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NON-TOXIN VIRULENCE FACTORS OF BACTERIAL 
ENTERIC PATHOGENS 

(A REVIEW)

I . KÉTYI

In stitu te  o f  M icrobiology, U niversity  M edical School,

(R ece ived  J a n u a ry  12, 1983)
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In tro d u c tio n

Since th e  so lu tion  of som e p ro b lem s of th e  en te ric  p a th o g e n ic ity  oi 
b a c te r ia  a new  “ golden e ra ”  seem s to  a rr iv e  in th e  re sea rch  o f th is  p a r t ic u la r  
fie ld  o f b ac te rio lo g y . Som etim es b y  m eans o f new  ap p ro ach es  su ch  as our 
grow ing  know ledge o f p lasm ids, so m e tim es  b y  red isco v ery  o f old m e th o d s  e.g. 
th e  D ean  te s t  fo r cholera  to x in , n ew ly  d iscovered  fac to rs  o f v iru le n c e , o r a 
n ew  in te rp re ta tio n  o f  know n fa c to rs  a re  th e  re su lts  o f th is  re sea rch . O u r p o in ts  
o f  v iew  have, how ever, also c h a n g e d : som e of th e  fac to rs  are  n o t d e te rm in in g  
o r n o t  essential com ponen ts of th e  v iru len ce , h u t  h av in g  an  a d d itiv e  ro le  one 
or m ore of th e se  fac to rs  ga in ed  a m a rk e d  in fluence  o f th e  p a th o g e n ic ity . 
G en era lly  speak ing , it  m ust he em p h asized  th a t  m an y  en te ric  p a th o g e n s  are 
or m a y  be im p o r ta n t  agen ts in  e x tra in te s t in a l  in fec tions, too . W ith  th e  d ev e l­
o p m e n t of hyg ien ic , n u tr itio n a l a n d  socio-econom ic aspec ts  th e re  is a déclin-

I vXn  K  ét y  1
In s ti tu te  of Microbiology, U niversity Medical School 
Szigeti ú t 12, H-7643 Pécs, Hungary
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2 K É T Y I

in g  sign ificance, e sp ec ia lly  quo ad vitám , o f  en te ric  d is tu rb an ces  a n d  th e  e x tra -  
in te s t in a l  in fec tions g a in  m ore  an d  m ore s ig n ifican ce . A ccord ing  to  d a ta  o f th e  
H u n g a r ia n  N a tio n a l I n s t i tu te  o f H yg iene  su m m arized  b y  L án y i [1], a b o u t 
6000 s tra in s  o f E scherich ia  coli are iso la ted  a n n u a lly  in  H u n g a ry  from  d ia rrh o ea l 
d iseases w ith o u t f a ta l  consequences, b u t  60 000 s tra in s  o rig in a te  from  e x tra -  
in te s t in a l  in fec tions w h ich  o ften  h av e  severe  d ire c t a n d  fre q u e n tly  la te  sequelae 
e.g . p y e lo n ep h ritis .

1. The adhesins

1 .1 . M annose sensitive , com m on fim briae

In  1955 w hen  D u g u id  e t al. [2] p u b lish e d  th e  d iscovery  o f filam en to u s  
a p p en d ag es  called  “ f im b r ia e ”  in  E . coli, adhesiv en ess  a new  asp ec t o f th e  
p a th o g e n ic  process h a s  b een  recognized. L a te r  th e  w ork ing  group  o f D ugu id  
[3 -6 ]  described  n u m e ro u s  im p o r ta n t fe a tu re s  o f  f im b ria e  such  as th e ir  haem ag- 
g lu tin a tin g  c a p a c ity  a n d  ep ithe lia l ad h e ren ce , th e ir  d is tr ib u tio n  am ong  
Enterobacteriaceae, th e i r  d iffe ren t ty p es , th e  in h ib ito ry  effect o f D -m annose, 
a n tis e ra , etc. (T able I).

T he d irect h a e m a g g lu tin a tin g  a c tiv i ty  as w ell as th e  ep ith e lia l ad h esiv e ­
n ess  suggested  a p a th o m e c h a n ism  in  w h ich  th e  fim b riae  m ay  h av e  an  im ­
p o r ta n t  fun c tio n . I t  is p a rad o x ica l th a t  in  sp ite  o f  m uch  e ffo rt th e  resu lts  a re  
in co n c lu siv e  an d  m a in ly  n eg a tiv e . T o d ay  i t  is im possib le  to  exclude th e  m a n ­
nose  sensitive  h a e m a g g lu tin a tin g  group (M SH A ) o f fim b riae  in  en te ric  or

Table I

T ypes o f  common fim briae according to Duguid [7]

Fim bria
classifi­
ca tion

H ost genera 
carrying fim briae

w idth (nm)

M orphological da ta  

length (/tm) No./cell

H aem agglutination
properties

l Escherichia, K lebsiella , 
Enterobacter, Shigella ,

2
Salmonella, etc.

A few Salmonella sero-
7-10 0.2- 2.0 50-400 MS

3

types

Klebsiella, Serra tia ,

identical w ith ty p e  1 non-haem aggluti-
na ting

3 Proteus 5 0.2- 2.0 400-700 M R on tann ic  acid 
p re trea ted  cells

4 Proteus 4 2-6 ? M R
5 Pseudomonas echinoides 5 2 -6 10-20 p o lar MS
6 Klebsiella ozaenae 10 10 10-20 non-haem aggluti-

n a tin g

MS =  D-mannose sen sitive , M R =  m annose r e s is ta n t  haem ag g lu tin a tio n  capacity . The 
haem ag g lu tin a tin g  a c tiv ity  h a s  m o stly  a wide spectrum T or th e  red  blood cells of d ifferen t anim als

A cta  Microbiologica Hungarica 31, 1984



N ON-TOXIN V IR U L E N C E  FACTORS 3

o th e r  adhesiveness, b u t  if  such a c tiv i ty  ex is ts , i t  seem s to  he ra th e r  w eak  a n d  
o f  lim ited  sign ificance. On th e  o th e r  h a n d , th e  ch a ra c te ris tic  in v itro  su rface  
pellicle fo rm a tio n  o f  b ro th  cu ltu re s  o f f im b r ia te d  s tra in s  w ith  th e ir  h ig h  0 2 
co n su m p tio n  an d  th e  consequen t ra p id  g ro w th  m a y  suggest an e n v iro n m e n ta l 
a d v a n ta g e  [8]. A ccord ing  to  D u g u id  e t al. [9] th is  effect can he d e m o n s tra te d  
in  ex p e rim en ta l o ra l salm onella in fec tio n  o f  m ice.

T here  is a s im ila r p rob lem  o f adh esiv en es or i ts  lack  in th e  case o f  e x tra -  
in te s tin a l, especially  o f u r in a ry  t r a c t  in fec tions. U n d e r exp erim en ta l c o n d itio n s  
com m on fim b riae  o f  Klebsiella p n eu m o n ia e  seem  to  be th e  m ed ia to rs  o f  co ­
lo n iza tio n  foci on th e  b lad d er ep ith e liu m  o f r a ts  [10]. C oncerning h u m a n  
u ro ep ith e lia l adhesiveness S ch aefte r e t al. [11] o b se rv ed  a high b a c te r iu m /e p i-  
th e lia l cell ra tio  (5000 : 1) o p tim a l fo r E . coli, considering  i t  a sign o f  low  r e ­
c e p to r d en sity  fo r com m on fim b ria e . M icrobio logists o ften  tak e  in to  a c c o u n t 
o n ly  th e  ep ith e lia l su rface , w ith o u t its  rich  g ly co ca ly x  an d  m ucous co v er. In  
th is  re sp ec t, 0 r s k o v  e t al. [12] d e m o n s tra te d  t h a t  th e  com m on (ty p e  1) f im ­
b riae  o f E . coli h a v e  adhesiveness n o t  to  th e  e p ith e lia l surface, h u t  to  m u cu s . 
T he su b stan ce  c a rry in g  recep to rs  in  th e  u ro m u co id  is th e  T am m - H o rsfa ll 
g lyco p ro te in  r ich  in  D -m annose. A ccord ing  to  th e  0 rsk o v s ’ opinion th e  co m ­
m on fim b riae  a re  n o t  v iru lence  fa c to rs , h u t  even  th e  “ m ucus tr a p p in g ”  is an  
im p o r ta n t  p a r t  o f th e  host defence.

