0.4
1600 — MIC

P u rpureaside  C
100 0.1 1.8
200 0.0 1.5
400 0.0 1.0

1000 0.3 0.2
1500 — MIC

Acteoside
100 0 2.0
200 4.2 2.0
400 2.3 1.6

1000 0 0.5
2000 — MIC

Control 0 3.2

o f in a c tiv a tio n  of th e  b a c te r ia l pili, th e  m a tin g  pair fo rm a tio n  is in h ib ited , 
w hich  is essential fo r b a c te r ia l co n ju g a tio n .

B ecause of th e  d ire c t an tim icrob ia l effect of com pounds i t  was w o rth 
w hile to  s tu d y  how  th e  phenolic glycosides can m odify  th e  im m une  response 
of leucocytes, w hich  rep re sen ts  th e  f ir s t  line of defence m echan ism  of th e  
in fec ted  host. T he effec ts o f these co m pounds were te s te d  on  th e  cell surface 
p ro p ertie s  E and  E A  ro s e tte  fo rm ation  o f  leucocytes, th e  re sponse  capacities of 
leucocytes in  b la s t tra n sfo rm a tio n , th e  ADCC a c tiv ity  o f  th e  m ononuclear 
cells an d  th e  p h ag o cy tic  a c tiv ity  of h u m a n  granu locy tes in  th e  presence of th e  
com pounds in  v itro .
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T a b le  I I

E f f e c t s  o f  s o m e  p h e n o l i c  g l y c o s i d e  c o m p o u n d s  o n  R 1 4 4  p l a s m i d  t r a n s f e r  b y  p r e t r e a t m e n t  o f  t h e  d o n o r  
s t r a i n  p r i o r  to  m a t i n g  a n d  b y  t r e a t m e n t  o f  p r e f o r m e d  m a t i n g  p a i r s

Com pounds T rea tm en t
N o. o f

tra n sc o n ju g a n ts
X lO 1

N o . o f  
d o n o rs  X 10®

N o. o f
recip ients x  10e

D esrham nosyl-
acteoside

don 1Г-
p re trea tm en t 0.48 100 90
p a ir trea tm en t 0.67 120 98

Purpureaside  A donor-
p re trea tm en t 0.41 110 80
p a ir  trea tm en t 0.70 113 102

Purpureaside В donor-
p re trea tm en t 0.39 160 105
p a ir trea tm en t 0.65 138 102

Purpureaside  C donor-
p re trea tm en t 0.37 130 90
pair trea tm en t 0.65 138 95

Acteoside donor-
p re trea tm en t 0.26 110 106
p a ir trea tm en t 0.73 117 95

Control 0.78 140 103

D onor E .  c o l i  R144 an d  th e  recipient E .  c o l i  W1 azir were g row n  in  MTY b ro th  fo r 8 h  
th en  cultures were d ilu ted  1 : 10 in MTY b ro th . T he d ilu ted  donor cu ltu re  was d is tr ib u ted  in to
0.5 m l aliquots th en  te s te d  com pounds were given to  donor cells o r in  som e experim ents 0.5 m l 
o f recip ien t cell cu ltu re  w as added  to th e  donor cells to  allow m a tin g  p a ir form ation a t  37° C 
for 5 m inutes th en  th e  com pounds were given. E a c h  of phenolic glycosides was added to  th e  
sam ples a t  200 (og/m l fin a l concentra tion . The sam ples were in cu b a ted  a t  37 °C for 120 m in  
w ith  th e  com pounds th en  d ilu tions were p la ted  in to  selective m edia. T h e  plates were in cu b a ted  
a t  37 °C and th e  nu m b er o f  colony form ers was co un ted  afte r 48 h.

In  th e  in  v itro  im m unological te s ts , only  acteoside  an d  p u rp u reasid e  C 
a ffec ted  th e  T-cell m em b ran e  s tru c tu re , p u rp u reasid e  C in h ib ited  th e  E - a n d  
acteoside  in h ib ited  th e  E A -rose tte  fo rm atio n . A cteoside, desrham nosyl a c 
teoside , and  p u rp u reas id e  A and  В low ered  th e  p h ag o cy tic  ac tiv ity  of h u m a n  
neu tro p h ilic  g ran u lo cy tes , while none o f th e  com pounds affected  th e  ADCC 
(an tib o d y -d ep en d en t cy to to x ic ity )  o f ly m p h o cy tes . All o f  th e  phenolic g lyco 
sides te s te d  decreased th e  m itogen  induced  response  c a p a c ity  o fT  an d B -ly m p h o - 
cy tes in  b la s t tra n s fo rm a tio n  experim en ts (Table I I I ) .  O u r experim ents d e m 
o n s tra te d  th a t  pheno lic  glycosides te s te d  decreased th e  ac tiv ities of h u m a n  
leucocytes in  v itro  an d  in  ad d itio n  all o f th e  com pounds h a d  a w eak a n tiin f la m 
m a to ry  effect in  v ivo . I t  is n o t easy to  d iffe ren tia te  th e  chem ical s tru c tu re -  
d ep en d en t effects o f th e  com pounds on th e  various im m unofunctions o f  th e  
leucocy tes, since th e  recep to rs , if  any , an d  biochem ical processes differ g re a tly  
as concerns th e  ty p e  o f  cellu lar responses m easu red  u n d e r  special cond itions.
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T able  I I I

T h e  c a p a c i t y  o f  c e l l u l a r  i m m u n e  r e s p o n s e  o f  h u m a n  l e u c o c y t e s  i n  th e  p r e s e n c e  o f  p h e n o l i c  g l y c o s i d e s

C o m pounds

R o se tte  
fo rm a tio n , 
E  (T  cells)

E A
(FC bearing)

B las t t ra n s fo rm a t io n  
o f ly m p h o c y te s  

cp m /1 0 6 cells

ADCC
a n tib o d y

dependen t
c y to to x ic ity

P hag o cy tic  index  
J 125 labe lled  zym osan  

phagocy tosis  b y  
n e u tro p h y lic  g ran u lo cy te s

% % P H A Con A PW M %

D esrham nosyl-
acteoside 64 44 10483 11302 24165 64 4.13

P u rp u reas id e  A 70 44 12143 18600 26410 63 4.37
P u rp u reas id e  В 70 48 17146 20130 26160 64 4.35
P u rp u reas id e  C 26 46 12180 26130 27159 65 8.54
A cetoside 53 27 15250 17435 24842 73 6.74

C ontrol 70 46 17253 19822 32159 62 8.59

E a c h  te s t  was m ade w ith  3 d ifferent cell lines w here the com pounds were applied in  
5 /tg /m l fin a l concentra tion

P H A  — acts on T- an d  B -lym phocytes 
con A — acts on T  lym phocy tes 
PW M  — acts m ain ly  on В  lym phocytes

B efore th e  a n tiv ira l s tu d y , th e  c y to to x ic ity  of th e  pheno lic  glucosides 
w as ex am in ed  on C E F  cells b y  lig h t m icroscope. No visible m orpho log ical d if
fe ren ce  w as observed  b e tw een  tre a te d  a n d  u n tre a te d  cells. T h e  m inim al to x ic  
dose o f  C E F  cells for ac teoside , d esrh am n o sy l acteoside, a n d  p u rp u reas id e  A 
a n d  В w as found  to  he 500 /ig/m l, b u t p u rp u reas id e  C w as n o t tox ic  a t th is  
c o n c e n tra tio n . A t f irs t  th e  m u ltip lica tio n  o f  v iru s  on tissu e  c u ltu re  was d e te r 
m in ed  in  th e  presence o f com pounds th e n  th e  d irect v iruc ida l effect was te s te d .

T h e  v iro s ta tic  effects o f th e  co m pounds are p resen ted  in  T able IV . I t  
can  he  seen th a t  ac teoside , desrham nosy l acteoside and  p u rp u reas id e  A h av e  
o n ly  a sligh t in h ib ito ry  effect on th e  m u ltip lica tio n  of p seudorab ies v iru s. 
T hese  com pounds a t a co n cen tra tio n  o f 100 /rg/ml reduced  th e  v irus y ield  b y  
0 .4 -0 .5  log.

L eaf phenols w ith  s im ila r chem ical s tru c tu re s  have b e e n  show n to  h av e  
m o d e ra te  an tiv ira l effects on p o ta to  v iru s  X  [6] and H erpesvirus hom inis  [8]. 
I n  th e  case of p u rp u reas id e  В and  C, th e  tw o  sugar m oieties m odify  th e  co n fo r
m a tio n  of th e  m olecules a n d  abolish th e  a n tiv ira l effect on pseudorab ies v iru s .

T he in a c tiv a tin g  effects on th e  in fe c tiv ity  of p seu d o rab ies  v irus can  be 
o b se rv ed  a t th e  h igh co n cen tra tio n s of desrham nosy l ac teoside , and  p u rp u re a 
side  A  while th e  p u rp u reas id e  C h ad  no effec t. The effective a n tib ac te ria l an d  
a n tiv ira l  s tru c tu re s  a p p a re n tly  differ.

Some experim en ts w ere perform ed on  th e  in flam m ato ry  response in  v ivo 
in  th e  presence of th e se  com pounds, b ecau se  th is  ty p e  o f defence m echanism  
p la y s  an  im p o rta n t ro le  du ring  in fec tion . T h e  results o b ta in e d  w ith  th e  car-
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T able  IV

E f f e c t  o f  c o m p o u n d s  o n  t h e  m u l t i p l i c a t i o n  o f  p s e u d o r a b i e s  v i r u s

C om pounds
C o n c e n tra tio n

C“e/ml)
V irus t i t re  

(log p .f.u ./0 .1  ml) 
p. f. u.

In h ib i tio n 1
0°g)

In h ib itio n 2
(bg)

Acteoside 1 0 0 5.3 0.4 0 .2
50 5.4 0.3 0 .2
1 0 5.7 0.0 0 .2

1 5.7 0.0 0.0

D esrham nosyl- 1 0 0 5.2 0.5 0.3
acteoside 50 5.2 0 . 2 0.3

1 0 5.7 0.0 0.3
1 5.5 0 . 2 0.0

Purpureaside-A 1 0 0 5.2 0.5 0.4
50 5.6 0.1 0.4
1 0 5.6 0.1 0.3

1 5.6 0.1 0.0

Purpureaside-B 1 0 0 5.5 0 . 2 0.4
50 5.7 0.0 0.3
1 0 5.7 0.0 0 .2

1 5.7 0.0 0.0

Purpureaside-C 1 0 0 5.7 0.0 0.0
50 5.7 0.0 0.0
1 0 5.7 0.0 0.0

1 5.7 0.0 0.0

Virus control - 5.7 — 0

1 Assay for v iro sta tic  effect
2 Assay for v irucidal effect

T able  V

E f f e c t  o f  t h e  c o m p o u n d s  o n  c a r r a g e e n i n - i n d u c e d  a c u te  i n f l a m m a t o r y  r e s p o n s e  i n  C F L P  m i c e

C om pounds te s te d
w

P e rce n ta g e  increase 
in  p a w  w eights as 

c o m p ared  to  contro ls 
m ean s +  S.E.M .

P e rce n ta g e  
d iffe ren ce  

a s  c o m p ared  
to  co n tro ls

P

Control (13) 24.4 +  1.67 — —

D esrham nosyl
acteoside (10) 24 .9+2 .76 +  2.3 n.s.

P u rpureaside
A
В
C

(10)
(10)
(10)

21.5 ± 2 .4 5  
19 .7±2 .98  
32 .9+4 .90

— 11.6 
— 19.1
+  35.3

n.s.
n.s.
0.05

Acteoside (10) 21 .2±3 .28 - 1 2 .6 n.s.

n  — num ber of C FL P mice; 
n .s. =  no t significant;
The mice were trea te d  in th e ir  left h ind  paws w ith 300 /£g carrageen in  plus 30 ц g com pound 

dissolved in 0.03 ml isotonic saline; th e  in flam m ato ry  response was evaluated  3 h  afte r the  
in trap ed a l injections
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ra g e e n in  paw  oedem a te s t  in  C F L P  m ice show ed th a t  none o f th e  com pounds 
te s te d  ex e rted  a s ig n ifican t effect on th e  acu te  in fla m m a to ry  p rocess except 
p u rp u re a s id e  C, w hich in c reased  th e  paw  swelling b y  35 .3%  as co m p ared  w ith  
th e  c o n tro l value (T able У).

D esp ite  of th e  in  v i tro  o b served  w eak a n tib a c te ria l, a n tiv ira l  and  a n ti
p lasm id  effects o f th e se  phenolic  glycosides, th e  p ro in fla m m a to ry  effect of 
p u rp u re a s id e  C m ay  h a v e  th e o re tic a l in te re s t.
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INTERFERON-INDUCIBILITY IS DIMINISHED  
IN TUMOUR-BEARING MICE

P h a m  L e  H u n g , I v a n a  S t ő g e r , E r i k a  

K a RCZAG, J .  MlNAROVICS and I .  F Ö L D E S

Microbiological Research Group o f  the N a tiona l 
Institu te  o f  H ygiene , Budapest

(R eceived  A u g u st 23, 1988)

In d u c ib ility  of in te rfero n s was s tu d ied  in  tu m o u r-b earin g  m ice. Using five d iffe ren t 
tran sp la n ta b le  tu m our-m odels , dim inishing of in te rfe ro n -in d u c ib ility  w as revealed  d u rin g  tu 
m our progression , irresp ec tiv e ly  of th e  tu m o u r-m o d e l used. D im in ish ing  of in te rfero n -in d u c ib il
i ty  ru n s  p a ra lle l w ith  d ev elopm en t o f th e  tu m o u rs .

A considerab le  b o d y  o f ex p erim en ta l an d  clinical d a ta  referring  to  th e  
a n ti- tu m o u r effects of in terferons (IF N s) have  been accu m u la ted  in  th e  la s t 
years [1—15]. O ne can  h a rd ly  fin d , how ever, d a ta , wrh e th e r in d u c ib ility  of 
IF N s undergoes changes in  tu m o u r-b e a rin g  ind iv iduals [16-18]. I t  seem ed  to  
be im p o r ta n t, th e re fo re , to  analyze in d u c ib ility  of IF N s  du ring  carcinogenesis, 
as p u ta tiv e  changes in  th is  respect could  c o n tr ib u te  to  u n d e rs ta n d  th e  p a th o g e n 
esis o f tu m o u r  deve lopm en t. B y  th e  use o f  5 d ifferen t tra n sp la n ta b le  tu m o u r-  
m odels we h a v e  ana lyzed  IF N -in d u c ib ility  in  mice.

M aterials an d  m ethods

E xperim enta l anim als. Seven to  8 w eeks old B alb /c , C57B1/6 a n d  DBA /2 m ice (L A T I, 
Gödöllő, H u n g a ry )  of b o th  sexes w ere used.

Tum ours. (1) Lew is lu n g  carcinom a (L L ) w as m ain ta in ed  b y  serial in  v ivo passages 
ino cu la tin g  105 L L  cells in tra m u sc u la rly  in to  C 57B1/6 females.

(2) B a F l  tu m o u r, a ben zp y ren e  in d u ced  tran sp la n tab le  fib ro sa rco m a estab lished  in  a 
B a lb /c  m ouse w as k in d ly  p ro v id ed  by  J .  F a c h e t ( In s t i tu te  of P a th o p h y sio lo g y , U n iv e rs ity  
M edical School, D ebrecen , H u n g ary ). I t  is m a in ta in ed  by  in  vivo tra n sp la n ta tio n s  since y ears  
in  our lab o ra to ry .

(3) Sp4, a tra n sp la n ta b le  spon tan eo u s adenocarc inom a o rig in a ted  from  a B a lb /c  fem ale  
m ouse in  our la b o ra to ry . I t  is m ain ta in ed  in  syngeneic  fem ale m ice b y  in jecting  2 x l 0 5 cells 
in tram u scu la rly .

(4) P815, a  m e th y lch o lan tren e  in duced  m as to cy to m a  was m a in ta in e d  in ascites fo rm  by  
w eekly passages o f 5 X 105 tu m o u r cells in to  th e  p e rito n ea l c av ity  o f D B A /2  females. In t r a m u s 
cu la r in jec tio n  of 5 X 105 P815 cells re su lted  in  solid tu m o u rs  w ith  a  100%  take .

(5) P388 leu k em ia  w as also m ain ta in ed  in  D B A /2  mice in o cu la tin g  5 X 105 cells in tra p e ri-  
to n ea lly . T h is tu m o u r  also grows in  ascitic form .

Chemical. P o ly  I : C (C albiochem , sodium  sa lt A grade L o t 702045) dissolved in  ste rile  
saline (100 /ig/'m ouse) w as used  in tra p erito n ea lly  to  in d u ce  IF N .

P h a m  L e  H u n g ,  I v a n a  S t ő g e r ,  E r ik a  K a r c z a g , J á n o s  M i n á r o v i t s , I s t v á n  F ö l d e s
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P ihenő  ú t  1, H -1529 B u d a p e s t,  H u n g a ry
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In terferon titration. P o o led  se ra  from  4—4 co n tro l a n d  po ly  I : C in d u ced  m ice were k e p t 
a t  —20 °C u n til  titra tio n . T itr a t io n  w as perform ed b y  m easu ring  th e  a n tic y to p a th ic  effect in  
L929 f ib ro b la s t  cell cu ltu res u s in g  encephalo -m yocard itis  v iru s (EMC) as challenge. M ain ta in 
in g  a n d  cu ltu rin g  L929 cells a n d  d e ta ils  of th e  assay  a re  described in  [19]. T h e  t it re s  were com 
p a re d  to  W H O  In te rn a tio n a l R eference  P re p a ra tio n , M ouse IF N , 12 000 IU /m l, p rep ared  and  
d is tr ib u te d  b y  N IA ID -N T H , B e th e sd a , USA. In te r fe ro n  t it re s  were expressed  in  in te rn a tio n a l 
u n its  (IU ). EMC used w as o rig in a lly  iso lated  fro m  m o u se-b ra in  suspension  an d  a d a p te d  to  
L929 cells.

E valua tion  o f  the experim ents. All kinds o f e x p erim en ts  were p e rfo rm ed  a t  least th re e  
tim es . W e w ould like to  em p h asize  th a t  IF N -in d u c ib ility  in  tu m o u r-b earin g  m ice show ed th e  
sam e te n d e n cy  in  every  e x p e rim e n t as com pared  to  t h a t  of contro l m ice. I n  “ R esu lts”  we 
show , th ere fo re , “ re p re se n ta tiv e ”  experim en ts; a cco rd in g  to  our opinion no  s ta tis tic a l analysis 
w as n eed ed  in  th e  ex p erim en ta l conditions given.

R esults

E ffec t o f po ly  I  : C on the serum I F N  levels o f different inbred mouse strains. 
As th e  5 different tu m o u r  m odels use 3 d iffe ren t k inds of m ouse s tra in s , we h ad  
to  com pare , f irs t of all, th e  IF N  titre s  o f th e se  s tra in s  after in d u c tio n  w ith  po ly  
I  : € . T alde  I  shows th a t  (i) th e re  is no d e te c ta b le  IF N  in se ra  o f contro l (non- 
in d u ced ) mice; (ii) tw o h o u rs  a fte r in d u c tio n  a m axim al IF N -lev e l can  he d e 
te c te d ;  (iii) th e  m ax im al IF N -lev e l in  D BA /2 m ice is lower th a n  th a t  o f C57B1/6 
a n d  B alb /c  mice; (iv) th e re  is no difference in  IFN -levels o f m ale  and  fem ale 
m ice w ith in  th e  sam e s tra in .

E ffect o f po ly  I  : C on the serum I F N  levels o f mice transplanted w ith  
d ifferen t kinds o f tum ours. Tables I I ,  I I I ,  IV , V and V I show  th e  poly I  : C 
in d u c e d  IF N  titre s  o f m ice a t d ifferent in te rv a ls  after tu m o u r- tra n sp la n ta tio n . 
IF N - ti tr e s  proved to  b e  low er in  tu m o u r-b e a r in g  mice as com pared  to  th e  
c o n tro l (tum our-free) ones, irresp ec tiv e ly  o f  th e  tu m o u r-m o d e l used. I t  is also 
obv ious th a t  d im in ish ing  o f  IF N  ti tre s  ru n s  para lle l w ith  tu m o u r-p ro g ressio n ; 
th e  la rg e r tu m o u r w ere d e tec ted , i.e. th e  m ore  tim e  elapsed since tra n sp la n tin g  
th e  tu m o u rs , th e  low er IF N - titre s  could he m easured.

In  th e  P815 an d  P388 tum o u r-m o d els  tu m o u r cells w ere tra n sp la n te d  
in tra p e rito n e a lly , th u s  tu m o u r  cells g row ing  in  th e  p e rito n ea l cav ity  m igh t 
in te rfe re  w ith th e  effec ts  o f poly I  : C g iven  also in trap e rito n ea lly . In  th ese  
tu m o u r-m o d els , th e re fo re , th e  ex perim en ts w ere also perfo rm ed  a fte r t r a n s 
p la n tin g  th e  tu m o u r cells in tram u scu la rly . T he sam e d im in ish in g  of IF N -titre s  
w as observed as a f te r  in tra p e rito n e a l t ra n s p la n ta tio n  o f th e  tu m o u r cells 
(d a ta  no t shown).

H aving observed  low er poly I : C in d u ced  IF N -titre s  in  tu m o u r-b ea rin g  
th a n  in  th e  contro l m ice, th e  question  arose w hether th is  phenom enon  re flec ts  
(i) rea lly  lower IF N  q u a n titie s  p roduced  in  th e  tu m o u r-b ea rin g  mice or (ii) 
som e m ateria ls p ro d u ced  in  th e  tu m o u ro u s  hosts in terfere  w ith  IF N s in d u ced , 
th u s  in h ib iting  th e ir  d e te c ta b ility . To solve th is  problem  th e  following ex p e ri
m e n ts  were perfo rm ed .
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Table I

Serum  I F N  titres o f male and fem ale B alb/c , C57B1/6 and D B A /2  mice 0, 2, 6 and 24 h after
induction w ith  100 fig/mouse poly I  : C

Tim e a fte r
S tra in S ex induction

(h)
(Ш )

B alb /c fem ale 0 0
2 960
6 960

24 60

C57Black/6 fem ale 0 0
2 960
6 960

24 30

D BA /2 fem ale 0 0
2 480
6 480

24 30

B alb /c m ale 0 0
2 960
6 960

24 60

C57Black/6 m ale 0 0
2 960
6 960

24 30

DBA /2 m ale 0 0
2 480
6 480

24 30

Table II

Serum  I F N  titres o f  C57BI/6 mice transplanted* with Lewis lung carcinoma 2 h after induction
with 100 gig/mouse poly I  : C

Tim e a f te r  t ra n s p la n ta tio n  
(days)

M ean tu m o u r  
d iam e te r 

(m m )

IF N  t it re s  
(IU )

5 0 960
n 14 480
18 17 240
31 21 120

Control non tran sp lan ted ) mice 
Control (transp lan ted , b u t  n o t tre a te d

0 960

w ith  poly I : C) mice 17 0

* 105 tu m o u r cells were given to  each m ouse in tram uscularly

5 Acta Microbiologica Hungarica 36, 1989



436 HUNG et al.

Table III

Serum  I F N  titres o f Balb/c fem a le  mice transplanted* w ith Sp4  adenocarcinoma 2 h after induction
with 100 fig/mouse poly I  : C

T im e  a f t e r  t ra n sp la n ta tio n  
(days)

M ean  tu m o u r  
d iam e te r 

(m m )

IF N  t i t r e s  
(IU )

2 0 960
7 0 480

14 4.5 480
21 10.5 240
28 14.5 60
28

T ransp lan ted  m ice w ith  no tum or-take 0 960
Control m ice (n o n -tran sp la ted ) 0 960

* 2 x l 0 5 tum our cells w ere given to each mouse in tram uscu larly

Table IV

Serum  I F N  titres o f  B alb/c male mice transplanted* with B a F l  fibrosarcoma 2 h after induction
with 100 fig/mouse poly I  : C

T im e  a f te r  t ra n sp la n ta tio n  
(days)

M ean  tu m o u r  
d iam e te r 
(m m )

I F N  t i t re s  
(IU )

7 0 480
13 7.5 240
21 16.5 160

Control (non  tran sp la n ted ) mice 
Control ( tran sp la n te d , b u t  non-induced)

0 960

mice 7.5 0

* 105 tum our cells w ere given to  each mouse in tram u scu la rly

Table V

Serum  I F N  titres o f D B A /2 fem ale  mice transplanted* with P815 mastocytoma 2 h after induction
with 100 fig/mouse poly I  : C

T im e a f te r  t ra n sp la n ta tio n  
(days)

IF N  t i t re s  
(IU )

3 120
7 0

C ontrol (non transp lan ted ) 480
mice

* 5 X 105 cells w ere g iven  to each mouse in trap erito n ea lly
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Table VI

Serum  I F N  titres o f D B A /2  fem ale mice, transplanted* with P 388 leukemia 2 h after induction
w ith 100 pg/mouse poly I  : C

Tim e a f te r  tra n s p la n ta tio n IF N  t i t r e s
(days) (IU )

3 240
7 30

Control non  tran sp lan ted ) 480
m i c e

*  5 x 1 0 °  cells were given to  each m ouse in traperitonea lly

(1) W e added  sera from  prog resso r B aF l-, Sp4- an d  L L  tu m o u r-b ea rin g  
m ice to  sera o b ta in ed  from  po ly  I : C induced n o rm al m ice w ith  know n IF N - 
t i t r e s  (1 : 1 ra tio ). I n  th e se  m ixed  sera  sim ilar IF N - ti tre s  could be m easured  
as in  th e  con tro l sera  (ca lcu la ted  to  sim ilar serum  q u a n titie s ; d a ta  n o t show n).

(2) W e in c u b a te d  sera  w ith  kn o w n  IF N -titre s  in  th e  presence o f LL  cells 
u n d e r ap p ro p ria te  cond itions fo r 2 an d  18 h. A fte r in cu b a tio n , IF N -titre s  of 
cell-free su p e rn a ta n ts  w ere m easu red  an d  com pared  to  con tro l sera  (i.e. in c u 
b a te d  sim ilarly  in  th e  absence o f L L  cells). No differences w ere found , th u s  
effects o f p u ta tiv e  p ro teo ly tic  enzym es released from  th e  tu m o u r cells could 
be  excluded. In  a series of ex p erim en ts  sera from  tu m o u r-b e a rin g  m ice, or cell 
free ascitic flu id  from  m ice b ea rin g  P815 or P388 tu m o u rs  in ascitic form  were 
in je c te d  to  h e a lth y  m ice an d  a f te r  24 h IF N  w as in d u ced  w ith  poly  I  : C. 
Tw o hours a fte r in d u c tio n  sim ilar IF N -titre s  w ere m easu red  as in  con tro l m ice 
n o t tre a te d  w ith  sera  or ascitic  f lu id  (d a ta  no t show n). T h u s, a d irect effect of 
m a te ria ls  lib e ra ted  from  th e  tu m o u r  cells or induced  b y  th e m  on IF N -p ro d u ce r 
cells can  be excluded.

D iscussion

T he experim en ts p erfo rm ed  b y  th e  use of fiv e  d iffe ren t tra n sp la n ta b le  
tu m o u r-m o d els  u n an im o u sly  show  t h a t  ind u c ib ility  o f  IF N s  m ark ed ly  de
creases in  tu m o u r-b ea rin g  m ice. T h is decrease runs p a ra lle l w ith  progression of 
th e  tu m o u rs . W ith in  th is  te n d e n c y  dynam ics of th e  o b serv ed  phenom enon  d if
fers in  th e  tu m our-m odels in v e s tig a te d . B y  th e  use o f  special experim en ts we 
cou ld  s ta te  th a t  th e  low er IF N - titre s  m easured  in  tu m o u r-b e a rin g  m ice îe f lec t 
a rea l decrease of IF N  p ro d u c tio n , as we have found  no biologically  ac tive  
su b stan ces  in  sera of tu m o u r-b e a rin g  mice, or in  cell-free su jie rn a ta n ts  o f 
tu m o u r  cells in te rfe rin g  w ith  IF N -d e te rm in a tio n .
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I t  is a question  o f u tm o s t im p o rtan ce , w h e th e r th e  p h en o m en o n  observed, 
i.e. a d im in ished  in d u c ib ility  of IF N s  does h av e  som e role in  tu m o u r  develop
m e n t, o r  i t  is only a f in d in g  h av in g  no rea l m eaning  in  tu m o urigenesis . No 
f in a l answ er can be g iven  to  th is  question . T ak en  in to  co n sid e ra tio n , how ever, 
t h a t  d iso rders of gene re g u la tio n  h av e  a ce n tra l role in  cancerogenesis and 
IF N s  a re  am ong th e  m o st im p o r ta n t reg u la to ry  p ro te in s, u n d e re s tim a tin g  of 
th e  phenom enon  o b serv ed  w ould be  a m istake . F u r th e r  ex p e rim en ts  are neces
sa ry  to  s tu d y  in te rre la tio n sh ip s  b e tw een  tu m o u r  progression  a n d  IF N -induci- 
b i l i ty  a n d  to  analyze th e  IF N  system  in  ind iv id u a ls  w ith  tu m o u rs  o f d ifferent 
h is to lo g ic  types.
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EFFECT OF DETOXIFICATION PROCESSES 
ON THE INTERFERON-INDUCING ACTIVITY 

OF BACTERIAL ENDOTOXINS

J .  S o u R E K ,  J .  j A N D E J S E K  and J .  L E V I N

In s titu te  o f  Hygiene and Epidem iology, Prague, Czechoslovakia, 
and Veterans A d m in is tra tio n , M edical Center 

and  University o f  C alifornia, School o f  M edicine  
San Francisco, C d , U S A

(R eceived  A u g u st 30, 1988)

The in te rfero n  (IF N )-in d u c in g  a c t iv ity  o f detox ified  lip o p o lysaccharide  (L PS) w as te s te d  
in  ra b b its  trea te d  w ith  L P S  p rep ara tio n  deriv ed  from  Escherichia coli, Salmonella typ h i, Sa l
monella enteritidis a n d  Shigella dysenteriae  se ro v ar 1. O f th e  d e to x ifica tio n  p rocedures u sed , 
a lka line  hydrolysis, h y d ro xy lam ino lysis , fo rm olization , t r e a tm e n t  w ith  sodium  deo x y ch o late  
a n d  th e  rad io d e to x ifica tio n  (fast or slow) m ethods had  no ap p rec iab le  effects on  th e  IF N - 
in d u cin g  po ten tia l o f L P S . In  c o n tra s t, a c e ty la tio n  or pro longed  a lk a lin e  hydro lysis o f  L PS 
re su lte d  in  up  to  a 9-fold red uction  of IF N -in d u c tio n  cap ac ity  a n d  effects o f C u ++ or F e  + + 
ca tio n s bound to  L P S  w ere clearly in h ib ito ry  (Fe m ore th a n  Cu).

E n d o to x in s-lipopo lysaccharides (LPSs) of G ram -n eg a tiv e  b ac te ria  o f th e  
fa m ily  Enterobacteriaceae belong to  cell p roduc ts th a t  are p o te n t inducers of 
in te rfe ro n  (IF N ) p ro d u c tio n  [1, 2 ]. L P S  carries v a rio u s s tru c tu ra l regions of 
d iverse  biological fu n c tio n . The p rin c ip a l cndotoxic com ponen t of th is  com plex 
is lip id  A, th e  c e n tre  of all im p o r ta n t  biological ac tiv itie s  o f L PS . B ac te ria l 
L P S  are  generally  accep ted  as effective im m u n o m o d u la to rs  o f non-specific re s is t
ance  m echanism s, tr ig g e rin g  in  th e  m acroorganism  a v a r ie ty  of fav o u rab le  
im m unologic responses b y  enh an c in g  m acrophage s tim u la tio n , in d u c tio n  of 
IF N , an ti- tu m o u r a c tiv ity , etc. [3—5]. H ow ever, th e ra p e u tic  app lica tio n s of 
L P S  are  d iscouraged  b y  th e ir  ad v e rse  effects such  as to x ic ity  or le th a lity . 
To overcom e th is , m a n y  approaches h av e  been  chosen in  an  a t te m p t to  rem ove  
u n d esirab le  to x ic  effects of L PS  w hile  preserv ing  th e ir  bio logical a c tiv itie s  
fav o u rab le  for th e  m acroorgan ism  [6]. T he m ethodo logy  used  ranges from  
em ploym en t of v a rio u s  chem ical d e to x if ica tio n  tech n iq u es such  as a ce ty la tio n , 
a lka line  hydrolysis o r h y d ro x y lam ino lysis  [7] to  a t te m p ts  a t  syn thesiz ing  th e  
lip id  A com ponent o f  a  su itab le  im m u n o -m o d u la tio n  ch a rac te ris tic  [8 -10 ].

One of th e  fav o u rab le  ac tiv itie s  o f LPS is th e ir  c a p a c ity  to  ind u ce  IF N . 
T h ere  is re la tive ly  l i t t le  know ledge on  th e  effect o f d e to x ifica tio n  p rocedures
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on th e  IF N -in d u c in g  a c t iv i ty  of LPS. In  th e  p resen t s tu d y  we com pared  th e  
in te rfe ro n g en ic ity  o f  in ta c t  and  detox ified  L P S  p rep a ra tio n s  derived  from  
fo u r en te ro b ac te ria l species belonging to  th e  genera Escherichia, Salmonella  
an d  Shigella. The degree o f  L P S  en d o to x ic ity  was m easu red  in  th e  L im u lu s  
am eb o cy te  lysa te  te s t  w h ich  is ab o u t 100 tim es as sensitive as th e  r a b b it  p y ro 
gen te s t  [11].

Materials and methods

L P S  preparations and  their subunits. T he p re p a ra tio n s  used  w ere o b ta in e d  b y  phenol- 
w a te r  e x tra c tio n  according to  W estp h a l (W ) or b y  trich lo ro ace tic  acid  e x tra c tio n  according to 
B o iv in  (B ): LPS (W ) fro m  Salm onella  typh i N o. 3124—25, L PS  (W ) from  S. enteritidis No. 
3126—25, L PS  (B) from  E . coli 0 1 2 8  : B12 N o. 3924—25, all p ro v id ed  b y  D ifco, D e tro it, M I, 
U SA  [12]; la b o ra to ry -p re p a re d  L P S  (W ) from  Shigella dysenteriae  se ro v ar 1, R -g ro w th  form  
(s tra in -o , 58) and its  lip id  A [13].