A n eg a tiv e  op in ion  em erged from  th e  s ta t is t ic a l  p o in t of v iew , to o , as 
ty p e  1 fim b riae  are  p resen t in  50—7 0 %  of E . coli s tra in s , being m ore co m m o n  
th a n  are  th e  p a th o g en ic  s tra in s  [13].

Som e m is in te rp re ta tio n  m ay  h a v e  arisen  fro m  th e  d a ta  of h a e m a g g lu tin a -  
tio n  a c tiv ity , or fro m  in v itro  e x p e rim e n ts  ca rr ied  o u t w ith  ep ith e lia l cells of 
d iffe ren t origin. In  resp ec t of species sp ec ific ity  th e  h aem ag g lu tin a tio n  a c t iv ­
i ty  does n o t re f le c t th e  supposed  ep ith e lia l adhesiv en ess  in  a given a n im a l [14], 
or th e  adhesiveness e.g. to  bu cca l ep ith e lia l cells does n o t n ecessarily  m e a n  
adhesiveness to  e.g. u ro ep ith e lia l cells [15].

T here is genera l ag reem en t to  d esig n a te  all m annose  sensitive h a e m a g lu -  
tin in s  (M SHA) as com m on fim b ria e , th o u g h  som e excep tions in th e  MS c h a r ­
a c te r  (see T ab le  1) a re  know n.

1.2. M annose resistant adhesins

D ete rm in in g  th e  an tigen ic  s tru c tu re  o f a p ig  pa thogen ic  E . coli, a new  
К  an tig en : K 88a ,b  w as described  in  1964 [16]. F u rh e r  rep o rts  th e n  sh o w ed  
th e  tra n sm iss ib ility  an d  p lasm id  coded n a tu re  o f  th e  an tigen  d e te rm in a n t as 
w ell as its  p u re  p ro te in  n a tu re  a n d  f im b ria l m o rp h o lo g y  [17 19]. T h e  im p o r­
t a n t  p a th o g en ic  fu n c tio n  in p ig le ts  o f th e  K 88 fim b riae  serving as ad h esin s  
in  th e  u p p e r p a r t  o f  th e  sm all bow el w as show n b y  S m ith  and  L inggood  [20] 
a n d  Jo n es an d  R u t te r  [21]. In  c o n tra s t  to  th e  ty p e  1 fim briae , th e  K 8 8  fa c to r

I
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is a sso c ia ted  w ith  som e О serogroups o f  E . coli (0 8 , 0 45 , 0138 , 0 1 4 1 , 01 4 7  
0 1 4 9  an d  0157) m o s tly  to g e th e r  w ith  th e  p ro d u c tio n  of e n te ro to x in s  [22] 
(T ab le  I I ) . K 8 8 + cells a re  h a e m a g g lu tin a tin g  guinea-pig  an d  ch ick en  red  
b lo o d  cells in a m an n o se  re s is ta n t m an n er [23]. I n  co n tra s t to  com m on  f im ­
b r ia e  th e  K 8 8 + c h a ra c te r  is s tab le  on solid  a g a r  m edia, b u t is n o t  exp ressed  
u n d e r  18 °C. In  th e ir  o rig in a l p ap er O rskov  e t  a l. [16] d is tin g u ish ed  tw o  a n ­
tig e n ic  v a r ia n ts :  K 8 8 a ,b  a n d  K 88a,c an d  la te r  a th ird  one, K 8 8 a ,d  w as also 
d esc rib ed  [24]. I t  seem s th a t  for these a n tig en ic  d e te rm in a n ts  specific  recep to rs  
a re  p re se n t in  th e  h o s t. In  1975 Sellwood e t  a l. [25] have a lread y  p ro v e d  th a t  
th e  K 88  recep to rs  a re  on th e  b ru sh  b o rd er o f  e p ith e lia l cells of th e  sm all bow el 
a n d  th e y  found  pigs w ith o u t such recep to rs w h ich  were re s is tan t a g a in s t K 88 + 
e n te ro to x ic  E.coli (E T E C ) s tra in s . T oday  f iv e  p ig  p h eno types are  k n o w n  [26] 
sh o w in g  fu ll re s is ta n c e  o r sen s itiv ity  a g a in s t th e  an tigen ic  v a r ia n ts  o f K 88.

In  th e  s im ila r d isease  of calves an d  la m b s  a n o th e r  adhesin , n a m e d  K 99, 
w as fo u n d  [27, 28]. L a te r  Moon e t al. [29] d iscovered  th a t  K 99 can  be an  
a d h e s iv e  fac to r  fo r p ig  p a th o g en ic  ET E C  s tra in s , too . In  th e  sam e y e a r , 1977, 
a th i r d  p ig  specific  a d h e s in  987P was d e m o n s tra te d  [30]. The la te s t  fin d in g  
(1982) is a second c a lf  specific  adhesive fa c to r  F41  [31], b u t  its  ep id em io lo g i­
cal s ign ificance  h as  n o t  y e t  been e lu c id a ted . T h e  adhesins are  n o t o n ly  specific  
fo r th e  h o st o rg an ism , b u t  like K88 th e y  a re  closely  associa ted  w ith  som e
E . coli se rog roups: th e  K 99 w ith  0 8 , 0 9 , 0 2 0  a n d  O101 [28, 32]; th e  987P  
w ith  0 9 , 0 2 0  an d  0 1 4 1  [33, 34]; th e  F41 w ith  0 9  and  O101 [31]. In  th e  case 
o f  K 99  o f p ig le t o rig in  an  association  ex is ts  w ith  th e  0 -g ro u p s 0 6 4  a n d  O101 
[29, 35] (Table I I ) .

A dhesin  K 99 a g g lu tin a te s  horse an d  sh eep  e ry th ro cy tes  in  a m annose  
r e s is ta n t  w ay, w hile th e  F41 agg lu tin a tes  in  a d d itio n  hum an  a n d  gu in ea  pig 
re d  b lo o d  cells [28, 31, 35]. The 987P is a n o n -h a e m a g g lu tin a tin g  ad h esin  [3 6 ].

Table II

Im portant characteristics o f  adhesins carried by enterotoxic E . coli

A dhesin Origin
Association with 

serogroups 
of E . coli

E ry th rocy te
haem agglutinated

Association w ith

ST LT S T + L T

KÍS8 pig 08, 045, 0138, 0141,
0147, 0149, 0157 gu in ea-p ig , chicken + + +

K 99 calf, lam b 08, 09, 020, 0101 h orse , sheep +
pig 064, 0101

987P pig 09, 020, 0141 none + — —

F41 calf 09, 0101 h u m an , horse , sheep,
gu inea-p ig + — —

C F A /I hum an 015, 025, 063, 078 h u m an , bovine,
ch icken + + +

C FA /I1 hu m an 06, 08 b o v ine, chicken — — +
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The asso c ia tio n  o f K 99 , 987P and F41 w ith  e n te ro to x in  p ro d u c tio n  d iffers  
from  K 88 in th a t  th e y  a re  only h e a t-s ta b le  to x in  (ST) p roducers [31, 32, 34, 
37]. See T ab le  II .