D etoxification and other procedures. S . typ h i  L P S  was d e to x ified  b y  a ce ty la tio n  [14], 
a lk a lin e  hydro lysis [15], a lk a lin e  hy d ro x y lam in o ly s is , h y d ro x y lam in o ly s is in  absence of 
N a O H  [15] or by  fo rm o liza tio n  (final fo rm aldehyde  co n cen tra tio n , 0 .5 % ; 1 or 7 d ay s a t  37 °C); 
L P S  fro m  S. typh i and  S . en teritid is  was a lte red  b y  b in d in g  Fe + + or Cu+ + in  absence of ED TA  
to  L P S  [16]; LPS from  S . dysenteriae  1 w as tre a te d  w ith  sodium  d eo x y ch o la te  according to 
R ib i [17] and  used u n d ia ly z ed  o r a fte r  24-hour d ialysis a t  4 °C.

L P S  p rep ara tio n s fro m  E . coli and  S. enteritid is  an d  th e  lip id  A  of S. dysenteriae  1 LPS 
w ere also sub jected  to  ra d io d e to x ifica tio n  procedures. T he source of ioniz ing  ra d ia tio n  was a 
lin e a r accelerator (4 MeV, T esla , P rague) or a 60Co source (60Co R osa , U S S R ); th e  sam ples 
su sp en d ed  in  saline (c o n ce n tra tio n  1 m g/m l) w ere irra d ia te d  w ith  a  dose of 50 kG y.

Induction  o f  interferon. T h e  IF N -in d u c in g  a c t iv ity  o f L PS w as te s te d  in  chinchilla  ra b 
b its  (w eigh t 2.5 kg) in tra v e n o u s ly  in jec ted  w ith  100 fig/mX, i.e. 40 /tg /kg , o f L P S  dissolved in  
py ro g en -free  saline (p H  7 .2); lip id  A was solubilized  by  th e  ad d itio n  of trie th y la m in e  (final 
co n ce n tra tio n  0 .1% ). P ro d u c tio n  of IF N  w as m easu red  in th e  serum  of b lood o b ta ined  by  
ca rd iac  p u n c tu re  2 h  a f te r  in je c tin g  th e  IF N  in d u ce r [18].

Interferon assay. IF N  w as assayed by  m eans o f  p laq u e-red u c in g  m eth o d  [19] on ra b b it  
e m b ry o  fib ro b last m o n o lay ers  in  60 m m  p las tic  P e tr i  dishes using  v esicu lar s to m atitis  v irus 
(s tra in  In d ian a , p rep ared  on L 929 cells, t i t r e  2 X Ю8 p .f.u ./m l) as th e  challenge virus. The 
I F N  t it re s  estab lished  acco rd in g  to  th e  m eth o d  o f L angfo rd  e t al. [20] w ere expressed  as 
u n its /m l. One IF N  u n it  in  th is  te s t  was equal to  2 u n its  o f th e  IF N  reference ra b b it  s tan d ard  
( N i l !  R eference R eag en t, C ata logue  No. G O 19-902—528). T he t i t r e s  in  th e  T ab les are m eans 
m easu rem en ts  in  th ree  an im a ls .

L im u lu s test. A ll spec im ens w ere te s te d  for en d o to x ic ity  using  L im u lu s  am ebocy te  ly sa te  
a ssay  [21] and  th e  E . coli В , 0 5 5  : B5 L PS  (D IF C O ) as a s ta n d a rd . T he L P S  d e tec tab ility  
l im it  w as as low as 0.000001 — 0.00000001 p g /m \.

Results

Effect o f  chemical detoxification. As i t  is ev iden t from  T ab le  I  d a ta , in te r 
feron g en ic ity  of L P S  rem a in ed  u n affec ted  b y  a lkaline h y d ro ly sis , h y d ro x y l
am ino lysis and  fo rm o liza tio n . In  c o n tra s t, ace ty la tio n  red u ced  th e  a c tiv ity  of 
S . typ h i  LPS 5 tim es a n d  prolonged a lkaline  hydro lysis 9 tim es. T he in h ib ito ry  
effec ts of Cu an d  F e  ca tio n s b o und  to  S. typ h i an d  S. enteritidis  LPS p re p a ra 
tio n s  w ere even m ore  p ronounced : th e  C u -trea ted  L P S  p ro d u ced  10 tim es 
less IF N  th a n  u n tre a te d  p rep ara tio n s  follow ing th e  a d m in is tra tio n  of Fe- 
t r e a te d  LPS only  t ia c e  am o u n ts  of IF N  could  be d e tec ted  in  th e  rec ip ien t r a b 
b its .
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Table 1

Effect o f  chemical detoxification procedures on I  FIS-inducing activity o f  L P S  S. typ h i,
S. enteritidis, and S. dysenteriae 1

L P S
G roup (40 /tg /k g  w eigh t) C hem ical t re a tm e n t

LT
(/ig L P S  p e r  m l)

IF N
(ti tre )

A S. typhi 10~8 1033
acetylation io -6 193
alkaline hydroxylam inolysis 1 0 -7 1206
hydroxylam inolysis io-7 1600
alkaline hydrolysis (60 m in) io-6 820
alkaline hydrolysis (6 days) NT 144
form olization (24 h) 1 0 -6 1024
form olization (7 days) io-3 1370
binding Cu2+ (1) 1 0 -4 105
binding F e2+ (1) 10~2 16

B S. enteritidis 1 0 -6 2536
binding Cu'-+ (2) 5 x l 0 - 2 215
binding Fe2 + (2) io-2 8

C S. dysenteriae 1 10-e 250
sodium  deoxycholate (undialyzed) NT 380
sodium  deoxycholate (dialyzed) IO-5 260
alkaline hydrolysis (6 days) N T 64

C ontent of cations following b inding: (1) 37.4 fig  C u/m g L PS, 58.9 fig Fe/m g L PS ; (2 
32.4 fig Cu/mg L PS, 65.5 fig Fe/m g LPS
NT =  non tes ted ; LT  =  L im ulus  tes t (lowest concen tra tion  of L PS th a t  produced a p ositive  
te s t, using E. coli В (D ifco) as the standard). H igh  concen tra tions ind ica te  low biological a c t iv 
i ty , as m easured in  th e  LT

Table II

I F N  induction by L P S  or lipid A  ( L A )  preparations radio detoxified by ionizing radiation

T itre  IF N  (U /m l)

S u b s tan c e  
40  /tg /k g  w eight lin e a r

a c ce le ra to r eoCo
C o n tro l

(u n irra d ia te d )

E . coli LPS 314 236 430

S. enteriditis LPS 4096 1296 2800

S. dysenteriae 1 LA 387 280 193

Effect o f  ion izing  radiation. T he d a ta  p re sen ted  in  T ab le  I I  p rovide ev i
dence w hich show s th a t  fast and slow rad io d e to x if ic a tio n  procedures h ad  r e 
la tiv e ly  little  effect on th e  IF N -in d u c in g  a c tiv ity  o f L PS  an d  lip id  A. T h e  
p rep ara tio n s ir ra d ia te d  w ith  60Co g am m a ray s  w ere so m ew hat less ac tive  th a n  
those  exposed to  h igh -energy  ra d ia tio n  from  a  lin ea r  acce lera to r, h u t  th e  d if
ference d id  n o t reach  th e  level of s ta tis t ic a l  significance.
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Discussion

T h e  d e to x ifica tio n  procedures used  te n d e d  to  v a ry  in  th e ir  effect on th e  
IF N -in d u c in g  a c tiv ity  o f  L PS , show ing no  lin ea r co rre la tio n  b e tw een  th e  ef
f icacy  o f  L PS  d e to x if ic a tio n  and th e  c a p a c ity  o f L PS to  induce  th e  p ro d u c tio n  
of IF N . I t  becam e c le a rly  evident th a t  th e  IF N -in d u c in g  p o te n tia l o f L PS  
w as p rim a rily  reduced  b y  th e  d e to x ifica tio n  processes th a t  invo lv ed  p y ro p h o s
p h a te  g roups and  lip id  A  fa t ty  acid ch a in s  (e.g. alkaline h y d ro ly sis , a c e ty la 
tio n , Cu+ + or F e ++ b in d in g ). This is fu lly  consisten t w ith  th e  prev ious obser
v a tio n s  w hich show ed t h a t  in ac tiv a tio n s o f  p rim ary  to x ic  s tru c tu re  of lip id  A, 
re p re se n te d  e.g. b y  g lycosid ic-bound p h o sp h a te  or ce rta in  f a t ty  acids [22], 
re su lte d  in  a com plete  loss of LPS p o te n tia l  to  induce  IF N . T his im plies th e  
ex is ten ce  of a close associa tion  b e tw een  th e  endo tox ic  and  IF N -in d u c in g  p o 
te n tia ls  o f L PS. U n d e r th e se  c ircum stances i t  is h igh ly  un lik e ly  to  expec t th a t  
a co m p le te ly  d e to x ified  L PS  m ight r e ta in  its  fu ll c a p a c ity  for in d uc ing  IF N  
[9]. I t  seem s likely  t h a t  th e  am ount o f  I F N  produced  depends ra th e r  on th e  
in tr in s ic  s tru c tu re  o f th e  inducer an d  a lte ra tio n s  of m olecular sy m m e try  [23] 
t h a t  i ts  to x ic ity  [7]. N evertheless, th e se  an d  fu r th e r  re la tio n s am ong to x ic ity , 
chem ical s tru c tu re  a n d  im m u n o m o d u la tin g  p ro p e rty  of L PS  w ill becom e of 
in te re s t  to  th e  spec ia lis ts  concerned a n d , u n d o u b ted ly , th e se  re la tio n s  will also 
be s tu d ie d  on th e  m o lecu la r basis.

Ion iz ing  ra d ia t io n  has a d e to x ify in g  effect on L PS  [24—26], suppresses 
its  p y ro g en ic ity  an d  re a c tiv ity  in th e  L im u lu s  te s t  [27], b u t  has no appreciab le  
effect on its  IF N -in d u c in g  ac tiv ity . T h e  availab le  evidence suggests th a t  th e  
in d u c tio n  of IF N  is p rim a rily  affected  b y  th e  lip id  A c o n s titu e n t of th e  L PS  
s tru c tu re  [18]. T he syn th esized  lip id  A analogues p rep ared  to  h av e  th e  id en tica l 
chem ica l s tru c tu re  as th e  n a tu ra l lip id  A iso la ted  e.g. from  L P S  of E . coli 
Salm onella  ty p h i-m u r iu m  or Proteus m irab ilis  s tra in s  h av e  been  re p o rte d  to  
d isp la y  th e  id en tica l sp ec tru m  of a c tiv itie s  such as IF N  in d u c tio n , tu m o u r  
reg ression , m ito g en ic ity , a d ju v a n tic ity  a n d  py rogen ic ity , b u t  th e se  ac tiv itie s  
w ere  n ev er as s tro n g  as ac tiv ities of n a tu ra l  lip id  A [9, 19].

L P S s of G ram -n eg a tiv e  b a c te r ia  a c t as im m u n o m o d u la to rs  or m ac ro 
p h ag e-d eriv ed  s tim u la to rs . In  th is  c o n te x t i t  will no d o u b t be o f in te re s t to  
co m p are  th e  re g u la to ry  in te rac tio n s o f  in te rleu k in s , tu m o u r necrosis fa c to r  
an d  IF N  and to  d e fin e  th e  ex ten t to  w h ich  th e ir  in d u c tio n  m ig h t be in fluenced  
b y  d e to x ifica tio n . T h ese  problem s w ill be  o b jec t of fu r th e r  stud ies.

Acknowledgements. W e th an k  Dr. R . W . M cK in n e y , N a tio n a l I n s t i tu te  o f H ea lth , 
B e th e sd a , MD, USA fo r R eference IF N  ra b b it  s ta n d a rd  and  th e  engineers J .  T e p l y , In s t i tu te  
o f N u c lea r R esearch , l ie z ,  for irrad ia tio n  o f L P S s  and  P. L e p s i , In s t i tu te  o f  H ygiene an d  
E pidem io logy , P rag u e , fo r d e te rm ination  o f ca tio n s. T he excellen t tech n ica l help  o f Mrs M. 
W ü n sc h o v á , Mrs J .  Svobodová , Mrs V. T om ásková  and  F r a n c in e  Co r th esy  L e v in  is 
g ra te fu lly  acknow ledged. T hese studies w ere su p p o rte d  in  p a r t  b y  R esearch  G ra n t H L  31035 
fro m  th e  N a tio n a l I n s t i tu te  o f H ealth , B e th e sd a , MD, and  th e  V eteran s A d m in is tra tio n .

Acta Microbiologica H ungarica 36, 1989



D ETO X IFIE D  LPS AND IF N  IN DUCTION 443

R E F E R E N C E S

1. S tew art, W . E . (ed .): T he In te rfe ro n  System . Springer-V erlag , W ien 1981. p. 1.
2. H o, M.: In  B illiau , (ed.): In te rfe ro n  1. G eneral a n d  A pplied  A spects. E lsevier, A m ste rd am

1 9 8 4 .  p .  7 9 .
3. B ertók , L .: In  N o w o tn y , A. (ed.): Beneficial E ffec ts o f E n d o to x in s . P lenum  P ress , N ew

Y ork an d  L o n d o n  p . 213.
4. G alanos, C., L ü d eritz , О.: In  R ietschel, E . T. (ed.): C hem istry  o f E ndotox ins. Vol. 1. E lse 

vier, A m ste rd am  1984. p. 46.
5. H om m a, J .  Y ., K an eg asak i, S., L ü d eritz , О., Sh iba, T ., W es tp h a l, 0 . (eds): B a c te ria l E n 

dotoxin . C hem ical, B iological and Clinical A spects. V erlag  Chem ie W einheim , D eerfie ld  
B each, B asel 1984. p . 205.

6. R ietschel, E . T ., B rad e , H .: In fec tion  15, 3 (1987).
7. G alabov, A. S., G alabov , S. M.: A cta Virol 17, 493 (1973).
8. G alanos, C., L ü d eritz , О., R ietschel, E . T ., W estp h a l, O., B rad e , H ., B rade, L ., F re u n d e n -

berg, M., Schade, U ., Im o to , M., Y osh im ura , H ., K u su m o to , S., Shiba, T .: E u r  J  Bio- 
chem  148, 1 (1985).

9. K anegasak i, S., K o jim a , Y ., M atsuura , M., H om m a, J .  Y ., Y am am o to , A., K u m azaw a , Y .,
T an am o to , K ., Y asu d a , T ., T su m ita , T ., Im o to , M., Y o sh im u ra , H ., Y am am o to , M., 
Sh im am oto , T ., K u su m o to , S., Shiba, T .: E u r J  B iochem  143, 237 (1984).

10. Shiba, T ., K u su m o to , S.: In  R ietschel, E . T. (ed.): C hem istry  o f E ndotox in . Vol. 1. E lse
v ier, A m ste rd am  1984. p . 234.

11. L evin, J .:  In  W atso n , S. W ., L evin , J . ,  N o v itsk y , T . J .  (eds): E n d o to x in s and th e ir  D e tec 
tion  w ith  th e  L im ulus A m ebocyte  L ysa te  T est. A lan R . L iss, In c ., New York 1982. p . 12.

12. W estphal, O., L ü d eritz , О., S tau b , A. M., N ika ido , H .: In  W ein b au m , G., K adis, S., A jl,
S. J . (eds): M icrobial T oxins. Vol. IV. A cadem ie Press, N ew  Y o rk  1971. p. 145.

13. Sourek, J . ,  T rn k a , T ., D igeon, M., R ay n au d , M.: J  H yg  (P rag u e) 19, 356 (1975).
14. M artin , W . L , M arcus, S.: J  B acterio l 91, 1453 (1966).
15. N iw a, M., M ilner, K . C., R ib i, E ., R u dbach , J .  A .: J  B acterio l 97, 1069 (1969).
16. Sourek, J . ,  T ich ÿ , M., L ev in , J . :  In fec t Im m u n  21, 648 (1978).
17. R ibi, E ., A nacker, R . L ., B row n, R ., H askins, W . T ., M algren, B ., M ilner, K. C., R u d b a ch ,

J .  A.: J  B acterio l 92, 1493 (1966).
18. Jan d e jsek , J . ,  Sourek , J . :  Z en tra lb l B akteriü l (A) 259, 390 (1985).
19. W agner, R. R .: V irology 13, 323 (1961).
20. L angdorf, M. P ., W eigen t, D. A ., S ta n to n , G. J . ,  B aron , S.: I n  Colowick, S. P ., K a p lan ,

N . O. (eds): M ethods in  Enzym ology. Vol. 78. A cadem ie P ress , N ew  York 1981. p. 339.
21. L evin, J . ,  B ang, F . B .: T h ro m b  D ia th  H aem o rrh  19, 186 (1968).
22. P rev ite , J .  J . ,  C hang, Y ., E l-B isi, H . M.: J  B acterio l 93, 1607 (1967).
23. N ow otny , A .: In  R ietsche l, E . T. (ed.): C hem istry  of E n d o to x in . Vol. 1. E lsevier, A m ste r

dam  1984. p. 308.
24. F ü s t, G., B ertó k , L ., Ju h ász -N ag y , S.: In fec t Im m u n  16, 26 (1977).
25. B ertók , L .: P ersp  Biol M ed 24, 61 (1980).
26. E l Sabbagh, M., G alanos, C., B ertó k , L ., F ü s t, G., L ü d eritz , O.: A c ta  Microbiol A cad  Sei

H ung 29, 255 (1982).
27. Im o to , M., Y o sh im ura , H ., K u su m o to , S., Shiba, T .: P roc J a p a n  A cad  60B, 285 (1984).

Acta Microbiologica Hungarica 36, 1989





Acta Microbiologica Hungarica 36 (4), pp. 445—457 (1989)

RELATIONSHIP OF E l AND E3 REGIONS 
OF HUMAN ADENOVIRUS 35 TO THOSE 

OF HUMAN ADENOVIRUS SUBGROUPS A, C AND D

W . G y . K a n g , G y . B e r e n c s i , A. B á n r é v i , Z. A s c h e r , 

G. F e j é r , M á r i a  T a k á c s , A. K iss  a n d  I. N á s z

Virology B ranch, J o in t Research Organization  
o f  the H ungarian A cadem y o f  Sciences at the Semmelweis 

U niversity M edical School, B udapest

(R eceived S ep tem b er 27, 1988)

Cloned P s i l  frag m en ts  of h u m an  ad en o v iru s 35 (AV35) genom e w ere com p ared  w ith  th e  
D N A  o f rep re se n ta tiv es  of h u m an  ad en o v iru s subgroups A  ( ty p e  12), В  ( ty p e  7), C ( ty p es  1, 
an d  5), D  ( ty p e  8), a n d  E  ( type  4), using  b lo t h y b rid iz a tio n  techn iques. T he E lb  reg ion  of 
АУ35 w as fo u n d  to  be  m ore d is tan tly  re la te d  to  those  o f o th e r  subgroups th a n  E la  reg ions 
sequences an d  ex am in ed  by  o thers . D N A  h y b rid iz a tio n  w as observed  on ly  b e tw een  E lb  of 
АУ35 an d  th e  D N A  o f AV4, th u s  th e  re co m b in a n t c o n s tru c ted  m ig h t be ap p lied  as B -sub- 
g roup-specific  d iagnostic  probe. Com m on n u cleo tide  sequences w ere d e tec ted  w ith in  th e  E 3  
reg ions o f sero types 1, 4, 5, 7, 8, and  35. On th e  basis of in te r-su b g ro u p  hom ology, a n d  P s i l -  
frag m en ts  i t  m ay  b e  concluded, th a t  th e  s tru c tu re  of E 3  sequences of AV7 a n d  AV35 D N A  
are  closely re la te d  to  those  of AV3 D N A  sequenced  by  S ignäs e t al. [18]. E 4  reg ions w ere 
co m p ared  only of se ro ty p es rep resen ting  sub g ro u p s В , C, a n d  D. These sequences w ere su b 
group  specific, s im ilarly  to  E lb  regions.

T he hom ology of DNA has h een  exam ined  using  d ifferen t m em bers of 
subgroups of h u m an  adenoviruses re p e a te d ly  b y  h e te ro d u p le x  m ap p in g  o f th e  
D N A  [1], by  liq u id  h y b rid iza tio n  procedures [2, 3] an d  by  D N A  sequencing  
[4, 5]. S ero types above ty p e  31 had  n o t heen in c lu d ed  in to  th ese  stu d ies . 
D evelopm ents d u ring  th e  la s t decade em phasized  th e  biological im p o rta n c e  of 
AY ty p e  35 w hich  w as iso la ted  in  1977 [6] an d  fo u n d  to  affect im m unocom pro- 
m ized  p o p u la tio n  m ore  freq u en tly  [7, 8] lead ing  to  fa ta l  consequences [7—10]. 
T herefo re  th e  D N A , and  several genes of AV35 h a v e  been  s tu d ied  ex ten siv e ly  
in  re c e n t years [11—14].

T here  are tw o  gene clusters am ong  early  reg ions o f th e  aden o v iru s  ge
nom e, w hich possess o u ts tan d in g  role in  th e  m o d u la tio n  o f host cell p ro p ertie s  
be ing  im p o r ta n t from  th e  im m unological p o in t o f  view : E l  and  E3 [15—21]. 
In te ra c tio n s  w ith  th e  expression or processing o f M HC class I  g lycopro te in s,
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an d  tu m o u r  necrosis fa c to r  w ere show n as th e  m ain  m olecular biological 
m ech an ism s of th ese  b io logical even ts [15 -17 , 21, 22].

I n  order to  ex p la in  th e  p revalence  o f АУ35 in  p a tie n ts  su ffering  from  
im m u n o su p p ressio n  sequences u n iq u e  for th is  adenov irus se ro ty p e , it  has to  he 
id e n tif ie d , cloned a n d  sequenced . E lb  reg ion  of th e  D N A  was fo u n d  to  be only  
d is ta n t ly  re la ted  to  t h a t  o f o th e r  subgroups. A n o th e r region of E3 w as found  
to  b e  p a rtia lly  conserved  in  all subgroups te s te d , and  v e ry  s im ila r to  o th e r 
m em b ers  of subgroup  В (АУ7) using b lo t h y b rid iz a tio n  for D N A  m app ing .

M aterials and  m ethods

V iruses and tissue cultures. T he p ro to ty p e  s tra in  o f AV35 was o b ta in ed  fro m  M. N . 
O x m a n  (S an  Diego, C alifo rn ia, USA). T he p ro to ty p e  s tra in  o f AY7 (Gom en) w as o b ta in e d  from  
G. W ad e ll (Ú m eá, Sw eden). T he H u n g a rian  su b ty p e  of АУ8 w as used  as th e  re p re se n ta tiv e  of 
su b g ro u p  D [23, 24]. T h e  p ro to ty p e  s tra in  o f A V I (A D 71) h as been ch arac te rized  p rev iously  
fro m  d iffe ren t respects [25, 26]. T he D N A  yield  fro m  th e  p ro to ty p e  s tra in  o f AV4 w as very  
low  in  o u r hands, u n d e r th e  cond itions o f suspension cu ltu re  p re p a ra tio n  fro m  th e  “ C incinnati 
lin e”  o f  H E p 2  cells [14]. T herefo re , a  field  s tra in  w as se lected  from  an o u tb re a k  of k e ra to co n 
ju n c t iv it is ,  which p ro d u ced  th e  h ig h est y ield  of u n i t  le n g th  D N A  using th e  T ritonX -100 /so - 
d iu m  chloride  e x trac tio n  p ro ced u re  described b y  us [14, 26]. T he iso lates o f ty p e  4 h a d  been 
o b ta in e d  from  E. Szöllősy (Szeged, H u n g ary ), an d  w ere ty p e d  serologically an d  using  re s tric tio n  
end o n u cleases [10, 27]. E l reg ion  of AV12 a n d  AY5 (su b g ro u p  A and  C of h u m a n  adenoviruses) 
w as ex am in ed  using th e  c loned  E coR I-C  frag m e n t (reco m b in an ts  p A d l2 R IC  a n d  pA d5X hoI-C  
fro m  ref. [28]). D etails o f tissu e  cu ltu re  tech n iq u es, an d  p re p a ra tio n  of v iru s s tocks w ere de
sc rib ed  in  deta il in  th e  p reced in g  p a p e r [14].

P urifica tion  o f  v ira l D N A , digestion with restriction endonucleases, a n d  se p a ra tio n  of 
th e  fra g m e n ts  were also d escribed  in  th e  p reced ing  p a p e r [14]. T he clones an d  re s tr ic tio n  endo
n u c lease  m aps were re p o rte d  a n d  d iscussed, too [11, 13, 14].

R estric tio n  endonucleases B a m H l,  E co R I, K p n l ,  P s tl  an d  S a il w ere p u rc h ase d  from  
R e a n a l (B u d ap est) an d  th e  H m d l l l  endonuclease  used reg u la rly  for th e  p re p a ra tio n  of M r 
m a rk e rs  from  AV ty p e  1 D N A  [25] was of th e  sam e origin.

T echniques used  d u rin g  frag m e n ta tio n , se p a ra tio n  a n d  de tectio n  of D N A  w ere tak e n  
fro m  s ta n d a rd  protocols [29].].

Blot hybridization technique. N itrocellu lose  filte rs  w ere p u rch ased  e ith e r from  S arto riu s  
G m b H  (G öttingen , F R G ) or S y n p o r (P rag u e , C zechoslovakia). M odified S o u th e rn  pro toco ls 
w ere  follow ed [29] excep t in  cases w hen  d u p lica te  b lo ts  h a d  to  be o b ta in ed  fro m  th e  sam e gel 
[30 ].

T he n ick -tran s la tio n  k i t  of B eth esd a  R esearch  L ab o ra to rie s  (G a ith e rsb u rg , M ary land , 
U S A ) w as regu larly  used  w ith  adenosine-5’-a lpha-(32P )- tr ip h o sp h a te  o f 110 T B q /m  м specific 
ra d io a c tiv ity , b u t  a cc id en ta lly  13 TB q/m M  p re p a ra tio n s  w ere also in co rp o ra ted  accord ing  to  
th e  p ro to co ls  given b y  th e  m an u fa c tu re rs  ( Iz in ta , B u d ap es t) .

T h e  h y b rid iza tio n  w as perfo rm ed  a t  37 °C e ith e r in  0.5 or in  0.55 p a r ts  o f fo rm am ide 
co m p le te d  w ith  n o n -fa t d ry  m ilk  [31], 20 m g/m l sod ium  lau ry lsu lp h a te  (SD S) an d  7 X SSC 
[29]. O th e r ingred ien ts u su a lly  added  to  th e  m ix tu re s  w ere o m m itted . T he f ilte rs  w ere w ashed 
a t  60 °C in itia l tem p e ra tu re  o f th e  1 XSSC so lu tion  p re p are d  in  1 m g/m l SDS. A t lea s t tw o su b 
se q u e n t washes were p e rfo rm ed  before th e  c leaning of filte rs  w ith  1X S SC  -|- 1 m g/m l SDS a t 
ro o m  tem p era tu re .

A u to rad io g rap h y  w as perfo rm ed  a t  room  te m p e ra tu re  fo r several days if  req u ired  w ith  
d u p lic a te  film s of H S l l  (O rw o, W olfen, G D R ) or M edifort (F o rte , V ác, H u n g a ry ). O ccasionally  
th e  film s were traced  using  a K ipp-Z onen  (D elft, H o lland) m icrodensitom eter.

Source o f sequence data and restriction endonuclease m aps. T he nu c leo tid e  sequence of 
AV2 D N A  was o b ta ined  from  R . R o b e rts  (Cold Spring  H a rb o r L ab o ra to ries , N Y , USA). The 
seq u en ces were analysed  using  a personal co m p u te r (C om m odore 64) w ith  p ro g ram m e packages 
p re p a re d  by  one of us (M. T .). Physical m aps of AVI an d  2 were ex p erim en ta lly  com pared  
ea rlie r  [25]. R estric tio n  endonuclease  m aps of D N A  c lu s te r I  and  I I  of subgroup  В adenoviruses 
w ere ta k e n  from  m any  d iffe ren t sources [10, 11, 14] sum m arized  in  our p reced in g  pu b lica tio n
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[14]. The d a ta  o f ex p erim en tal com parison  of AY7 an d  35, a n d  th e  physical m aps o f AY8 
D N A  w ith  p a tte rn s  o b ta in ed  w ith  o th e r  re s tr ic tio n  endonucleases w ere also published  earlier 
[14, 24, 27]. S h o rt regions of sequences w ere exam ined  w ith o u t c o m p u te r processing [4, 5, 18 
32, 33], since th o se  o f E l  and  E 3 of sub g ro u p  В m em bers w ere n o t  av a ilab le  on m agnetic  d iscs.

R esults

Search fo r  unique regions o f  A V 3 5  D N A .  The d ire c t com parison o f  elec
tro p h o re tic  p a tte rn s  of A V I, an d  AV2 D N A  cu t w ith  P st I  res tric tio n  en d o n u 
clease allowed th e  d e te rm in a tio n  o f th e  physical m ap  w ith  th is  enzym e using  
th e  com puter d eriv ed  sites o f AV2 D N A . The P s tl- f ra g m e n ts  of A VI D N A  
w ere b lo tted  (F ig . 1) and  th e  b lo t w as hyb rid ized  w ith  labelled AV5 p robe 
(32P 5 in  Fig. 1) a n d  w ith  AV35 p ro b e  (32P 35 in  Fig. 1). T h e  cond itions of h y b r id i
za tio n  were co rrespond ing  to  in te rm e d ia te  s tringency  (0.5 form am ide) in  o rd er 
to  d e tec t only v e ry  d ifferent reg ions of th e  genom e. T h e  re su lts  are sum m arized  
in  th e  lower p a r t  o f Fig. 1. T he P s t I  m ap of AVI D N A  is show n in th e  m idd le  
p a r t  o f th e  fig u re . D ark , an d  open  boxes ind ica te  th e  presence of sequence 
hom ology d e tec tab le  under in te rm e d ia te  stringency  o f h y b rid iza tio n  w ith  (Ad 
35) and  (Ad 5) p ro b es labelled  acco rd ing ly  in  Fig. 1. T he n u m b ers  in d ica te  th e  
regions (kb), o f A V I D N A , w hich  possess no d e te c ta b le  hom ology to  AV35 
D N A . The rig h t te rm in a l frag m en t carry in g  E4 sequences showed no h y b r id 
iza tion .

Large a ste risk s  in d ica te  frag m en ts  of sim ilar size g iv ing  positive a u to ra 
d iograph ic  signals, th u s  verify ing  th e  absence of hom ology  in  th e  neighbouring  
regions. As show n in  Fig. 1, fiv e  regions w ere iden tified  in  th is  system , ( P s t I- 
frag m en ts : О, I , R , K , J ,  and  G from  left to  rig h t acco rd in g  to  th e  physica l 
m ap) w hich possessed in tra -su b g en u s  hom ology, b u t  in te rsu b g en u s  hom ology 
w as absent.

In  order to  see th e  locations of sim ilar regions in  su bgroup  13 (AV35) 
a n d  subgroup D (AV8), a sim ilar b lo t h y b rid iza tio n  e x p e rim e n t is p resen ted , 
to o . In  Fig. 2 th e  P s tl- f ra g m e n ts  o f AV35 D N A  (lanes c) an d  cloned fragm en ts 
o f  AV35 (lanes a, 6, g, and  h ) D N A , P s tl-c u t AV5 D N A  a n d  linearized  pB R 322- 
A d8 recom binan t D N A  are sh o w n .T he  v ira l D N A  of AV8 w as labelled  (Ad h 8). 
T h e  com parison o f  e th id iu m  b ro m id e  fluorescence to  th e  au to rad io g rap h ic  
p ic tu re  ind icates t h a t  only P s tl- f ra g m e n ts  A, B, (D -E ), F , an d  (II-I) possess 
d e tec tab le  sequence hom ology. P s tl- f ra g m e n ts  of AV35 cloned , and  recu t b y  
P s tI  verify  th e  hom ology  betw een  frag m en ts  B, and  F  (E 3  region) of AV35 
(lane a), b u t only  P s tI -A  gave p o sitiv e  signal w hen th e  reco m b in an t P s t I  — 
A + K  +  L wag b lo tte d  (lane g). T he  resu lts  ob ta in ed  w ith  AV35, and AV5 
probes were verified  in  th e  ex p erim en t show n in  Fig. 2. T h e  recom binan t 
pA d5-X hoC  recu t w ith  P s tI  (d u p lica te  lanes d -j- e) gave p o sitiv e  signals only 
w ith  AV5 sequences a t  th e  ju n c tio n  sites of p B R -re la ted  sequences, since th e  
p ro b e  was v ira l D N A  of AV8. T he frag m en ts  of P s t l - I  a n d  О (show n in Fig. 1,
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F ig . 1. In tra -su b g ro u p  D N A  hom ology of h u m an  adenovirus ty p es  1 a n d  5, and  in te rsubgroup  
hom ology  of th e  D N A  of ty p e s  1 and  35. T he P s i l  fragm ents of ad en o v iru s  ty p e  1 D N A  were 
s e p a ra te d  in  20 m g/m l slab  gels (Ad h  1). T he frag m en ts  were b lo tte d  [30] using  th e  sandw ich 
tec h n iq u e , and h y b rid ized  u n d e r  less s tr in g en t conditions (0.5 p a r ts  o f  fo rm am ide a t  37 °C) 
to  n ick -tran s la ted  v ira l D N A  of ty p e  5 (32P S), a n d  ty p e  35 (32P 36). T h e  specific a c tiv ity  o f th e  
p ro b es  w ere contro lled  on  th e  basis of C erenkov counts [29]. T he c a p ita l  le tte rs  show P s il  
frag m e n ts  of ty p e  1 D N A  belong ing  to  subgroup  C. T ype 5 was also th e  m em b er of subgroup  C. 
A denov irus ty p e  35 w as th e  rep re se n ta tiv e  of subgroup  В  (D N A  c lu s te r  I I ,  [10]). T he a u to 
ra d io g ra p h y  was p e rfo rm ed  follow ing d iffe ren tia tio n  of th e  b lo ts  in  O .lX SS C  a t  60 °C. T he 
P s i l  m ap  of ty p e  1D N A  is show n  b e lo w (A d -l-P siI) .T h e  regions o f d e te c ta b le  a u to rad io g rap h 
ic  signals are show n b y  d a rk  boxes above (A d35), and  below th e  p h y sica l m ap (Ad5). The 
frag m e n ts  carry ing  E lb  sequences are in d ic a te d  b y  a horizon tal m ark . Sm all asterisks in d ica te  
v e ry  sh o rt P stl  f rag m e n ts  o f adenovirus ty p e  1. Large asterisks, a n d  open boxes in d ica te  
h y b rid iz a tio n  signals ab o v e  D N A  frag m en ts  o f identical e lec tro p h o re tic  m obility . K ilobase 
v a lu e s  (kb) are dep ic ted  correspond ing  to  “ u n iq u e ”  fragm ents o f ty p e  35 D N A  o th er th a n