In  en te ro to x ic  e n te ro p a th ie s  o f d o m estic  an im als th e re  is a m a rk e d  age 
spec ific ity . Moon an d  W h ip p  [39], as w ell as W alk er an d  N agy [40] show ed  
th e  g ra d u a l decrease in E T E C  su sc e p tib ility  a n d  in th e  n u m b er o f co lon ized  
b a c te ria  in pig lets from  b ir th  to  th e  age o f  5 w eeks. S im ilarly , 3 -day-o ld  ca lves 
or lam b s are  re s is ta n t to  ETEC in fec tio n . T h e re  a re  d a ta  [33] th a t  b a c te r ia l  
g ro w th  in  th e  pig in te s tin e  selectively  en fo rces th e  developm ent o f  f im b ria e . 
In  m odel ex p erim en ts  w ork ing  w ith  K 8 8 + a n d  K 9 9 + E . coli s tra in s  [41] we 
d e m o n s tra te d  in suck lin g  mice an e n ric h m e n t o f  th e  f im b ria ted  s ta te  a t  th e  
age o f  3 to  10 days, w hile a fte r th e  1 4 th  d a y  a ra p id  loss of f im b r ia tio n  w as 
observed . On th e  1 4 th  d a y  of life m ice s t a r t  e a tin g  solid food an d  a ch an g e  oc­
curs in  th e  bow el f lo ra , as b ac te ria  be lo n g in g  to  th e  Bacteroides genus a p p e a r . 
This m a y  be a co incidence; the  m ech an ism  o f  en v iro n m en ta l ( in te s tin a l)  in ­
flu en ce  on f im b ria tio n  is unknow n.

Specific adhesins carried  b y  h u m a n  p a th o g en ic  E TEC  s tra in s  w ere  also 
fo u n d . In  1975 E v a n s  c t al. [42] d esc rib ed  such  a “ C olonization  F a c to r ” . 
A fte r th e  d iscovery  o f  a second ad h esin  th e  fo rm er was desig n a ted  as C F A /I 
(C o lonization  F a c to r  A n tigen  I) an d  th e  new  one as C F A /II. T hese a d h esin s  
are  also h o s t specific fac to rs  ca rried  b y  a lim ited  n u m b er of O -serog roups. 
C F A /I occurs p re d o m in a n tly  in 0 7 8  s tra in s , less freq u en tly  in 0 1 5 , 0 2 5  a n d  
0 6 3  s tra in s . The se rog roups 0 6  and  0 8  a re  C F A /II  carriers. C FA /I is h a e m a g lu - 
t in a t in g  h u m an , b o v in e  an d  chicken, th e  C F A /II  bovine and  ch icken  red  b lo o d  
cells n o t in h ib ited  b y  m annose. T hey  a re  re la tiv e ly  s tab le  on solid a g a r  m ed ia , 
n o t exp ressed  u n d e r 18 °C, Икс K 88 a n d  th e  o th e r  M K llA ’s (T able I I ) .

T he genetics o f  th e  M RH A  h o s t specific  adhesins u n ifo rm ly  show  th a t  
th is  p h en o ty p e  is co d ed  b y  p lasm ids e x c e p t fa c to r  987P. The d e te rm in a n t o f 
K 88 is ca rried  by  an  associate ty p e  p la sm id  [17] of ab o u t 90 Md w h ich  is 
c o n ju g a tiv e , or b y  a n o n co n ju g a tiv e  one o f  a b o u t 51 Md. In  th e  n o n c o n ju g a - 
tiv e  p lasm id  th ere  a re  also freq u en tly  r a f  (ra ffinose  u tiliza tio n ) genes [44] a n d  
th e se  genes are f la n k e d  b y  d irect re p e a ts  o f  IS 1 , form ing  a tra n sp o so n  [45]. 
T he K 8 8 a ,b  d e te rm in a n t itself, coding  a t  le a s t five  p o ly p ep tid es , w as lo c a te d  
b y  th e  gene cloning tech n iq u e  in a 3.4 Md D N A  frg am en t [46]. T he K 99  a d h e ­
sin is coded by  a co n ju g a tiv e  p lasm id  [47], its  size being a b o u t 52 Md [48]. 
T he fra g m e n t c a rry in g  th e  K99 d e te rm in a n t w as 4.5 Md as d e te rm in ed  b y  gene 
c lon ing  [49]. The re ference  s tra in  o f  C F A /I (H 10407) con ta in s a n o n c o n ju g a ­
tiv e  p lasm id  of 60 M d coding ST (h e a t-s ta b le  en te ro to x in ) as well as C F A /I 
[42]. A nalogous d a ta  w ere o b ta in ed  co n cern in g  th e  o th e r C F A /I+ S T + E T E C  
s tra in s . S im ilarly , a n  association  e x is ts  b e tw een  en te ro to x in  p ro d u c tio n  a n d  
C F A /II  expression . T h ey  are also coded  b y  a s in g u la r n o n co n ju g a tiv e  p la sm id  
o f a b o u t 60 Md, b u t  in  th is  case th e  s tra in s  a rc  ST LT p roducers [50].
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In  some cases th e re  is a rem ark ab le  la b il i ty  in  th e  p h en o ty p ic  exp ression  
o f  th e  adhesins. I n  case o f K99 th is  is a w e ll-s tu d ied  phenom enon , w h ich  is 
s im ila r  to  an  o n -o ff sw itch  m echanism  [51]. T h e  sam e m ay  be o b serv ed  w ith  
9 8 7 P  [33] w hich is coded  b y  chrom osom al genes. M oreover, th e  ty p e  1 com m on  
f im b r ia e  show  a c h a ra c te r  like phase v a r ia t io n  [52]. A ph en o ty p ic  rep ressio n  
o f  K 9 9  caused b y  glucose [53] is o f c a ta b o lic  ty p e  [54], an d  also L -alan ine 
a c ts  e ffec tively , rep re ss in g  K 99 and  F41 [55]. In  som e patho log ica l p rocesses 
th i s  v a r ia tio n  b e tw een  f im b ria te d  an d  n o n -f im b ria te d  s ta te  m ay  p ro v id e  an  
e n v iro n m e n ta l a d v a n ta g e  (see la te r).

1 .2 .1 . M annose resistant adhesins fo r  the h u m a n  uroepithelium

T he inconclusive , ev en  n egative  ex p erien ce  concern ing  com m on fim b ria e , 
as w ell as th e  success w ith  M R adhesins in  e n te ro to x ic  en te ro p a th ie s  w ere 
s t ro n g  m o tiv a tin g  fa c to rs  in  th e  search  o f  M R  ad h esin s  responsib le  fo r u roep i- 
th e l ia l  a tta c h m e n t. S uch  M R H A  stra in s  w ere fre q u e n tly  found  am ong  e x tra -  
in te s t in a l  E . coli iso la te s  [56], hav ing  th e  c h a ra c te r is tic  narro w  sp e c tru m  o f 
h a e m a g g lu tin a tio n  c a p a c ity  [57, 58]. T hese s tra in s  o f E . coli w ere an a ly sed  for 
f im b r ia l  an tigens b y  0 r s k o v  et al. [59]; th e y  o b se rv ed  th a t  beside a n o n  fu n c ­
t io n in g  f im b ria  ty p e , called  p seu d o ty p e  1, M R  adhesin  d esigna ted  F 7  w as 
p re s e n t .  The F7 show s tw o  fim b ria l s tru c tu re s  (F 7 j an d  F 7 2) an d  its  b in d in g  
c a p a c i ty  to  buccal a n d  u r in a ry  ep ith e lia l cells has been show n. A n o th e r, 
a n tig e n ic a lly  d is tin c t f im b ria l an tigen , d e s ig n a te d  F 8  an d  carried  b y  u r in a ry
E . coli s tra in s , w as fo u n d  b y  S v an b o rg -E d én  in  Sw eden  (see 0 rsk o v  e t al. [13]). 
O ne o f  th ese  s tra in s  w as iso la ted  in  ou r la b o ra to ry  b y  K uch  e t al. [60]. T his 
ty p e  o f  M R fim b ria  (F 8 ), p rovisorically  d e s ig n a te d  “ 119”  occurred  in ou r
E . coli iso la tes from  u r in a ry  tr a c t  in fec tions in  4 0 %  in c o n tra s t to  th e  faecal 
f re q u e n c y  of th is  H A  p a t te r n  o f 2 .1%  fo u n d  b y  E v a n s  e t al. [61]. The p heno- 
ty ji ic  expression  o f 119 (F8) is in h ib ited  u n d e r  18 °C. I ts  K 88-like f im b ria l 
s t r u c tu r e  was rev ea led  b y  e lec tronm icroscopy . T h e re  is no p roo f of its  p la sm id  
o r ch ro m o so m al cod ing  o rig in . T he ad hesive  c a p a c ity  of 119 (F8) to  iso la ted  
u r in a r y  ep ith e lia l cells, a n d  also to  th e  p a t i e n t ’s ep ithe lia l cells e x c re tin g  
119 ( F 8 ) + b a c te ria  w as also  d em o n stra ted  [62]. In  a suckling m ouse m odel 
119 (F 8 ) p roved  to  be  an  im p o r ta n t v iru len ce  fa c to r  [63] d e m o n s tra te d  also 
on th e  basis  of im m u n o lo g ica l p ro te c tiv ity  [64].

C e rta in ly  F7 a n d  F 8  a re  n o t th e  on ly  u ro e p ith e liu m  specific ad h esin s  o f 
E . coli. Clegg [65] h a s  re c e n tly  d e m o n s tra te d  an  an tig en ic  h e te ro g en e ity  am o n g  
th e  M R  adhesins o f  th e  s tu d ie d  u ro p a th o g en ic  E . coli s tra in s .

T h e  F7 an d  F 8  s im ila rly  to  o th e r h o s t specific  adhesins are  ca rried  b y  
E . coli s tra in s  belong ing  to  a lim ited  n u m b e r o f  serog roups. 0 rsk o v  e t al. [13] 
co u ld  observe  F7 o n ly  in  Об : K2 s tra in s , a n d  F 8  on ly  in 0 1 8 a , c a n d  0 7 5  
s tr a in s .  In  ag reem en t w ith  Clegg fu r th e r  a d h esin s  m ay  ex is t: ad hering  s tra in s
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w ere also found  in th e  0 1 , 0 2 , 0 4 , 0 1 6  an d  0 7 8  serogroups w ith o u t F 7  or 
F8 fim b riae . R ecen tly  Czirók e t al. [66] h a v e  s tu d ie d  CFA- M R ad h esiv e  
s tra in s  o f E . coli o f faecal orig in . T he s tr ic t  c o rre la tio n  o f F7 and  F8 w ith  sp ec i­
fic serogroups has been con firm ed , even F8 w as ca rried  b y  se ro ty p e  0 1 8 a ,c :  
K 5: H - ,  b u t  n ev er by  0 1 8 a ,c  : K12 : H 5 or O l8 a ,c  : K5 : 117. O f course , 
such fin d in g s could  be exp la ined  sim p ly  b y  th e  clonal sp read  of an  F 8  + s tra in . 
T he q u o ted  a u th o rs  stressed  th e  d iag n o stica lly  m islead in g  role of s im u lta n e o u s ­
ly  ca rried  p se u d o ty p e  1 fim b riae .

L ittle  is know n ab o u t th e  recep to rs  o f th e  u ro ep ith e liu m  for M R ad h esin s . 
H ow ever, i t  ap p ears  th a t  a a -D -G alp-(l —4)-/3-D-Galp s tru c tu re  c o n s titu te s  
th e  ac tiv e  re c e p to r e lem ent m issing from  th e  p  p h en o ty p e  of P  b lo o d  g ro u p  
an tigens. T he serological h e te ro g en e ity  of f im b ria e  does no t m ean  t h a t  th e y  
differ in  re c e p to r spec ific ity , to o  [67]. Som e d a ta  show  th e  in h e rite d  n a tu re  
an d  in d iv id u a l v a r ia tio n  o f lig an d -recep to r in te ra c tio n s . W om en w ith  re c u r ­
re n t  virinary t r a c t  in fec tions h av e  a h ig h er in c id en ce  and  longer d u ra t io n  of 
v ag in a l co lon iza tion  b y  E . coli [68] an d  th e ir  v ag in a l ep ithelia l cells b in d  
h ig h er n u m b ers  o f b a c te ria  th a n  th o se  o f h e a lth y  donors [69]. S im ilar o b se r­
v a tio n s  w ere m ade concern ing  th e  p e r iu re th ra l cells o f children  [70]. S v an b o rg - 
E dén  an d  Jo d a l [71] also found  a h igher b in d in g  cap ac ity  o f th e  ex c re te d  
u ro p a th o g en ic  E . coli in  p a tie n ts  w ith  re c u rre n t in fec tions, th a n  d id  th e  cells 
o f donors w ith  no such  h is to ry .

U n fo rtu n a te ly  th e re  are  few  an d  in  som e re sp e c t incom plete  d a ta  a b o u t 
th e  u r in a ry  adhesion  o f Proteae. A m ong u r in a ry  P . m irabilis iso la tes M R H A  
c h a ra c te r  w as found  in 12%  b y  G reen an d  T h o m as [58]. S ilv e rb la tt [72], 
an d  S ilv e rb la tt an d  Ofek [78] described  a c o rre la tio n  betw een th e  f im b r ia te d  
s ta te , in v itro  m easu red  M R ep ith e lia l ad h esio n , an d  exp erim en ta l r a t  infec- 
t iv ity .

1.2.2. H aem agglutination  pattern  (haem agglu tina tion  typ in g )

The d a ta  p re sen ted  in d ica te  or even su g g est th e  ex istance o f u n k n o w n  
adhesins. To p ro v e  th e  occurrence o f a new  ad h e s in  is n o t alw ays easy . M e th o ­
dologically  th e re  is a p o ssib ility  (i) to  te s t th e  b in d in g  a c tiv ity  on iso la te d  or 
cu ltu red  ep ith e lia l cells, or on b ru sh  b o rd e r p re p a ra tio n s . This a p p ro a c h  is n o t 
co n v en ien t fo r la rge  scale screenings, (ii) A fu r th e r  possib ility  is th e  sero log ica l 
d e te rm in a tio n . In  th is  re sp ec t th e  sim ple slide ag g lu tin a tio n  is f re q u e n tly  
m islead ing  ow ing to  th e  p resence o f o th e r  f im b ria e , so preference sh o u ld  be 
g iven to  im m u n o e lec tro n  m icroscopy  or crossed  im m u n o elec tro p h o resis . (iii) A 
sim ple p o ssib ility  is offered by  h a e m a g g lu tin a tio n  perfo rm ed  w ith  a n d  w ith o u t 
D -m annose. I t  is useful if  th e  e v e n tu a l o ccu rren ce  o f n o n -h a e m a g g lu tin a tin g  
adhesins (e.g. 987P) an d  th e  m islead ing  re su lts  caused  b y  o th e r f im b r ia e  c a r ­
ried  sim vdtaneously  a re  ta k e n  in to  co n sid e ra tio n . E v a n s  e t al. [74] e la b o ra te d
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Table III

H aem agglutination typ in g  scheme o f  E . coli according to Evans et al. [74]

HA type
human

Haemagglutination with erythrocytes of 

bovine chicken monkey1 guinea-pig

I-A i t 2 R R — —

I-B R R R S3 s

1I-A — R R — —

II-B — R R s s

II-C S R R s s

I I I -A — S s s

IV-A s — S s s

IV -B — — — — —

Y-A R - — — —

V-B — R — — —

V-C — — R — —

V-D — — — R —

V -E — — — — R

V -F R — S s s

V I-A R — R R —

V I-B R — R R s

VI-C R — — R —

VI-T) R — S R s

V I-E R — R R R

V I-F R — S R R

V II-A R R — — —

V II-B R R — S S

V II-C R R s S s

1 A frican  green m o n k ey
2 m an n o se  re s is ta n t h a em ag g lu tin a tio n
3 m annose  sensitive  h aem ag g lu tin a tio n  
— no h a em ag g lu tin a tio n

a H A  ty p in g  schem e u sin g  h u m an , b o v ine , ch ick en , m onkey  an d  gu in ea-p ig  
e ry th ro c y te s  w ith  an d  w ith o u t D-m annose (T ab le  I I I ) .