E 3 a n d  E4
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Ad h 8

a b c d e f g h  a b c d e f  g h
Fig. 2. B io t h y b rid iz a tio n  of n ick -tran sla ted  a d en o v iru s  ty p e  8 (A d h  8) DN A  to  c loned  D N A  
frag m en ts  of o th e r subgroups. The h y b rid iza tio n  w as pe rfo rm ed  in  0.5 p a rts  of fo rm am id e  
using  n o n -fa t d ry  m ilk  [31]. T he filte r was w ash ed  w ith  l x S S C  a t  6 0 °  a fte r h y b rid iz a tio n . 
A rrow heads in d ica te  signals o f in te rsubgroup  hom ology  to  AV8 (A d h 8) probe, w h ich  is th e  
re p re sen ta tiv e  o f sub g ro u p  D. Lane a: cloned P s f l — B +  F  of ty p e  35 D N A ; lane b: th e  sam e 
u n c u t reco m b in an t; lane c: contro l v iral D N A  c u t w ith  P s f l ( ty p e  35); lanes d  an d  e: P s fl-  
digested  reco m b in an t pA d5X hoI-C  [28]; lane f  : co n tro l reco m b in a n t of pB R 322 c a rry in g  12 
kb of th e  left h a lf of ad en o v iru s 8; P slI-d igested  re co m b in a n t ca rry in g  P stI-A of ty p e  35 D N A ; 

lane h:  und igested  reco m b in a n t o f p A d 3 5 P s tI-A

w hich are id en tica l w ith  th e  AV5 frag m en ts  exam ined ) possess no d e te c ta b le  
hom ology to  АУ8 e ith e r. The absence o f d e te c ta b le  hom ology  was c h a ra c te r is 
tic  a t th e  r ig h t end  o f  th e  genom e (E4 reg ion , P sfl-C  o f АУ35), and  a t  a few  
cen tra l frag m en ts  ( P s t I-G , K , and  L ).T h e  E l  reg ion  w as carried  hy  P s i I - ( J  -f- 

E ). T he p ositive  signal o f P stI-(D  y  E ) c an n o t be e v a lu a ted , because o f th e  
id en tica l e lec tro p h o re tic  m obility  of th e  tw o  D N A  frag m en ts , there fo re  cloned  
P s tl-E  w as used  in  th e  following exp erim en ts .

Blot hybrid ization  o f  representatives o f  other adenovirus subgenera to E lb  
region o f  A V 3 5 . In  o rd e r to  detect in te rsu b g ro u p  hom ology  of E lb reg ions th e  
reco m b in an t p A d 3 5 P s tIE  was labelled b y  n ick  tra n s la tio n  an d  hybrid ized  u n d e r  
s tr in g en t cond itions to  D N A  fragm ents o f A V I, AV2, AV5 (subgroup C), AV7 
(G om en s tra in , su b g ro u p  B), AV35 (hom ologous D N A ) an d  cloned E l reg ion
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of AV12 (p A d l2 E co R I-C , subgroup  A). T h e  re su lts  are show n in  Fig. 3. T he 
D N A  o f AV35 cu t w ith  K p n l ,  H in d l l l ,  an d  В н т Ш  was b lo tte d  in  lanes 1, 4, 
a n d  9, respective ly . T h e  D N A  of AV7 cu t w ith  H in d l l l  (lane 5 )  and  B an iH I 
(lane 10)  gave som ew hat w eaker, b u t s ig n ifican t signals up o n  a u to ra d io g ra p h y  
w ith  all D N A  frag m en ts  c a rry in g  sequences o f  E lb .

1 2 3 4 5 6 7 8 91011 1 2 3 4 5 6 7 8 9  1011
F ig . 3. B lo t h y b rid iza tio n  of cloned E 1B  D N A  of ty p e  35 to  b lo tted  D N A  frag m en ts  o f re p re 
se n ta tiv e s  of o th er ad en o v iru s subgroups. T he h y b rid iz a tio n  was pe rfo rm ed  in  0.55 p a r ts  of 
fo rm am id e  [29 |. Lane 1: lCpn.1-digested DN A  of ty p e  35; lane 29: D N A  of ty p e  2; lane 3: no 
D N A ; lane 4:  H m d I I I - c u t  D N A  of AY35; lane 5: AY7 (subgroup B) c u t w ith  H i n d l l l ; lane 
6 9 :  p A d l2 E co R I-C  (28; re p re se n ta tiv e  of sub g ro u p  A ) d igested  w ith  H i n d l l l ;  lanes 7 a n d  8: 
H i / id l l l - c u t  AV2, an d  1; lanes 9 and  10: B azn H I-d ig ested  DNA of AV 35, and  AV7 (G om en) 
be lo n g in g  to  subgroup B ; lane 11: B am H I-fra g m en te d  D N A  of ty p e  2 (rep re sen tin g  sub g ro u p  
C). N o in te rsu b g ro u p  hom ology  was d e tec ted  u n d e r  s tr in g en t conditions. P B R 3 2 2 -re la ted

sequences gave signals in  lane 6

W ell visible signal was o b ta in ed  in  lan e  6, since pB R 322 sequences w ere 
s e p a ra te d  from  АУ12 D N A  b y  H in  d i l l  d igestion . No d e te c ta b le  hom ology 
w as o b ta in ed  to  th e se  frag m en ts  an d  to  o th e r  fragm ents e ith e r , w hich w ere 
c a rry in g  E lb  sequences o f AVI (laneB^ o r AV2 (lanes 2, 7, a n d  11). R ep resen 
ta t iv e  sero types of su b g ro u p  D, and  E  w ere  also included in  th e  ex p erim en t 
show n in  Fig. 4. T he sam e 32p h o sp h a t e-lab  elled  p A d 3 5 P stIE  re co m b in an t w as 
used  for h y b rid iza tio n  u n d er s tr in g e n t cond itions. H om ologous D N A  frag-
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m ents o f AV35 and  AY7 w ere b lo tte d  in  lanes 2 and  7. O nly  th e  pB R 322 re la te d  
sequences w ere hyb rid iz ing  in  th e  lanes of p A d l2 E c o R I-C  (lane 4 )  an d  
pA d5X hoI-C  (lane 8). T here was no D N A  b an d  visib le  in  lane 8 of th e  p h o 
to g ra p h  d ocum en ting  e th id iu m  b ro m id e  fluorescence, th e re fo re  th e  low est w eak  
signal in  lan e  8 o f th e  au to ra d io g ra p h  ^was caused b y  a b e rra n t, de le ted  o r m u-

F ig . 4. H y b rid iza tio n  of cloned E 1B  D N A  of ty p e  35 to  b lo tted  D N A  frag m en ts  of re p re se n ta 
tiv e s  o f o th e r  adenov irus subgroups. T he h y b rid iz a tio n  was pe rfo rm ed  in  0.55 p a r ts  o f fo rm a- 
m ide [29, 31]. Lane 1 : íf i / id ll l -d ig e s te d  AV2 D N A ; lane 2:  fZ m d ll l-c ii t  АУ7 (G om en) D N A ; 
lane 3: H i n d l l l  frag m en ts  o f АУ4 D N A ; lane 4 :  H ire d lll-d ig e s ted  p A d l2 E co R I-C ; lane 5:  
S o il-d igested  AV4 D N A ; lane 6: H in d  I I l- f ra g m e n ts  o f AV8 D N A ; lane 7: P s íl-c u t  AV35 
co n tro l; lane 8:  pA dX hoI-C  [28] cu t w ith  P s i l ;  lane 9:  f f i n d l l l  frag m en ts  o f AVI co n tro l. 
O n ly  p B R 3 2 2 -re la ted  sequences gave signals in  lanes 4 and  8. T he b lack  arrow s in d ic a te  th e  

on ly  in te r-su b g ro u p  h y b rid iza tio n  b e tw een  AV35 and  AV4 in  lanes 3 and  5

ta te d  p o p u la tio n  o f pB R 3 2 2 -re la ted  D N A . T he ex istance  o f such p o p u la tio n s  
m ay  be seen in  Fig. 2 (lanes d  -f- е)Л

No d e tec tab le  signals w ere p re sen t in  lanes 1 (Av2 -(- H in d ï ï ï ) ,  6 (АУ8 
D N A  H in d ï l ï )  an d  9 (A V I -f- I f m d I I I ) .  In te rsu b g ro u p  hom ology w as d e 
te c te d  u n d e r s tr in g en t conditions on ly  to  E lb  region o f  АУ4, being th e  single 
re p re se n ta tiv e  of subgroup  E . T he D N A  o f АУ4 (lane 3) w as d igested  w ith  
f f m d I I I ,  an d  frag m en t f f m d I I I -С gave signal w ith  th e  P s t l -E  probe o f AV35 
orig in  (arrow ). The D N A  w as cu t b y  S a i l  in  lane 5, a n d  on ly  S a í l -В (a rro w  
in  lane 5 in  F ig . 4) gave specific h y b rid iz a tio n  signal to  AY35 E lb .
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Blot hybridization o f  representative serotypes o f  adenovirus subgroups w ith  
D N A  probes carrying E 3  sequences. Two reco m b in an ts  w ere ava ilab le  fo r th is  
p u rp o se  [14], w hich  c a rr ie d  E3 of AY35 [18]. Since E3 o f subgroup  В w as 
show n  to  he 1 k b  lo n g er th a n  th a t  o f su b g ro u p  € , th e  f irs t experim en ts w ere 
done using  P s iI-(F  B) recom binan t in  o rd e r to  re g is tra te  in te rsu b g ro u p  
hom ology . O nly th e  re su lts  o f АУ7, an d  AY35 com parison  a re  p resen ted  (F ig . 
5), since th e  la rger p ro b e  gave positive h y b rid iz a tio n  to  all v iru s  D N A  p a tte rn s  
te s te d .

1 2  1 2
F ig . 5. D N A  hom ology o f E 3  regions of AY7 an d  AV35 DN A. T he b lo t h y b rid iza tio n  was p e r
fo rm ed  u n d e r s tr in g en t c o n d itio n s. P s il-frag m en ts  B - f-  F  (9.4 kb) w as labe lled  b y  n ick -tran s la 
tio n  to  107 counts ^g , a n d  h y b rid iz ed  to  P s il- f ra g m e n ts  o f AV7 D N A  ( lane 1 )  and  AV35 (lane  

2 ) .  C apita l le t te r s  in d ic a te  P s il-fra g m e n ts  o f th e  correspond ingv ira l DN A

T he h y b rid iza tio n  p a t te rn  show n in  F ig . 5 ind ica tes, t h a t  P s tl-fra g m e n ts  
В , C, G, and  (M -f- N  -f- O) of AV7 D N A  (lanes 1, an d  l )  a re  ca rry ing  th e  
co rrespond ing  sequences re la te d  to  P s tI-(B  +  F) of AV35 (lanes 2, and -2’).

T he in te rsu b g ro u p  hom ology is d e m o n s tra te d  in  F ig . 6. The E coR I-C  
fra g m e n t of A V I D N A  w as iso lated  from  a n  agarose gel, a n d  used  as th e  n ick  
tra n s la te d  probe. T h is frag m en t is c a rry in g  th e  m a jo rity  o f  E3 region o f s u b 
genus C (betw een 0 .76 an d  0.84 m ap  u n its ;  [25]). T his p ro b e  gave p o sitiv e  
s igna l only  to  P s t l-B  o f  AV35, (lanes 2, a n d  2 '). The P s tl-G  fragm en t o f AV7 
D N A  (lanes 3 -6 )  w as th e  only frag m en t g iv ing  w eak  signals w ith  A V I E 3 . 
T h e  difference b e tw een  subgroup  В an d  C is v isualized  in  lanes 7, and  7’, w hich
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1 2 3 4 5 6 7  1 2 3 4 5 6 7
Fig. 6. In te rsu b g ro u p  hom ology of E3 regions. B lo t-h y b rid iza tio n  of P co R I-C  frag m e n t o f AY1 
D N A  to  rep re sen ta tiv es of subgroups В an d  D. La n e  1: S a /I-frag m en ts  o f AY8 D N A ; lane 2:  
P s tl- f ra g m e n ts  of AV35 D N A ; lanes 3 to  6: f rag m e n ts  o f AV7 D N A  c u t w ith  P s tl  [6], P s t l  -f- 
S a il  [3], P stl  -|- K p n l,  [4], an d  P s tl  E co R I [5]. Subgroup C con tro l: P s il- f ra g m e n ts  o f

A V I in  lane 7

co n ta in ed  th e  P s t l  d igested  АУ1 D N A . T he SaZI-digested АУ8 D N A  (lanes 1, 
an d  V )  gave no positive h y b rid iza tio n , b u t  th e  incom plete  d igestion  p a t te rn  
m akes th e  ev a lua tion  of th is  re su lt im possib le .

D iscussion

T h e  b lo t-h y b rid iza tio n  ex p erim en ts  p resen ted  were c o n c e n tra ted  to  E lb ,  
an d  E3 regions of AV35 D N A . T he re su lts  revealed  th a t ,  in  c o n tra s t to  E l a  
sequences, w hich h ad  been  found  to  he  h ig h ly  conserved [2, 3, 4, 22, 28, 32, 
33] E lb  regions seem to  be m ore d is ta n tly  re la ted  to  o th e r  sub g en era .

T h e  E lb  recom binan t o f AV35 m ad e  d irec t com parison  o f in te rsu b g ro u p  
hom ology  possible (Figs 3 an d  4). U n d e r s trin g en t cond itions no d e te c ta b le  
hom ology  w as found  to  re p re sen ta tiv es  o f  subgroups A, C an d  D . A h ig h  degree 
of hom ology  was observed  betw een  D N A  fragm en ts c a rry in g  E lb  o f D N A  
clusters I  an d  I I  of su bgroup  B. T h e  single d e tec tab le  h y b rid iz a tio n  signal
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in d ic a tin g  in te rsu b g ro u p  hom ology , w as o bserved  in  lanes 3, an d  5 of F ig . 4. 
T h is  re su lt is verify in g  p rev io u s d a ta  suggesting  h u m a n  adenov irus ty p e  4 to  
be  th e  ancien t h u m a n  se ro ty p e , d escendan t o f  sim ian  adenov iruses [10, 32]. 
T h e  absence of hom ology  to  o th e r re p re se n ta tiv e s  o f d iffe ren t subgroups m igh t 
b e  in te rp re te d  as in d ic a tio n  o f d iverg en t ev o lu tio n  o f АУ35. R esults of D N A  
sequence  d a ta  in d ic a te  th e  ex is tan ce  o f co nserved  reg ions o f E l  of p rev iously  
ex am in ed  subgroups, A , В (c lu ste r I), an d  C [4, 5, 28 33]. T h e  resu lts  o b ta in ed  
m ig h t suggest th e  fo llow ing  ev o lu tion  tre e :

S im ian  adenovirus —>-h u m a n  AY4 (subgroup  E)

h u m a n  subgroup  A 
h u m a n  subgroup  C 
h u m an  subgroup  D 
D N A  cluster I o f 
h u m a n  subgroup  В

I
D N A  cluster I I  o f 
h u m a n  subgroup  В

T h e  sequencing o f E l b  D N A  is before com ple tion  in  o rd e r to  m ake co m p u te r 
analy sis  possible.

B lo t h y b rid iz a tio n  w ith  n ic k -tra n s la te d  fra g m e n ts  o f AY12 (experim en ts 
n o t  shown) su p p o rte d  th e  above assu m p tio n s. No d e te c ta b le  hom ology w as 
o bserved  to  D N A  fra g m e n ts  ca rry in g  E lb  sequences. In  c o n tra s t to  E lb  reg ions, 
th e  in te rsu b g ro u p  hom ology  w as read ily  d e te c ta b le  u n d e r less s trin g en t co n d i
tio n s  o f h y b rid iza tio n  (F igs 1 an d  2).

There was a P s tl- f ra g m e n t (P s tI - J  in  F ig . 1) d e tec ted , w hich seem ed to  
be  u n iq u e  for AV35 w ith in  th e  E3 region. U n fo r tu n a te ly  th e  reco m b in an ts  
av a ilab le  were covering  m u ch  longer regions o f th e  genom  th a n  E3. The D N A  
hom ology betw een  AV7 an d  AY35 (i.e. D N A  c lu ste rs  I ,  a n d  I I )  was show n to  
be  a t  least as h igh , as in  th e  case of E lb  reg ions (F ig . 5). Since AV7 has n o t 
b een  exam ined ea rlie r, a n d  P s tl  cu t th e  D N A  of th is  se ro ty p e  in to  sev era l 
sm alle r frag m en ts , th e  in te rsu b g ro u p  hom ology  w as ex am in ed  using sam ples 
fro m  b o th  sero types (F ig . 6). T he in te rsu b g ro u p  hom ology  w as de tec ted  o n ly  
w ith in  th e  region o f 2 .0kb  (i.e. P s tl-G  of AV7 D N A ).

W hile th is  m a n u sc r ip t was in  p re p a ra tio n , th e  n ucleo tide  sequence o f 
th e  E3 region of AY3 h as been  pub lished  [18], an d  th e  m a jo r g lycopro tein  o f 
AV35 coded for b y  th e  E3 w as show n to  be o f M r 27 000 [12]. The n u c leo tide  
sequence d a ta  p ro v id e d  ex p lan a tio n  fo r th e  d ifference o f E3 regions in  size 
[4, 12, 18]. A b ou t 1 kb  w as found  to  be in se r te d  in to  th e  E 3  region in  c o m p a 
riso n  to  subgroup  C aden o v iru ses  [18, 20]. T h e  resu lts  p re sen ted  here com plete  
th e  p ic tu re  from  sev e ra l resp ec ts . T he S a i l  s ite  w as show n to  be id en tica l in  
th e  D N A  m olecules o f  AV3, an d  AV7 [10, 13, 24]. T he S a /I-s ite  show n in  F ig . 
7 allow  th e  co linear d raw in g  o f E3 sequences o f AV3 (nucleo tide  No. 232 in
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Fig. 7. Colinear co m p ariso n  of E lb  an d  E 3  reg ions on th e  basis o f D N A -hom ologies w ith in  
th e  sub g ro u p  В of adenov iruses, and in te rsu b g ro u p  hom ologies o f subgroups В, C, a n d  D . T he 
h o rizo n ta l lines re p re se n t P stl,  adn  H i n d l l l  m ap s  of th e  D N A  o f se ro ty p es in d ica ted  b y  a rab ic  
n u m era ls . T he lo ca tio n s  o f  re stric tio n  end o n u clease  sites a re  p ro p o rtio n a l to  th e  m a rk e r  line 
below  in d ica tin g  m ap  u n its  (m u) and  k ilobase  v a lu es (kb). In te rsu b g ro u p  hom ology is in d ic a te d  
b y  circles. T he lab e led  D N A  is in d ica ted  b y  m ap  u n its  in  b ra c k e ts . T he sequence o f АУЗ is 
localized  in  th e  m ap  o f AY7 using th e  S a il  s ite . C loned frag m en ts  o f AV35 DN A  used  as p robes 
a re  in d ic a te d  b y  b lack  ho rizon tal bars, co n n ec ted  w ith  th e  P s (I  m ap  b y  vertica l d o tte d  lines. 
T h e  v e r tic a l arrow s in d ic a te  fragm en ts o f o th e  v ira l D N A  m olecules, w hich were fo u n d  to  be 
re la te d  to  AV35 b y  b lo t  hybrid ization . C ap ita l le t te rs  show re s tr ic tio n  endonuclease frag m e n ts  

exam ined  in  th is  s tu d y . O ther sites w ere ta k e n  from  references [14, 18, 24, 36]

re ference  [18] a n d  th e  P s t l  frag m en ts  o f  AV7. T he AV3 specific 1 k b  in se r t  is 
ex a c tly  in  th e  m id d le  of th e  Pst I  f ra g m e n t co rrespond ing  to  P s tl-G  o f АУ7. 
T he size, an d  lo c a tio n  of P s t l  frag m en ts  o f AV3 an d  AV7 D N A  in  a d d itio n  to  
th e  b lo t-h y b rid iz a tio n  betw een AV7 a n d  AV35 frag m en ts  carry ing  E3 suggest 
h igh  degree of hom ology  of AV3, АУ7 a n d  АУ35 w ith in  th is  region o f th e  ge
nom es. T he re su lts  p resen ted  in  F ig . 6 a re  su p p o rtin g  th is  a ssu m p tio n  in  th e  
lig h t o f  availab le  D N A  sequence d a ta  [4, 18, 20]. T h e  frag m en t F coR I-C  of 
A V I D N A  w as show n to  be very  s im ila r to  frag m en t P co R I-D  of AV2 o f k n o w n  
sequence  [1, 4, 25]. T h e  nucleotide sequences of AV2 F co R I-D , and  th e  P s tl-G  
re la te d  region o f АУЗ D N A  (nucleo tides N os 1284 a n d  3389 in  reference [18])
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possess severa l id en tica l o c ta - to  d odecanuc leo tides a t b o th  ends. Such se
quences m ay  be d e tec ted  a t  low  s trin g en cy  o f  b lo t h y b rid iza tio n . T he resu lts  
show n in  F igs 6 and  7 su g g ested  th a t  th e  sequence  hom ology b e tw een  A V I, AV7 
an d  AV35 is p ro b ab ly  m ore  th a n  in  th e  case o f  AV3 and  AV2, on  th e  basis of 
th e  co n d itio n s  of b lo t h y b rid iza tio n s .

S ubgroup-specific  c h a ra c te r  of E4 reg ions is also a new  fin d in g  of th is  
w ork. In te r-su b g ro u p  hom ologies are su m m arized  in  Figs 1 an d  7. U nder th e  
co n d itio n s o f hy b rid iza tio n  w hich  could n o t d e te c t c ro ss-h y b rid iza tio n  betw een  
E lb  reg ions of d iffe ren t subgenera , no d e te c ta b le  hom ology w as observed  
b e tw een  E 4 of re p re se n ta tiv e s  of sub g ro u p s B , C, and  D . U n fo rtu n a te ly  in  
th e  ab sen ce  of availab le  c loned  frag m en ts  o f  AV4 and  AV12, th is  co m p ara tiv e  
analy sis  could  no t be co m ple ted .

T h e  resu lts  p re sen ted  show , th a t  P s tl- f ra g m e n ts  of A V I, an d  AV35 are  
sh o rt enough  to  p rov ide  su b g ro u p  specific re su lts  if  applied  for D N A  diagnos
tics w ith in  several reg ions o f th e  genom es ( E lb ,  E 4, and  m in o r cen tra l f ra g 
m en ts). T h e  e lab o ra tio n  o f  such  D N A  probes is con tinued .

T h e  choice of AV8 as re p re se n ta tiv e  o f  su b g ro u p  D  req u ires  fu r th e r  d iscus
sion. O n th e  basis o f d ifferences of D N A  re s tr ic tio n  endonuclease p a tte rn s , 
AV8 w as show n to  be u n iq u e  am ong su b g ro u p  D  adenov iruses [27]. In  con
t r a s t  to  th e  resu lts o b ta in e d  w ith  B a r n ii l ,  B s tE I I  and  H i n d l l l ,  S m a l  and  
B g l  I I  d id  no t show th ese  p ro found  d ifferences in  th e  w ork  c ited  in  accordance 
w ith  o u r resid ts  o b ta in ed  w ith  S a il  [24]. T h erefo re , ty p e  8 m ay  s ta y  as re p re 
s e n ta tiv e  o f subgroup  D  as th e  single ty p e  cloned  and  m apped  w ith  re s tr ic tio n  
endonuclease  [24, 27, 3 4 -3 6 ].
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Soluble an tig en  w as p rep ared  from  Listeria monocytogenes se ro v ar 4b using a fo rm am ide  
e x tra c tio n  m eth o d . A n tig en ic  m ate ria l w as d e te c te d  in  th is e x tra c t b y  gel diffusion an d  E L IS A  
using  anti-Listeria m onoclonal an tibodies. U sing th is  E L IS A , a n tig e n  w as de tected  in  c e re b ro 
sp ina l f lu id  (CSF) du rin g  in fec tio n  due to  L. monocytogenes sero v ar 4b w ith  wells co a ted  w ith  
th re e  o f th e  m onoclonal an tib o d ies  (CL1, CL2 a n d  CL3). The a n tig en  b in d in g  of CL3 w as found  
to  be  g re a tly  in fluenced  b y  changes in  ionic  s tre n g th , and these  p ro p e rtie s  w ere u tilized  in  an  
a f f in ity  p u rific a tio n  m eth o d . A n analysis o f th e  an tigens was c a rried  o u t  using  crossed  im - 
m u noelectrophoresis a n d  th is  in d ica ted  th a t  th e  crude form am ide e x tra c t  con ta ins a  n u m b er 
o f  d is tin c t an tigens. A  g ro u p  of th ree  an tig e n s  o f differing e lec tro p h o re tic  m obilities w ere 
d e m o n s tra ted  in  th e  a ff in ity  p u rified  m ate ria l.

W e previously  re p o rte d  th e  p ro d u c tio n  of m ouse m onoclonal an tib o d ies  
w hich  recognize ep itopes on th e  su rface  of Listeria monocytogenes serogroup  
4 [1]. W e re p o rt h ere  on an  in v es tig a tio n  of soluble an tig en s recognized by  
th ese  an tibod ies.

M aterials and m ethods

A  p an e l of 15 m ouse h y b rid o m a  cell lines secreting  an tibodies (d e sig n ated  CL1 to  CL15) 
w ith  specificities ag a in st L. monocytogenes serogroup  4 were described  p rev iously  [1]. R a b b it  
p o ly c lo n a l a n ti-Listeria a n tise ra  w ere p ro d u ced  as described b y  Seeliger an d  H ohne [2]. Con
ju g a te s  o f ho rse rad ish  p e ro x id ase  (H R P ) to  an tib o d ies  was carried  o u t  using  th e  m e th o d  of 
W ilson a n d  N ak an e  [3].

A soluble  an tig en  w as p rep ared  from  a  s tra in  o f L. monocytogenes serovar 4b (iso la ted  
from  th e  cereb rosp inal f lu id  o f a p a tie n t w ith  m en ing itis) using a m o d ifica tio n  of th e  F u ller 
m e th o d  [4]. T his consisted  of tre a tin g  an  ace to n e  pow der of b a c te r ia l cells tw ice w ith  fo rm a 
m ide a t  160 °C for 15 m in. C ellular debris w as rem o v ed  by  c en trifu g a tio n  (10 000 g fo r 20 m in). 
T he s u p e rn a ta n t  w as ex ten siv e ly  dialysed  a g a in s t p h o sp h a te  b u ffered  saline (PR S , D ulbecco A) 
an d  f in a lly  filte red  th ro u g h  a 0.22 ftm  n itrocellu lose  filte r. E L IS A s w ere carried  o u t as de 
scribed  b y  M cL auchlin  e t  al. [5], and  double gel diffusion, ro ck et a n d  crossed im m unoelectro - 
phoresis as described b y  Jo h n s to n e  an d  T h o rp e  [6].

A n tib o d y  was b o u n d  to  C N R r a c tiv a te d  Sepharose 4B (P h a rm ac ia )  as th e  m a n u fa c 
tu re rs  in stru c tio n s . All co lum ns w ere ru n  a t  a flo w  ra te  of 1 m l/m in , a n d  reg en era ted  w ith  20 ml 
o f 4 M M gCl2, 20 m l of 0.1 м  T ris /H C l p H  2.0, 20 m l 5 м urea, an d  f in a lly  w ith  250 m l o f 1/10 
no rm al s tre n g th  PBS.
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R esults

A ntigen  was d e te c te d  in  th e  fo rm am ide e x tra c t b y  doub le  gel diffusion, 
and  iram u n o p rec ip ita tes  w ere  o b ta ined  w ith  7 of th e  15 cell lines secreting 
a n t i-L isteria  an tibod ies (T ab le  I) . An E L IS A  w as th e n  developed  w here m icro- 
t i t r e  wells w ere co a ted  w ith  m onoclonal a n ti-Listeria  an tib o d ies , w hich were 
used  to  cap tu re  soluble an tig en . The seq u en tia l ad d itio n  of ra b b it  anti-Listeria  
a n tise ra  and  goat a n ti- ra b b it-H R P  con juga te  (Tago) was used  to  detect cap 
tu re d  an tigen . U sing th is  E L IS A , an tig en  w as d e tec ted  in  th e  form am ide ex 
t r a c t  b y  13 of th e  15 a n t i -L isteria  an tibod ies (T able I). Also b y  th is  E L IS A , 
a n tig e n  was de tec ted  in  3 o u t of 5 CSF sam ples (collected from  5 p a tien ts  w ith  
L . monocytogenes se ro v ar 4b m eningitis) w ith  wells coated  w ith  3 of th e  an ti- 
L isteria  an tibodies (CL1, CL2, and  CL3). U sing  th ese  sam e C SF sam ples, a n ti
gen w as n o t d e tec ted  w ith  wells coated  w ith  6 o th e r an ti-L isteria  serogroup 4

Table I
Results of detection of soluble antigen in Fuller (formamide) extract, and in cerebrospinal flu id  

using anti-Listeria monoclonal antibodies

M onoclonal

A ntigen  d e tec ted  in  
form am ide e x tra c t  b y A ntig en  de tec ted  

in  cerebrosp inal

n u m b er*
Im m u n o 

préc ip ita tion
E L ISA **

flu id  samples*** 
b y  ELISA **

C L l _ +
CL2 _L + +
CL3 _1_ + +
CL4 + r NT
CL5 — + —
CL6 — + —
CL7 + + NT
CL8 — + NT
CL9 — + NT
CLIO + + —
CL11 — — NT
C L l 2 — + —
CL13 — — NT
CL14 + + —
CL15 + + —
LPC1 — — —

NT =  no t te s te d
* The m onoclonal an tibod ies have specificities against: CL1 to  CL15 L. monocytogenes 

serogroup 4, LPC1 Legionella pneumophila
** E LISA  te s t  com prised  wells coated w ith  m onoclonal an tib o d y , which captures sol

uble antigen. C aptured  a n tig en  was detected  b y  th e  sequential ad d itio n  of ra b b it anti-L isierm  
an tisera , followed by  ho rse rad ish  peroxidase co n jugated  goat a n ti- rab b it an tisera

*** C erebrospinal f lu id  sam ples collected from  p a tien ts  w ith  m ening itis due to  L. mono
cytogenes serogroup 4b
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antibodies, or a m onoclonal a n tib o d y  w ith  a specific ity  fo r ano ther genus o f 
b ac te ria  (a n ti-Legionella pneum ophila  an tib o d y ) (T able I).

I t  was th e n  a tte m p te d  to  p roduce  I IR P  co n ju g a tes  w ith  CL1, CL2 a n d  
CL3, su itab le  fo r use in  an  E L IS A . C L 1 -H R P  co n juga te  d id  n o t re ta in  a n tig e n  
b ind ing  a c tiv ity . C L 2-H R P  co n ju g a tes  p rec ip ita ted  on  s to rag e  a t 4 °C a n d  
could no t be reso lubilized . Successful C L 3 -H R P  co n ju g a tes  w ere produced , a n d  
an  E L IS A  w as developed  w here wells w ere coated  w ith  th e  an tib o d y  CL2, a n d  
cap tu red  an tig en  d e tec ted  using th is  co n juga te . H ow ever, h igh ly  in co n sis ten t 
resu lts  were o b ta in ed . I t  was la te r  observed  th a t  C L 3 -H R P  con jugate  show ed 
g reat differences in  an tigen  b in d ing  w ith  re la tive ly  sm all changes o f ion ic  
s tren g th . A 90%  loss in  signal in  th e  E L IS A  was o b ta in ed  w hen th e  co n ju g a te  
was added in  1/10 norm al s tre n g th  P R S  com pared  w ith  10 X norm al s tre n g th  
PB S. Sim ilar effects of ionic s tre n g th  on  an tigen  b ind ing  b y  CL3 were observed  
in  an  ind irect im m unofluo rescen t a n tib o d y  te s t, an d  in  gel diffusion. T h u s  
CL3 was u n su ita b le  for use in  th is  E L IS A .

The b in d in g  p roperties of C L 3w ere, how ever, u tiliz ed  in  an a ffin ity  p u r i 
fica tion  m ethod . T he fo rm am ide e x tra c t was dialyzed a g a in s t 1/10 s tre n g th  
PB S. To rem ove non-specifically  b in d in g  m ateria l, th e  a n tig e n  was c ircu la ted  
overn igh t th re e  tim es  th ro u g h  a CL17 colum n (an a n t i -L isteria  serogroup 1/2 
an d  3 m onoclonal a n tib o d y , 18.4 m g o f a n tib o d y  linked  to  3 m l of gel). T he a n ti-  
ta tg e n  was th e n  c ircu la ted  overn igh t in  a CL3 colum n (9.9 m g of an tib o d y  lin k ed  
to  1.3 m l to  gel), an d  tre a te d  as o u tlin ed  in  Table I I .T h e  fra c tio n  eluted a t  5 X 
no rm al s tre n g th  P B S  was d ialysed  ag a in s t 1/10 s tre n g th  P B S , and  th e  process 
rep ea ted . The frac tio n s  w ere h u lk ed  from  6 runs, d ia ly sed  against deionised  
w a te r and freeze d ried . F rac tions w ere te s te d  against 6 o f th e  im m unoprecip i- 
ta tin g  an tibod ies b y  gel diffusion. T he freeze dried  m a te r ia l reac ted  w ith  CL2, 
CL3 and CL7 b u t  n o t w ith  CLIO, CL14 an d  CL15 (Table I I ) .