2. Chem otaxis

I n  th e  p a th o m e c h a n ism  of en te ro to x ic  e n te ro p a th ie s  caused  b y  E . coli 
a t  le a s t  tw o  essen tia l a n d  coopera tive  fa c to rs  a re  tak in g  p a r t :  ad h es io n  an d  
to x in  p ro d u c tio n . T he an a lo g o u s disease cau se d  b y  Vibrio cholerae show s th e
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well p roved  s ign ificance  of to x in , b u t  th e  adh esiv en ess  of the  v ib rio  is s till 
d iscussed. T he p resence  of f im b ria e  was d e m o n s tra te d  on th e  v ibrio  cells [75]. 
F im b riae  are he te rogeneous like th o se  o f E. coli. T he  h a cm ag g lu tin a tio n  cau sed  
by  some of th e m  w as in h ib ited  b y  D -m annose, o th e rs  b y  L-fucose [76]. F im b ria l 
h a e m a g g lu tin a tio n  re s is ta n t a g a in s t b o th  m an n o se  an d  fucose was o b se rv ed  
also b y  F in k e ls te in  e t al. [77] an d  G uentzel e t al. [78].

In  an im al m odels, in te s tin a l co lon iza tion  o f V. choierae was o b serv ed  fo r 
a sh o rt period  b o th  in th e  lig a ted  ra b b it  ileal loop [79] an d  in ora lly  in fe c te d  
in fa n t mice [80]. N elson et al. [81] d e m o n s tra te d  b y  scan n in g  e lectron  m ic ro s­
copy  an  early  (one ho u r a fte r in fec tion ) b u t t ra n s ie n t  (7 9 h) co lon iza tion  in  
th e  lig a ted  r a b b i t  loop m odel a n d  th e  in fan t r a b b it  bow el, b u t th e y  q u e s tio n e d  
th e  role of fim b riae .

G uentzel a n d  B erry  [82] a n d  Y ancey  e t al. [83] found  th a t  m o tility  w as 
an  im p o rta n t fa c to r  o f v iru lence  as a b o u t a 100-fold reduc tion  of v iru le n c e  
was observed  in th e  case of n o n -m o tile  m u ta n ts .

A ccord ing  to  F ré te r  an d  O ’B rien  [84, 85] a n d  F ré te r  et al. [86, 87] 
s ta in in g  or e lec tronm icroscop ic  p ro ced u res  g en e ra lly  fail to  d e m o n s tra te  th e  
m ucous gel, b ecau se  it  is easily  w ashed  aw ay . T he gel rep resen ts  a b a rr ie r , b u t  
th is  b a rrie r can  be p e n e tra te d  even  if  in e ffic ien tly  b y  in e rt partic les or n o n - 
m otile  b ac te ria . I f  m otile  b ac te ria , as in the case of w ild -ty p e  v ibrios, a re  g u id ed  
b y  chem o tac tic  g rad ien ts , th e y  m a y  easily  p e n e tra te  in to  th e  deep la y e rs  o f 
th e  in te rv illo u s spaces. This a ssoc ia tion  is to  som e e x te n t reversib le a n d  th e  
b a c te ria  as F ré te r  e t al. [87] h av e  sa id , m u st keep  ru n n in g  fast ju s t  to  s ta y  in  
place ag a in s t th e  n a tu ra l flow  o f m ucus.

A ccord ing  to  F ré te r, E . coli passively  p e n e tra te s  across th e  m u co u s 
b a rrie r  an d  a lim ited  num ber a rriv e s  a t  th e  b ru sh  b o rd e r. By th e  a id  o f  its  
s tro n g  adhesins i t  can  colonize th is  surface. On th e  o th e r  h an d , v ibrios a c tiv e ly  
p e n e tra te  across th e  m ucous b a r r ie r  and  th is  p e n e tra tio n  is co n tin u o u s . So 
high n u m b ers  reach  th e  ep ith e lia l surface a n d  m a in ta in  th e re  a loose o r  no 
c o n ta c t w ith  th e  ep ithe lia l su rface .

3. M ucinase

T he im p o rta n c e  o f m ucus on ep ith e lia l su rfaces w as stressed b y  O rsk o v  
e t al. [12] in  co n n ec tio n  w ith  th e  com m on fim b ria e , as well as by  F ré te r  [84—87] 
in  respect o f  th e  p a th o m ech an ism  of V. cholerae. T herefo re, a t te n tio n  w as 
tu rn e d  upon  th e  enzym atic  fac to rs  ac tin g  a g a in s t th e  m ucus.

In  1948 B u rn e t and  S tone  [88] described  th e  m ucinase p ro d u c tio n  o f 
V. cholerae. In  th e  generally  used  gu inea-p ig  a n im a l m odel F ré te r  [89] d e m o n ­
s tra te d  th a t  th e  bow el flu id  o f in fec ted  an im als  also  co n ta in s  m ucinase so its  
role as a v iru len ce  fac to r h ad  becom e accep ted  [88 92]. R ecen tly , h o w ev er,
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S ch n e id e r and  P a rk e r  [93] pu rified  th e  m u c in ase  of V. cholerae a n d  c h a ra c te r ­
ized  i t  as an a lk a lin e  p ro tease  d eg rad in g  b o th  p ro te in s an d  g ly co p ro te in s . 
I t s  ro le  in  th e  p a th o m ec lian ism  rem ains u n k n o w n , only its  he lper ro le  in  ac tive  
p e n e tra t io n  an d  in  th e  n u tr i t io n  o f v ib rio s  in  th e  m ucus h as  b een  supposed . 
M u cin ase  or m u c in o ly tic  enzym es are  p ro d u c e d  b y  E . coli an d  b y  a few  sero ­
ty p e s  (2a, v a r . X , a n d  v a r . Y) of Shigella  f le x n e r i  [94, 95], to o . T h ere  a re  no 
re lia b le  d a ta  ab o u t th e ir  ev en tu a l fu n c tio n .

B eside m ucinase  V. cholerae s tra in s  p ro d u ce  n e u ram in id ase  [96, 97] 
w h ic h  rem oves th e  te rm in a l sialic acid  re s id u es  from  g ly co p ro te in s , a n d  in 
a d d i t io n  an  ill-defined  g ro u p  of p ro tea se s . T h e  reg u la tio n  of m u c in ase , n e u ra ­
m in id a se , p ro teases , a n d  p e rh ap s  th e  re lease  o f  to x in  seem s to  be  in te r re la te d  
[98], th e re fo re  th e  a v iru la n c e  of p ro tea se  d e fic ien t m u ta n ts  an d  th e ir  ev en tu e l 
ro le  in  p a thogenesis  n eed s  fu r th e r  in v e s tig a tio n s .

4. V irulence fac to rs o f invasivity

4 .1 . Penetration

T h e te rm  p e n e tra tio n  is used in  a sp ec ific  sense for th e  u n k n o w n  process 
in  w h ich  b ac te ria  a re  m o v in g  th ro u g h  th e  e p ith e lia l barrie r o f m ucous su rfaces. 
In  som e cases th e y  a re  in v ad in g  th e  e p ith e lia l cells them selves a n d  m u ltip ly  
in  th e m  (shigellae) w hile  o th ers  passin g  th e  ep ithe lium  are  ta k e n  up  b y  th e  
m ac ro p h ag es  o f th e  su b m u co sa l tissues (salm onellae).