To fu r th e r  assess th is  p u rif ic a tio n  tech n iq u e , ro ck e t im m u noelec trophore- 
sis was carried  o u t. F rom  th e  re su lts  o b ta in ed  by  th e  re la tiv e  heights of th e  
rockets using d ilu tions of th e  crude an d  a ffin ity  p u rified  m a te ria l (Table I I I ,  
Fig. 1), a p u rif ic a tio n  of a t least 20-fold w as achieved w ith  resp ec t to  an tig en ic  
m oieties no t found  in  th e  a ff in ity  p u rif ied  m ate ria l (i.e. re a c tin g  w ith  CLIO, 
CL14 and  CL15).

An analysis o f th is  an tigenic  m a te ria l was carried  o u t u sin g  crossed im rnu- 
noelectrophoresis. T he p a tte rn  of im m u n o p réc ip ita tio n  o f th e  a ffin ity  p u rified  
m ateria l w ith  CL3 is show n in F ig . 2, Gel C. Crossed im m unoelec trophoresis  
w ith  in te rm e d ia te  gels con ta in ing  an tib o d ies  CL2, CL3 a n d  CL7 showed t h a t  
these th re e  an tib o d ies  have d ifferen t specificities, an d  recognise a t least 3 
re la ted  an tigens w ith  d iffering e lec tro p h o re tic  m obilities (e.g. Fig. 2 Gel U fo r 
CL3/CL2 gel). In te rm e d ia te  gels also confirm ed  th a t  a n tig en s  recognised b y  
CLIO, CL14 an d  CL15 are  d ifferen t to  th o se  recognized b y  CL3 (results n o t 
given).
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Table II

Results o f  optim ization o f  ru n n in g  conditions fo r  a f f in i ty  chromatography using  Sepharose 4B /C L 3
antibody colum n

R u n n in g  co n d itio n s

R esu lts  o f im m u n o d iffu sio n  
w ith  th e  a n ti-L isteria  an tib o d ies

CL2 CL3 CL7 CLIO CL14 CL15

5 m l crude form am ide e x tra c t 
in  1/10 s treng th  PB S  
circulated  th ro u g h  colum n 

overn igh t

+ + + + + +

1—► crude  ex tra c t + + + + + +

10 m l 1/10 stren g th  PB S — + / - + — + / - +

10 m l 1/10 stren g th  P B S — - - — — -

10 ml 1/10 stren g th  PB S — - - - - -

10 m l of 5 X norm al s tre n g th  PBS + + + — - -

T
10 ml of 5 X norm al s tre n g th  PBS

1
10 ml of 5 X norm al s tre n g th  PBS

1
regenerate colum n

— - - — - -

Table III

Results o f  rocket immunoelectrophoresis with crude form am ide extract and a f fin i ty  pu rified  material

H e ig h t  o f  ro ck e t (mm)

A n tib o d y  
in  gel

c ru d e  e x tr a c t

1 : 20

a ff in ity  p u r if ie d ’

] : 2 1 : 5 1 : 10 n ea t 1 : 5

CL2 29 18 9 4 6 3
CL3 41 35 22 13 25 7
CL7 24 18 6 4 11 2
CLIO 12 6 3 1 0 0

CL14 11 5 3 1 0 0
CL 15 16 9 6 2 0 0

* A ffin ity  purified  m ate ria l =  12.5 m g /m l d ry  w eight of m ate ria l ie. n e a t =  120 fig, and  
1 : 5 d ilu tion  =  24 fig o f m ateria l.

D iscussion

A soluble a n tig e n  ex tra c t w as p ro d u c e d  using a F u lle r  e x trac tio n  (ho t 
fo rm am ide) m ethod . T h is ex trac t w as a good source of an tig en ic  m ateria l since 
o f  th e  15 cell lines p roducing  a n ti-L is te r ia  an tibod ies, im m u n o p rec ip ita te s  
w ere produced  w ith  7, and  13 re a c te d  in  th e  E L IS A . U sing  th ree  of th e
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Fig. 1. A ssessm ent o f a ffin ity  p u rific a tio n  of Sepharose  4B/CL3 co lum n fractions b y  ro c k e t 
im m unoelectrophoresis. A =  CL3, B =  CL15. W ells con ta in  (left to  r ig h t): crude fo rm am id e  
e x tra c t  d ilu te d  1 : 2, 1 : 5, 1 : 10, 1 : 20, an d  a ffin ity  purified  m ate ria l d ilu ted  n e a t a n d  1 : 5
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Fig. 2. P a tte rn s  of p re c ip ita tio n  in  crossed Im m unoelectrophoresis. C — a ffin ity  purified  m a te 
ria l ag a in st CL3, I)  =  c ru d e  form am ide e x tra c t te s te d  ag a in st CL2 (b o tto m  gel) and  CL3

(top gel)

m onoclonal an tib o d ies  in  th is  E L IS A , a L . monocytogenes cell surface an tigen  
w as iden tified  w hich  occurs in  a soluble fo rm  in  CSF d u rin g  listeriosis. Thus 
fu r th e r  a tte n tio n  w as focussed on p u rif ic a tio n  and  analysis  o f an tigens r e 
cognized b y  th ese  an tib o d ies . A te s t  for th is  an tig en  in  C SF w as fu rth e r  d ev e l
oped  [5].
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T he b ind ing  ch a rac te ris tic s  of th e  a n tib o d y  CL3 allow ed th e  a ffin ity  
p u rifica tio n  of a sim ilar an tig en  to  th a t  occurring  in  CSF from  th e  form am ide 
e x tra c t. T he chem ical n a tu re  of th e se  an tigens is u n d e r in v es tig a tio n . H ow ever, 
p re lim in ary  resu lts  in d ica te  th a t  th ese  are surface lo ca ted  n o n -p ro te in  and  
c a rb o h y d ra te  con ta in in g  an tig en s, w hich are of h igh  m olecular w eigh t, h igh ly  
acidic and  co va len tly  linked  to  th e  cell wall.
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THE USE OF MONOCLONAL ANTIBODIES AGAINST 
LISTERIA MONOCYTOGENES IN A DIRECT 

IMMUNOFLUORESCENCE TECHNIQUE FOR THE 
RAPID PRESUMPTIVE IDENTIFICATION AND 

DIRECT DEMONSTRATION OF LISTERIA  IN FOOD*

J .  M c L a u c h l i n , A . M . R i d l e y  and A . G . T a y l o r

D ivision  o f  M  icrobiological Reagent and  
Quality Control, Central P ublic Health Laboratory , 

Colindale, Lon d o n , B rita in

(R eceived S ep tem b er 16, 1988)

Two m onoclonal an tibod ies w hich recognise  serogroup specific  cell surface  a n tig e n s  o f 
Listeria  monocytogenes are described. The a n tib o d ies  were specific fo r Listeria  (i. e. d id  n o t  re a c t 
w ith  87 s tra in s  o f b ac teria  from  14 o th e r genera). In  an  in d ire c t im m u n o flo u rescen t te s t  th e  
an tib o d ies h ad  sim ilar specificities w hen te s te d  ag a in s t stra ins o f L . monocytogenes from  h u m an  
in fec tions g row n u n d e r a nu m b er of d iffe ren t g row th  conditions, a n d  serological re fe ren ce  
stra in s . A d irec t im m unofluo rescen t an tib o d y  te s t  was developed, and  sim ilar specificities of 
th e  an tib o d ies  fo u n d  w ith  stra in s  of Listeria  w h ich  had  been iso la ted  from  food and  g row n  u n 
der 2 d iffe ren t g row th  conditions. T his tech n iq u e  is also used to  d irec tly  d em o n s tra te  L isteria  
in  soft cheese.

T he iso la tio n  an d  id e n tific a tio n  o f Listeria  sp. from  env iro n m en ta l sp ec i
m ens is la b o u r in ten siv e  and  tim e  consum ing . H ence th e re  is a need fo r ra p id  
id en tif ic a tio n  techn iques. W e re p o rte d  h ere  th e  specificities of an tibod ies from  
2 cell lines secre ting  m onoclonal an tib o d ies  against L isteria  monocytogenes, 
describe th e ir  use as an  aid to  a ra p id  p resu m p tiv e  id en tif ic a tio n  of cu ltu re s  
grow ing in  v itro , an d  also th e ir  use in  d irec tly  d em o n stra tin g  Listeria  in  soft 
cheese.

Materials and methods

F ro m  a panel o f seven teen  stab le  m ouse h ybridom as secre ting  a n ti-Listeria  a n tib o d ies  
w hich were p ro d u ced  as described  prev iously  [1], an tib o d y  from  2 cell lines (designated  CL2 
an d  CL17) w ere selected.

A to ta l  o f 187 stra in s  of Listeria  (T able I) w ere grown a t 37 °C on e ith e r Difco T ry p to se  
A gar, H orse B lood A gar, n u tr ie n t  b ro th  or b ra in  h e a r t  infusion b ro th . B acteria  from  14 o th e r  
genera  (87 s tra in s )  w ere grow n on blood a g a r as app ro p ria te . T he genera  of b ac teria  te s te d  
w ere (n um bers o f s tra in s  te s te d  are show n in  paren theses): Arthrobacter (1), B acillus  (15), 
B ifidobacterium  (1), Brevibacterium  (2), Brochothrix  (1), Cellulomonas (2), C lostridium  (15), 
Cory neb act er ium  (6), E rysipelo thrix  (7), Escherichia  (5), K urth ia  (1), Lactobacillus (3), S taphylo 
coccus (14), Streptococcus G roup В (5), Streptococcus G roup D (9). All s tra in s  of b ac te ria  w ere
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killed in  fo rm alin , and te s te d  in  an  ind irect im m u n o flu o rescen t a n tib o d y  te s t  as described 
prev iously  [1]. F luorescein  iso th io cy an a te  (F IT C ) co n ju g a tes  were p re p a re d  as described 
prev iously  [2] and  a d irec t im m unofluo rescen t a n tib o d y  te s t  developed.

S u b cu ltu re s  of Listeria  w h ich  had  been iso la ted  from  food and  su b m itte d  to DMRQC 
were id en tified  an d  serogrouped  as described p rev io u sly  [3]. S tra ins were cu ltu red  overn igh t a t  
37 °C on e ith e r M odified M cB ride A gar or Blood A gar. B acteria l g row th w as em ulsified  to give 
a sligh tly  tu rb id  suspension in  P B S  (Dulbecco A), n o rm al yolk sac (p rep a re d  in  DM RQC) 
added  (final co n cen tra tio n  0 .0 2 % , v /v ), and a d irec t fluo rescen t a n tib o d y  te s t  carried  ou t as 
above.

Soft cheeses were o b ta in e d  from  reta il o u tle ts  in  B rita in  and w ere ex am ined  and q u a n 
tita tiv e ly  en u m era ted  for L . monocytogenes by  T he F o o d  H ygiene L ab o ra to ry , Colindale, using 
co n ven tional techn iques [4]. A sam ple  of soft cheese w as em ulsified in to  p ep to n e  w a ter (1 : 10, 
w /v), cen trifuged  a t  2000 g  fo r 15 m in, and the  su p e rn a ta n t  discarded. A suspension from  th e  
to p  of th e  deposit was m ade , a n d  th is  was added a t  several d ilu tions to  wells on P T F E  coated  
m iscrocope slides. Slides w ere a ir  d ried , fixed by  to ta l  im m ersion  in ace to n e  fo r 10 m in, an ti-  
b o d y-F IT C  con jugate  ad d ed  to  each  well, and in c u b a te d  a t  37 °C for 30 m in . T he slides were 
finally  w ashed  in PB S (10 m in ), a ir dried, and  ex am in ed  by fluorescence m icroscopy. T he 
an tibod ies w ere added  to  w ells sep a ra te ly  and also as a m ix tu re  o f th e  2 an tibod ies . All te s ts  
were carried  o u t w here th e  re su lts  o f culture and  id en tif ic a tio n  were u n k n o w n  to  th e  reader of 
th e  slides.

Results

T he reac tio n  o f th e  an tibodies w ith  s tra in s  of Listeria  grow n on Difco 
T ry p to se  A gar, to g e th e r  w ith  o ther species of b ac te ria  is show n in T able I. 
No differences w ere o b se rv ed  betw een th e  reac tio n s of th e  s tra in s  of Listeria  
serogroups 1/2, 3 or 4 w h en  grown on D ifco T ryp tose , B lood  A gar, N u trie n t 
B ro th  or in  B ra in  H e a r t  In fusion  B ro th . T h e  m onoclonal a n tib o d y  CL17 r e 
ac ted  w ith  alm ost all s tra in s  of L . monocytogenes serogroup 1/2 an d  serogroup 
3, an d  th e  ty p e  s tra in  o f  Listeria  seeligeri. T h e  an tib o d y  CL2 reac ted  w ith  all 
s tra in s  of L . monocytogenes serovar 4b , som e L . monocytogenes serogroup 4, 
an d  all Listeria  innocua  se ro v ar 6a. N e ith e r  a n tib o d y  re a c te d  w ith  any  of th e  
o th e r species of L isteria , n o r  w ith  th e  s tra in s  from  o th e r genera  te s ted . S tra in s  
of Staphylococcus aureus , how ever, d id  re a c t  non-specifically  in  th e  im m u n o 
fluorescence te s t . T hese reactions w ere n o t observed  w hen th e  S. aureus cu l
tu re s  w ere p re - tre a ted  w ith  norm al ra b b it  se ra  and  d irect F IT C /an tib o d y  co n 
ju g a te s  used. Since th e se  s tra in s  are kn o w n  to  co n ta in  Fc recep to rs  on th e  cell 
surface, th e se  reac tio n s  w ere p robab ly  o f a non-im m unospecific  n a tu re .

T he specificities o f th e  m onoclonal an tib o d ies  against s tra in s  of Listeria  
iso la ted  from  food a n d  cu ltiv a ted  on M odified  M cB ride’s A gar (110 s tra in s) 
an d  B lood A gar (192 s tra in s)  are show n in  T ab le  I I ,  an d  th e se  were sim ilar 
to  th o se  prev iously  r e p o r te d  for clinical iso la tes (Table I).

R esu lts  of d irec t ex am in a tio n  of 35 so ft cheeses is show n in T able I I I .  
S im ilar resu lts  w ere o b ta in e d  w hen th e  an tib o d ies  w ere a d d ed  to  wells to g e th e r  
or sep a ra te ly . L isteria  o f  th e  co rrespond ing  serogroup to  th e  s tra in s o f L . 
monocytogenes iso la ted  using  co n v en tio n a l techn iques w ere d irec tly  d em o n 
s tra te d  using  th e  an tib o d ie s  in  7 sam ples o f  cheese. L isteria  w ere no t d e tec ted  
using  th is  m eth o d  in  20 cheese sam ples w here  L . monocytogenes was p re sen t 
in  low  num bers (< H 0 2/g), or was n o t iso la ted .
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T ab le  I

Results o f  specificity testing o f  two anti-L isteria monoclonal antibodies against 187 strains o f  Listeria  
and 87 strains o f bacteria fro m  14 other genera

N o. o f  s tra in s  o f  b a c te ria  w hich  
reac ted  w ith  th e  a n tib o d y /to ta l  

n u m b er  o f  s tra in s
S tra in s  o f  b a c te ria  •--------------------------------------------------------

A n ti-L isteria  monoclonal an tib o d y

CL2 CL17

L. monocytogenes serogroup 1/2 0/14 50/52
L . monocytogenes serogroup 3 0/12 11/12
L. monocytogenes serovar 4b 77/77 0/12
L . monocytogenes serogroup 4 n o t 4b 13/24 0/6
L. monocytogenes serovar 7 0/1 0/1
L. innocua serovar 6a 5/5 0/5
L . innocua serovar 6b 0/5 0/5
L. welshimeri 0/1 0/1
L . seeligeri 0/1 1/1
L . ivanovii 0/6 0/6
L . murr ay i 0/1 0/1
L. grayi 0/1 0/1
L . denitrificans 0/1 0/1

O ther species o f bacteria 0/87 0/87

D iscussion

W h en  te s te d  against, s tra in s  o f L . monocytogenes, th e  tw o  m onoclonal 
an tib o d ies  w ere b ro ad ly  serogroup  specific , how ever, n e ith e r  re a c te d  id e n 
tic a lly  to  th e  fac to rs described  in  th e  D onker-V oet/Seeliger an tig en ic  schem e
[5] . T h is suggests th a t  th e  an tigens d e tec ted  here are  re la te d  to , b u t  a re  n o t 
n ecessarily  iden tica l w ith  th o se  recogn ized  in  th is  schem e.