T h e  m ost in v e s tig a te d  p a thogens in  th is  resp ec t are  th e  sh igellae . The 
te r m  p e n e tra tio n  w as u sed  o rig inally  b y  th e  W a lte r  R eed A rm y  T eam  [99] 
s tu d y in g  th is  f irs t s te p  o f  p a th o m e c h a n ism  on H eL a cells. I so la tin g  d iffe ren t 
c lasses o f m u ta n ts  o r p ro d u c in g  re c o m b in a n ts  in  v iru lence th e  p e n e tra tio n  
a b i l i ty  p ro v ed  to  be a s e p a ra te  v iru lence  fa c to r  [100]. The m ech an ism  o f p e n ­
e t r a t io n  is n o t c lear. I t  seem s th a t  th e  О a n tig e n  has no role in  i t ,  b ecau se  R 
m u ta n ts  w ith  in ta c t p e n e tra tio n  c a p a c ity  w ere successfully  iso la te d  [101]. 
T h e  e v e n tu a l role o f som e k in d  of c y to to x in  cou ld  n e ith e r he p ro v e d  n o r ru led  
o u t. A ccord ing  to  O gaw a e t al. [102] e p ith e lia l cell d eg en era tio n  occurs si­
m u lta n e o u s ly  w ith  th e  endocy tosis  o f sh ige llae  an d  so i t  w as su p p o sed  th a t  
so m e cy to to x ic  m a te r ia l  w as p roduced . T h is  a ssu m p tio n  w as th e n  su p p o rte d  
b y  in  v itro  s tud ies p e rfo rm ed  w ith  c u ltu re d  m acrophages an d  sh igellae  of 
v iru le n t  an d  a v iru le n t c h a ra c te r . P h a g o c y to s is  to o k  place in  b o th  cases, b u t 
th e  in g e s te d  v iru le n t b a c te r ia  k illed th e  h o s t cell [103]. O th er conclusions w ere 
d ra w n  b y  B o n d aren k o  [104] who using  d iffe re n t E . coli X Shigella  h y b rid s  
s t a te d  t h a t  p e n e tra tio n , c y to to x ic ity  a n d  in tra c e llu la r  m u ltip lic a tio n  w ere 
s e p a ra te  fac to rs  an d  th e re  is no p ro o f t h a t  a c y to to x in  was needed  fo r  p e n e tra ­
tio n . In  o th e r  w ords, i t  is n o t clear w h e th e r  p e n e tra tio n  was an  a c tiv e  p rocess 
o r a p assiv e  one. T h e  m ic ro c in em a to g rap h ic  s tu d ies  of O gaw a e t a l. [105] of
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sh igella  penetra tion , show ed th a t  th e  f ir s t  s tep  is a s tro n g  m em b ran e  a t ta c h ­
m e n t observab le  o n ly  w ith  v iru le n t b a c te r ia . T h is a t ta c h m e n t is fo llow ed b y  
a ra p id  m o v em en t o f  th e  m em b ran e  a n d  a p in o cy to s is  o f v iru le n t b a c te r ia  
w as observed  in  H eL a  an d  H enle 407 cells. H ale  e t al. [106] s tu d ied  a v iru le n t 
s tr a in  o f S . fle x n e r i  on H enle 407 c u ltu re d  in te s tin a l ep ith e lia l cells. F ro m  th e  
h isto log ica l fea tu re s  o f p e n e tra tio n  a n d  its  in h ib itio n  b y  p hagocy tosis  in h ib ito rs  
th e y  concluded  th a t  p e n e tra tio n  w as a n  e n d o cy to tic  p rocess sim ilar to  p h a g o ­
cy tosis , b u t  induced  o n ly  b y  v iru le n t sh igellae. E le c tro n  m icro g rap h  show ed 
b a c te r ia  in  th e  m em b ran e-lim itin g  vacuo les re sem b lin g  phagosom es.

T esting  of p e n e tra tio n  a b ility  o f  iso la ted  cells (H eL a , H E p 2 , H en le  407) 
is d ifficu lt if  th e  f im b r ia te d  b a c te ria  ad h ere  h e a v ily  to  th e  cells [107]. In  such  
cases th e  use o f 10 -day -o ld  ch ick  em b ry o s is ad v isab le . T he se lec tive  loss of 
p e n e tra tio n  c a p a c ity  is ev id en t from  th e  fac t t h a t  th e  b a c te ria  are  fu lly  v iru le n t 
on in trav en o u s  in o cu la tio n  and a v iru le n t w hen in o cu la ted  in to  th e  a llan to ic  
c a v ity  [108]. F u rth e rm o re  th e  S erény  te s t  [109] g en era lly  used fo r te s tin g  th e  
v iru len ce  of sh igella  s tra in s  show s a m ore  com plex  v iru len ce  a b ility : p e n e tra ­
tio n , in tra e p ith e lia l m u ltip lica tio n  a n d  d e s tru c tio n .

The fac t th a t  a v iru le n t m u ta n ts  a re  easily  iso la ted  from  w ild -ty p e  sh igella  
is n o te w o rth y . T h is o p p o r tu n ity  is o ffered  p a r t ly  b y  an  u nknow n  co rre la tio n  
b e tw een  v iru lence  an d  colonial m o rp h o lo g y  [110, 111] an d  b y  th e  re la tiv e  
la b ili ty  o f v iru lence . I t  is w ell-know n th a t  th e  la b ili ty  o f som e b a c te r ia l c h a r ­
a c te r  fre q u e n tly  m eans th a t  th e  cod ing  gene(s) a re  ca rried  b y  a p lasm id . 
Such  a h y p o th esis  w as form ed in 1971 b y  S tenzel [112] b u t  th e  f irs t  a t te m p t  
to  p ro v e  such su p p o sitio n s  was done b y  K opecko e t al. [113] in 1979. C hange 
o f  tra n s lu c e n t (T) v iru le n t colonies in to  o p aq u e  (O) a v iru le n t ones w as fo u n d  
a t  a freq u en cy  o f  1 0 -4 1 0 -5 w ith o u t rev e rs io n  b u t  no  p lasm id  loss cou ld  be 
observ ed . L a te r  i t  w as re p o rte d  [114] th a t  a p la sm id  o f 120-140 M d size is 
responsib le  for th e  p e n e tra tin g  a b ili ty  o f  S. fle x n e r i.

I t  is o f special in te re s t th a t  th e  so-called  en te ro in v as iv e  E . coli (E IE C ), 
th e  cau sa tiv e  a g e n t o f  a b o th  c lin ica lly  a n d  h is to log ica lly  d y sen te ry -lik e  
d isease [115] is h a rb o u rin g  th e  sam e p lasm id  [116].

In  th e  case o f  S . sonnei th e  o n ly  d ifference in  re sp ec t o f v iru len ce  is th e  
ra p id  loss of О-specific  side chain  (p h ase  I) a n d  s tra in s  in  phase I I  a re  a v iru ­
le n t. R ecen t o b se rv a tio n s  of K opecko  e t al. [117] a n d  S an so n e tti e t a l. [118] 
h a v e  show  a n o n -co n ju g a tiv e  p lasm id  o f  120 M d size responsib le  fo r th e  I  p h ase  
a n tig e n ic ity  as w ell as fo r v iru lence .

In  th e  case o f salm onella  p e n e tra tio n  th e re  is a s lig h t difference co m p ared  
to  shigellae. A ccord ing  to  th e  e lec tro n  m icroscopic  s tu d ies  o f T ak eu ch i [119] 
ca rr ied  o u t w ith  a v iru le n t s tra in  o f  Salm onella  ty p h i-m u r iu m , a d eg en e ra tio n  
o f  m icrovilli o ccu rred  if  th e  b a c te r ia  w ere a t  a d is ta n c e  o f a b o u t 35 n m . D e­
g en e ra tio n  was o b se rv ed  on ly  in  th e  close v ic in ity  o f b ac te ria . T he b a c te r ia  
are  in v ad in g  n o t o n ly  th ro u g h  th e  b ru sh  b o rd e r, b u t  also th ro u g h  th e  ju n c ­
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t io n s  b e tw een  ep ith e lia l cells. A round  th e  b a c te r ia  in v ad in g  th e  b ru sh  b o rd e r 
a c a v i ty  can he seen w h ich  is f re q u e n tly  open  to w ard  th e  in te s tin a l lum en . 
A f te r  th is  opening is c losed , th e  in te g r i ty  o f th e  b ru sh  b o rd e r is r e s t i tu te d  
a n d  th e  Salm onellae are  p h ag o c y te d  b y  th e  subm ucosal m acro p h ag es. In  
c o n tr a s t  to  shigellae no sa lm o n ella  m u ltip lic a tio n  occurs in  e p ith e lia l cells.

4 .2 . T issu e  invasiv ity  and  serum  resistance

4.2 .1 . The 0  antigens

I t  is a well kn o w n  fa c t  t h a t  R  m u ta n ts  [120] or even  S R  m u ta n ts  o f  
G ra m -n e g a tiv e  b a c te r ia  a re  a v iru le n t o r show  a red u ced  v iru lence  [121, 122]. 
T h e  re d u c tio n  of v iru len ce  o f  R  m u ta n ts , e.g . o f  S. typ h i-m u r iu m  in  m ice m ay  
b e  m illion-fo ld . On th e  o th e r  h a n d , R  s tra in s  a re  capab le  of co lo n iza tio n  an d  
p e n e tr a t io n  [123]. T he d e fec t in  th e  О -side ch a in  genera lly  m eans a defec tive  
re s is ta n c e  against h o s t fa c to rs . R  m u ta n ts  in  th e  in te s tin a l c an a l a re  in c rea s­
in g ly  sen sitive  a g a in s t f a t t y  acids [124] a n d  in  th e  tissues th e y  som etim es do 
n o t  m u ltip ly  a t  all due to  В cell an d  m ac ro p h ag e  a c tiv ity  [125, 126]. These 
a n d  n u m ero u s  o th e r d a ta  c lea rly  in d ica te  th e  p rim a ry  im p o rta n c e  in  p a th o ­
g e n ic ity  o f th e  О-specific  side  cha in , a ffo rd in g  p ro te c tio n  a g a in s t th e  h o s t de­
fe n c e  m echanism s.

I t  is also w ell-know n t h a t  n o t o n ly  th e  ex istence  of O -an tig en , b u t  its  
q u a l i ty ,  its  chem ical co m p o sitio n  has also an  in fluence  on th e  v iru len ce . T he 
b e s t  exam p les  are g iven b y  th e  Salm onella  genus, fo r w hich th e re  is a su itab le , 
n a tu r a l ly  sensitive m ouse m odel (i), th e  n u m ero u s  se ro ty p es d iffer fro m  each  
o th e r  on ly  in sligh t ch an g es o f th e  O -an tig en  (ii), an d  a p o ss ib ility  ex ists  to  
e x c h a n g e  O -antigens b y  tra n s d u c tio n  or c o n ju g a tio n  (iii).

M äkelä e t al. [127] d e te rm in e d  th e  v iru len ce  o f th e  p a re n t  S . ty p h i-m u ­
r iu m  (O an tig en : 1, 4, 12) a n d  its  isogenic tra n s d u c ta n ts  b y  in tra p e r ito n e a l 
in o c u la tio n  of m ice. T he ex ch an g e  of 0  a n tig e n  1, 4, 12 for 1, 9, 12 re su lte d  in  
a r e d u c tio n  of v iru len ce  a n d  th e  t r a n s d u c ta n ts  ca rry in g  0  an tig e n  6,7 w ere 
n e a r ly  av iru len t. B e tw een  О an tig en  fa c to rs  0 4  an d  0 9  th e re  is a v e ry  sligh t 
d iffe ren ce : th e  te rm in a l su g a r  is ahequose  in  th e  fo rm er, w hile a n o th e r  dides- 
o x y h e x o se , tyvelose , in  th e  la t te r .  In  a rec ip ro cal e x p e rim en t [128] th e  
9, 12 О an tigen  ch an g ed  to  1, 4, 12 in  a S . enteritid is  s tra in  an d  a s ig n if ican t 
in c re a se  in  its v iru lence  w as observed . C om paring  such  isogenic clones ca rry in g  
th e  О an tig en s 1, 4, 12 o r 6, 7 th e  red u ced  v iru len ce  o f th e  la t te r  w as co rre la ted  
w ith  th e  increased speed  o f  b lood  c learance  [129]. B ecause no b a c te r ic id a l effect 
w as fo u n d , th e  red u ced  v iru len ce  w as in te rp re te d  as th e  re su lt o f an  en h an ced  
p h a g o c y to s is .

In  S .fle x n e r i  th e  o rig in a l, u n m o d ified  О -specific side ch a in  is re p re se n te d  
o n ly  b y  th e  so called v a r . Y  a n d  all th e  se ro ty p es  are  th e  re su lts  o f  lysogenic
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conversion  m odify ing  th e  side ch a in  m ostly  b y  a lp h ag ly co sy l g roups [130]. 
S tu d y in g  a p a re n t v a r . Y  s tra in  an d  som e of its  ly so g en ic  c o n v e n a n ts  in  th e  
ch ick  em b ry o  m odel [131], th e  lysogenic d e riv a tiv e s  w ere show n to  h a v e  an  
in c reased  v iru len ce  in  th e ir  tissu e  grow ing c a p a c ity .

In  re sp ec t o f E . coli, acco rd in g  to  M edearis e t al. [132] th e  g rad u a l loss 
in  th e  su g ar u n its  o f lip o p o ly sacch arid e  co rre la tes  w ith  th e  g rad u a l loss in  
v iru lence .

T he in te rp re ta tio n  o f th e  observed  effect on v iru le n c e  by  sub tile  ch an g es 
in  th e  О-specific  side chain  m a y  on ly  be sp ecu la tiv e  as l i ttle  is know n o f its  
e v e n tu a l effect on th e  com p o sitio n  or s tru c tu re  o f th e  o u te r  m em brane . S till, 
th e  loss or tw o m a jo r p ro te in s  (34K  and  36K ) o u t o f  th e  four m a jo r o u te r  
m em b ran e  p ro te in s  of S. ty p h i-m u r iu m  did n o t a ffec t th e  m ouse v iru lence  [133]. 
On th e  o th e r  h a n d , th e re  are  o b se rv a tio n s w here th e  change in th e  side ch a in  
w as fo llow ed b y  an  in c reased  a n tib io tic  se n s itiv ity , w h ich  in itse lf m ay  suggest 
a change o f  th e  o u te r  m em b ran e  [134].

4 .2 .2 . The К  antigens

O ur d a ta  in th is  re sp ec t a re  n a tu ra lly  lim ite d  to  E . coli. I t  is g en e ra lly  
accep ted  th a t  th e  К  an tig en s o f  G ram -nega tives a re  less s ign ifican t in  v i r u ­
lence as co m p ared  to  G ram -p o sitiv e  m icrobes, b ecau se  o f  th e  ex isting  О a n t i ­
gen. In  c o n tra s t , in  som e cases a t  least th e  c a p su la r  v a r ia n ts  of E . coli a re  
p h a g o c y te d  less easily  th a n  th e ir  n o n -cap su la ted  isogenic  pairs [135, 136].