A ntigen ic  cross reac tio n s b e tw een  L . monocytogenes an d  m a n y  o th e r 
species of b ac te ria  h av e  been  rep o rted . T h e  m onoclonal an tibod ies described  
here  w ere show n to  be specific  for c e r ta in  serovars o f Listeria . H ow ever, th e  
p o ssib ility  o f cross-reactions w ith  o th e r genera can n o t be en tire ly  excluded  
since on ly  a lim ited  range of b a c te ria  w ere te s te d  here. I n  ad d itio n , th e se  s tra in s  
w ere cu ltu red  using a single g row th  m ed ium  and  it  shou ld  he b o rn e  in  m ind  
th a t  th e  cell surface an tigens of b a c te ria  m ay  change w ith  cu ltu re  cond itions
[6 ] . T he m onoclonal an tib o d ies  described  here , how ever, re a c te d  w ith  L . m ono
cytogenes w hen  grow n u n d e r  a n u m b er o f d ifferen t cond itions (inc lud ing  in  
v ivo , [7]) w hich suggests th a t  th e  an tigens d e tec ted  a re  stab le  ch a rac te rs .

T hese reagen ts w ould  give a ra p id  p resu m p tiv e  id e n tif ic a tio n  fo r over 
90%  o f L . monocytogenes iso la ted  from  food w hen grow ing on M odified M cB ride
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T able  I I

Reaction o f  monoclonal antibodies w ith  strains o f  Listeria isolated fro m  food  using a direct im muno-
fluorescent antibody test

N o . o f  
s tra in s

Species o f  
L is te r ia  

(se ro g ro u p )

N o. o f  cu ltu res  w h ich  rea c ted  w ith  
th e  m onoclonal an tib o d ies P ro p o rtio n  

rea c tin g  w ith

CL17 CL2

Haemolytic strains cultured on blood agar (n =  102)

96 L . monocytogenes to ta l 53 40 0.97

54 L. monocytogenes (1/2) 53 0 0.98
1 L . monocytogenes (3) 0 0 0.0

40 L. monocytogenes (4b) 0 40 1.0
1 L . monocytogenes (NT) 0 0 0.0
6 L . seeligeri 3 0 0.5

Non-haemolylic stra ins cultured on blood agar (n =  90)

84 L. innocua 0 6 0.07
6 L . welshimeri 0 0 0.0

Strains cultures on M o d ifie d  M e B ridget5 agar (n =  110)

56 L . monocytogenes to ta l 28 24 0.93

30 L. monocytogenes (1/2) 28 0 0.93
1 L. monocytogenes (3) 0 0 0.0

25 L . monocytogenes (4) 0 24 0.96

54 other species o f Listeria 0 2 0.03

N T  =  non ty p ab le
S tra ins of Listeria  w ere in cu b a ted  overnight a t  37 °C e ith e r on H orse Blood Agar, or on 

M odified M cBride’s A gar

T ab le  I I I

Results o f  the direct exam ination  o f  35 samples o f soft cheeses fo r  the presence o f  Listeria using a 
direct im m unofluorescent antibody test

N o. o f 
cheeses 
tes ted

R e su lts  o f  cu ltu re  (viable 
c o u n t  o f  L . monocytogenes/g 

o f  cheese)

R esu lts  o f  th e  IF A  
te s t  w ith  th e  an tib o d ies

CL17 CL2 B o th

2 L . monocytogenes 1/2 ( >  104/g ) + — +
2 L . monocytogenes 1/2 ( <  103/g ) + — +
3 L .  monocytogenes 4b ( >  107/g ) — + +

8 L . monocytogenes ( >  104/g ) — — —

10 L . monocytogenes ( <  102/g ) — — —

10 N o t de tected - - -
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A gar, w hile less th a n  10%  of s tra in s  o f o th e r species o f Listeria  w ould  be  m is- 
id en tified . L . innocua  and  L. monocytogenes are  th e  species of L isteria  m ost 
fre q u e n tly  iso la ted  from  soft cheese [4]. These tw o  species can he d iffe ren c ia ted  
b y  d e m o n s tra tio n  o f haem olysis on  th e  blood ag ar. C om bining th e  re su lts  
of th e  te s ts  fo r haem olysis w ith  th o se  for th e  im m unofluorescence, ju s t  over 
5%  o f all s tra in s  te s te d  here w ould  b e  m isiden tified .

Two m onoclonal an tibodies co n ju g a ted  to  F IT C  w ere successfully  used  
in  a d irec t im m unofluorescence te s t  to  d em o n stra te  Listeria  in  7 sam ples of 
soft cheese w here  L . monocytogenes h a d  been c u ltu re d  b y  conven tiona l te c h 
n iques. L isteria  w as n o t de tec ted  in  18 cheese sam ples from  w hich L . monocyto
genes h ad  been  c u ltiv a te d , or was p re se n t in  low n u m b ers  (< A 02). I t  is o f n o te  
th a t  th e  8 cheese sam ples co n ta in in g  > 1 0 4 L . monocytogenes/g an d  w here 
Listeria  was n o t d e m o n s tra te d  u sing  th e  an tib o d ies , all co n ta ined  r in d s , an d  
th e  cheeses w here  Listeria  was d e m o n s tra te d  w ere o f  a hom ogeneous n a tu re . 
W ork  is c u rre n tly  u n d erw ay  to  m o d ify  th e  sam ple  p re p a ra tio n  to  allow  th e  
d e tec tio n  of L isteria  in  soft cheeses w ith  rinds, as w ell as o th e r en v iro n m en ta l 
sam ples.

A ltho u g h  b o th  th ese  an tibod ies ap p eared  specific  fo r Listeria  (T able I), 
f lu o rescen t b a c te r ia  o f differing m orpho logy  w ere seen in  some sam ples of 
cheese w ith  CL17. T h is fluorescence m ay  have been  due to  non-specific  in 
te ra c tio n s , or re p re se n t tru e  serological reac tions w h ich  have  prev iously  n o t 
been d e tec ted .

T he te s ts  described  here for p re su m p tiv e  id e n tif ic a tio n  and d irec t d em 
o n s tra tio n  in  soft cheese can b o th  b e  perfo rm ed  in  u n d e r 2 h, and we believe 
th a t  th e se  m ay  be  o f use in  th e  ra p id  id en tif ic a tio n  o f env iro n m en ta l sam ples 
co n tam in ed  w ith  L . monocytogenes.
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BOOKS RECEIVED

D E C H E M A  B iotechnology Conferences Vol. 2 (D . B ehrens and P. K rä m e r, E ds.) L ectures held  
a t  A C H E M A ’88, J u n e  5/11, 1988 B IO R E A C T O R S , D O W N ST R E A M  PR O C E S SIN G , 
P R O C E S S  AND R E A C T O R  M O D E L L IN G , B IO P R O C E S S E S  V C H  V erlagsgesellschaft, 
W ein h e im —B asel—C am b rid g e—New Y ork, D ecem b er 1988 P a p e rb ac k , 467 pages; 207 figu res 
an d  50 tab les  -  DM 199.00 or US f  69.00.

T he vertical d ev e lo p m en t of B io techno logy  has been o verv iew ed  a t th e  Conference a t  
A chem a (FR G ). The m a jo r i ty  o f the papers h a s  been com pleted  w ith  E nglish , G erm an, an d  
F re n c h  sum m aries. M ost o f th e  p resen ta tions a re  w ritten  in E n g lish  w ith  tw o exeptions (these  
m an u scrip ts  use G erm an lan g u ag e  instead).

O xygen up tak e  r a te s  m easured, and th e  lines of o p e ra tio n  w ere calcu la ted  for p ilo t 
scale b u b b le  colum n or a ir l if t  b ioreactors of 2000 1, and com pared  w ith  th e  d a ta  of a p ro d u c tio n  
scale b io reacto r of 32 000 1 b y  B auer  et al. P ro d u c tiv ity  of Pseudom onas fluorescens , and  t h a t  
o f M ethylom onas dara  w as m easured  c o n tin u o u sly  cu ltiv a ted  u n d e r  increased  pressure by  
L i e f k e  and On k e n .

T he B o d e n s t e in -n u m b e r  was c a lcu la te d  for the  c h a ra c te riz a tio n  of g row th of Zym o- 
m onas mobilis in p ilo t scale  ho rizon tal tu b u la r  plug flow b io rea c to rs  b y  KÜNG et al. T hese  
d e ta ils  o f industria l im p o rta n ce  are followed b y  th e  work of Sára  e t  al., who rep o rted  on an  
ex c itin g  new  developm ent o f general biological im p o rtance , i.e. th e  p rac tica l use of e x te rn a l, 
b ac te ria l crystalline p ro te in  layers (S-layers) fo r m olecular u l tra f i lt ra t io n . O ther in te res tin g  
a lte rn a tiv e s  of d o w nstream  processing were t r e a te d  by  B o mberg  e t al. (cell d isin teg ra tion ), 
B uchholz  e t al. (enzym e im m obilization), E n gl a n d  e t al., an d  Ma r t in e z  e t al. (p ro d u c t 
p u rif ic a tio n ) followed b y  th e  p ap er of Ga n e t s o s  e t al. (reac to r-sep a ra to r).

Prob lem s of m ix ing , on  line m o n ito rin g , and process co n tro l o f fe rm en ta tio n  processes 
w ere m odelled by the th ird  g ro u p  of au th o rs  ( J u r y  et al., Va l e r o  e t al., and  Sch öne  e t al.). 
B ioprocesses of m icrobial a n d  m am m alian  cell cu ltu res  are in te re s tin g  fo r th e  viro logist rev iew 
er. Czerm a k  e t al. desc rib ed  m em brane re a c to rs ;  N arod  o sl a w sk y  e t al. tw o phase system - 
reac to rs . N -d em eth y la tio n  o f codein and t e r t ia r y  am ines ( E n g l a n d  et ah), conditions o f 
o x id a tio n  of aldehydes b y  x a n th in e  oxidase in  rev ersed  micelles ( B ommarius  c t ah), en zym atic  
fo rm a tio n  of o ligosaccharides (T h ie m  et ah), a n d  successful leach in g  of Fe, Cu, and Zn w ith  
m ix tu re s  of Thiobacillus- a n d  Leptosp irillum -like  bac teria  ( H e l l e  e t al.) are sum m arized .

H äggström and A r t h u n  describe a se p tic  processing c o n d itio n s for m ass p ro d u c tio n  
of h y b rid o m a  cells app lied  in  th e  p robably  la rg e s t  Sw edish p la n t, w h ich  could be ru n  6 m o n th  
w ith o u t co n tam ination ; d is til le d  w ater, f i l t r a tio n , valves, m ix ing , d is tr ib u tio n , pum ping  and  
h a rv e s tin g  of m am m alian  cells is m entioned. A ccord ing  to th e  conclusion  o f T olbert  “ A larg e  
n u m b er o f b io p h arm aceu tica ls  will require m am m alian  cell cu ltu re  p ro d u c tio n , re su ltin g  in  a 
d ra m a tic  increase in th e  d e m a n d  for th is c a p a b ili ty  . . F in a lly  H a lm an n  e t al. re p o rts  on 
m esh -ae ra tio n  of suspension  cu ltu res  (B H K -21) ,  and  Go ldring  e t al. on  large  scale p u rifica tio n  
of m onoclonal antibodies.

T he papers on b ioprocesses are co v erin g  tw o topics, b o th  o f o u ts tan d in g  im p o rtance . 
T hese p rob lem s m ay d e te rm in e  the  fu tu re  o f  life on th e  Globe. (1) T he p ro d u c tio n  of f lu id  
fuels, i.e. e thano l from  d if fe re n t sources b y  v a r io u s  procedures in c lu d in g  genetic  im p ro v em en t 
of so ja  as source of fuel. (2) E n v iro n m en ta l b io tech n o lo g y , i.e. e lim in a tio n  o f organic com pounds 
from  a ir, h eavy  m etals a n d  su lp h u r from  w a s te  w a ter by  aerob ic  an d  anaerob ic  p rocedures 
ap p ly in g  d ifferen t m ix ing  a n d  areation  technolog ies.

T he Reviewer has to  re fe r  to the book i ts e l f  concerning d e ta ils  an d  au th o rs . T he volum e 
is recom m ended  for all w ho  a re  in  con tact w ith  b io technology , in d u s tr ia l  m icrobiology, vaccine  
p ro d u c tio n , separation  tec h n o lo g y  and for th o se  who are teach in g  or in te re s ted  in prob lem s of 
th e  * v ironm ent.

(D r. György Berencsi)
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INSTRUCTIONS TO AUTHORS

M an u scrip ts  a re  accepted  o n  th e  basis o f sc ien tific  significance a n d  su itab ility  fo r  
p u b lica tio n  on th e  u n d e rstan d in g  th a t  th e y  h av e  n o t been  pub lish ed , su b m itte d  or accep ted  fo r  
p u b lica tio n  e lsew here . Acceptance d e p en d s  on  th e  o p in io n  o f  one or m ore  referees and  th e  d e c i-  ' 
s ió n  of th e  E d ito r ia l  B oard . P ap e rs  a cc ep te d  fo r p u b lic a tio n  a re  su b je c t to  editorial re v is io n .

M A N U S C R IPT  S T Y L E

M an u scrip ts  m u s t he in E n g lish  a n d  c learly  a n d  concisely  w ritte n . T h e y  should he ty p e d  
d o u b le  spaced w ith  w ide m argins. T w o copies o f th e  m a n u sc r ip t shou ld  b e  su b m itted .

F O R M  OF M A N U S C R IP T

Title. T h e  t i t l e  should  he a c lea r  a n d  concise s ta te m e n t o f th e  c o n te n ts  in  no t m ore t h a n  
14 words. A s h o r t  ru n n in g  title  o f  n o t  m ore  th a n  40 le t te r s  should  also  b e  supplied. T h is  is  
fo llow ed  by  th e  a u th o r s ’ in itials (full f i r s t  n am e  o f w om en) a n d  su rn am e, a n d  th e  nam e o f th e  
in s t i tu t io n  w here th e  w ork  was done.

A bstract. T h is  should  no t exceed  200 w ords a n d  sh o u ld  ou tline  b r ie f ly  th e  purpose o f t h e  
s tu d y  and  d e ta il im p o r ta n t fin d in g s a n d  th e  a u th o rs ’ p rin c ip a l conclusions. R e d u n d a n t  
p h ra se s , generally  k n o w n  in fo rm atio n  a n d  re p e titio n  sh o u ld  be  avo ided .

In tro d u ctio n . T h is  p a r t  should  s ta te  b riefly  th e  n a tu re  a n d  p u rp o se  o f  th e  work an d  c ite  
r e c e n t  im p o rta n t w o rk  b y  others.

M aterials a n d  m ethods. D escribe  m icroorgan ism s, m e th o d s , a p p a ra tu s ,  procedure a n d  
s ta tis t ic a l  m e th o d s in  sufficient d e ta il to  allow  o th e r  a u th o rs  to  rep ro d u ce  th e  resu lts . This p a r t  
m a y  have su b h e a d in g s  like “ B acteria l s tra in s”  o r “ C u ltu re  m ed ia” .

Results. T h e  experim en tal d a ta  sh o u ld  b e  p re sen te d  c learly  a n d  concisely . A void r e 
p e a tin g  in fo rm a tio n  p resen ted  in  ta b le s  a n d  figures.

D iscussion sh o u ld  be focussed on  th e  in te rp re ta tio n  o f ex p e rim e n ta l findings. Do n o t  
r e p e a t  lite rary  d a ta  p resen ted  in th e  In tro d u c tio n  or in fo rm a tio n  g iven  in  R esu lts .

A cknow ledgem ent o f g ran ts a n d  tech n ica l help.
R eferences. C ite  only essential references. T h ey  sh o u ld  he  a rra n g e d  in  num erical se

q u e n ce  as c ited  in  th e  te x t ,  where th e  n u m b ers  a p p ea r (in  p a ren th eses) w ith  o r w ithout th e  
a u th o r 's  name. e .g . E d e n  and H a n sso n  [1], F ra n k e l [2 ]. G e lb art e t a l.  [3] o r [1, 2]. T h e  
re fe ren ce  list a t  t h e  e n d  of th e  p ap er sh o u ld  co n ta in

— for jo u rn a ls : n am es and in itia ls  o f  a ll au th o rs , jo u rn a l t i t le  a b b re v ia te d  according to  th e
style used  in  In d e x  Medicus, v o lu m e  n u m b er, p a g in a tio n , year.

— for hooks: n a m e s  and  in itia ls  o f  au th o rs /ed ito rs , t i t le ,  p u b lish er, p lace  and y ear o f
pub lica tion , p a g e  num ber.
Address o f  th e  au th o rs . The (fu ll) n am e  a n d  m ailing  ad d ress o f th e  a u th o rs  should b e  

g iv e n  a fte r the  re fe re n ce  list.
Tables. T h ey  sh o u ld  be ty p ed  on  se p a ra te  shee ts a n d  h av e  a concise h e ad in g  each. T ab les  

a r e  to  he  n u m b ered  sequen tia lly  b y  R o m a n  num bers.
Figures. G o o d -q u a lity  glossy p r in ts  o f  h a lf-to n e  illu s tra tio n s  an d  c le a r  line  draw ings in  

I n d ia n  ink  are a c c e p te d . T he num ber o f  th e  figu re , th e  a u th o r’s n am e, a n d  th e  to p  of th e  fig u re  
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