In  e x tra in te s tin a l in fec tio n s certa in  К  a n tig e n s  seem  to  have som e sp e ­
cial ro le . T his g roup  o f К  a n tig en s  is genetica lly  d e te rm in e d  by  a locus in  ser A  
lin k ag e  an d  n o t b y  th e  com m on /lis-linked locus. F u rth e rm o re , th e y  b e lo n g  
w ith o u t ex cep tio n  to  th e  com m on chem ical ty p e  o f  th e  acidic p o ly sacch arid e  
(PS) K -an tig en s . I ts  m ost f re q u e n t and  m ost im p o r ta n t  ty p es  are K l ,  K 2 , К З , 
K 5, K 12 an d  K 13 [136]. A m ong u rin a ry  s tra in s  th e  m ost freq u en t K - ty p e s  
a re , acco rd in g  to  E v an s  e t al. [137], th e  K l (2 9 % ), fu rth e rm o re  K 2, K 12 a n d  
K 13. A ccord ing  to  M inshew  e t al. [138] th e  K l ,  K 2 , К З , К 5, К12 an d  К 1 3  a re  
a d d itiv e  v iru lence  fac to rs  in u r in a ry  tr a c t  in fec tio n s. I t  is n o te w o rth y  t h a t  a 
consid erab le  p a r t  o f u r in a ry  s tra in s  iso la ted  m a in ly  from  infections co n sis ts  
o f  II m u ta n ts , b u t th e y  a re  K l + [138, 140].

T he an tig en  K1 has a specific  significance in n e o n a ta l m en ing itis : a b o u t 
8 5 %  o f s tra in s  iso la ted  from  such  p a tie n ts  are  K1 + [141]. T he chem ical s t r u c ­
tu re  o f K l ,  w hich is an  a lp h a-2 ,9 -lin k ed  N -acety l n e u ra m in ic  acid p o ly m er, is 
s tru c tu ra l ly  id en tica l w ith  th e  c ap su la r  В -ty p e  s t ru c tu re  of Neisseria m e n in g i­
tid is  [142]. A n o th e r f re q u e n t E . coli agen t o f n e o n a ta l  m eningitis ca rrie s  th e  
K 92 an tig e n , be ing  in an tig en ic  re la tio n sh ip  w ith  th e  C -po lysaccharide o f
N . m en ing itid is  [143]. A th ird  К -ty p e  w ith s im ila r p a th o g e n ic ity  carries  a n t i ­
gen K 100 w hich is c ro ss-reactiv e  w ith  th e  c ap su la r  PS  o f H aem ophilus in flu e n -
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zae  ty p e  b [144]. T h ese  an tigen ic  re la tio n sh ip s  are  c e rta in ly  n o t  coincidences 
in  re sp e c t o f th e  c lin ica l sym p to m s cau sed , h u t  th e ir  b a c k g ro u n d  is n o t clear. 
A lso , in  cases o f E . coli sepsis o ccu rrin g  p re d o m in a n tly  in  n ew b o rn s  [139, 
140] h u t also in  a d u lts  [145] ca rry in g  a h ig h  m o rta lity , K l  + E . coli s tra in s 
sh o w in g  an  in c rea sed  an tip h a g o c y tic  re s is ta n c e  [145] are  fo u n d  q u ite  fre ­
q u e n tly .

Som e k ind  o f  specific  a ff in ity  o f  th e  above m en tio n ed  К -ty p es  was 
d e m o n s tra te d  in  an  an im a l m odel, to o . I n  o ra lly  in fec ted  in fa n t  ra ts  K l + 
s t r a in s  show ed a 7 0 %  co lon iza tion  ra te  a n d  a few  days la te r  a b o u t 6 0 %  of the  
a n im a ls  h ad  b a c te r ia em ia  and  15%  also  m en ing itis  [146]. B o rto lu ss i et al. 
1147] stressed  th e  age sp ec ific ity  of K l  + s tra in s  in in fan t ra ts .  B y  th e  gene 
c lo n in g  tech n iq u e  th e  K 1 operon  was in s e r te d  in  a 35 kb long f ra g m e n t th ro u g h  
a v e c to r  m in ip lasm id  in to  th e  K12 s tr a in  o f  E . coli [148]. T his p e rfe c tly  av iru ­
le n t  h o s t s tra in  show ed  a n  increased  se ru m  resis tan ce , in  a g re e m e n t w ith  th e  
o b se rv a tio n  of V an  D ijk  e t al. [149] t h a t  th e  К  an tigens o f E . coli u su a lly  in ­
h ib it  th e  a lte rn a tiv e  p a th w a y  of c o m p lem en t ac tiv a tio n . T he ex p e rim en ts  of 
P i t t  [150] concern ing  th e  age sp ec ific ity  o f  K 1 show ed a defec tiv e  b ac te ric id a l 
e ffe c t o f in fan t se ra . T h is is no t in  c o n tra d ic tio n  w ith  th e  d a ta  o f  S tev en s e t al. 
[151] n am ely  th a t  n o t  o n ly  th e  q u a lity  o f  K l ,  h u t  its  q u a n ti ty  is also im p o rta n t 
in th e  o p so n in o p h ag o cy tic  resistance . T h ese  au th o rs  also show ed th a t  th e  K l 
a n tig e n  is a com plex  one an d  a n e u ra m in id a se  sensitive second m in o r an tigen  
h as  no  role in  re s is ta n c e . The co rre la tio n  o f  th e  q u a n tity  o f a n tig e n  K l  w ith  
th e  v iru lence  in  u r in a ry  tr a c t  in fec tio n s  expressed  in  opson in o —phagocy tic  
re s is ta n c e  was also s ta te d  b y  B jö rk s ten  a n d  K aiser [152] an d  b y  H o w ard  and  
G ly n n  [153].

I t  seems fro m  th e se  d a ta  t h a t  som e acid ic  PS К  a n tig en s  a re  p lay ing  
a m o re  or less specific  ro le  in th e  p a th o g e n ic ity  of E . coli, m a in ly  in  ex tra - 
in te s t in a l  in fec tions. F u r th e r  w ork is n e e d e d  to  e lucidate  th e  m echan ism (s) of 
v iru le n c e  m ed ia ted  b y  th e se  К  an tig en s.

4.2.3. Outer m em brane proteins

T h e n o rm al se ru m  is generally  b a c te r ic id a l also for th e  S v a r ia n ts  of 
G ram -n eg a tiv e  b a c te r ia . T he m echan ism  o f th is  b ac te ric id a l e ffec t involves 
a c tio n s  of an tib o d ie s , th e  ac tiv a tio n  o f  c lassical or a lte rn a tiv e  p a th w a y  of 
co m p lem en t and  o th e r  p ro te in s , e. g. ly so zy m e. Some s tra in s , how ever, are 
re s is ta n t  against th is  sy s te m  and  th is  so -ca lled  serum  resis tan ce  is an  im p o rta n t 
f a c to r  o f  bac te ria l invasiv en ess . In  th e  p rev io u s  p a rag rap h s th e  ro le  o f О and  К  
a n tig e n s  has been su m m arized , b u t i t  is c lea r th a t  these  p o ly sacch a rid e  con­
s t i tu e n ts  canno t a lw ay s exp la in  th e  tis su e  o r serum  res is tan ce  o f th e ir  host 
b a c te r ia . R ecen tly  th e re  has been a co n sid e rab le  progress in  th e  u n d e rs ta n d in g  
o f  s tru c tu re  and  co m p o sitio n  of th e  o u te r  m em b ran e  of b a c te r ia . T he ra tio
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and  im p o rta n c e  o f  its p ro te in  com ponen ts are  in itse lf  suggesting  th e ir  ro le  in 
th e  e n v iro n m e n ta l resistance .

In  1976 R ey n ard  and  B eck [ 1S4] re p o rte d  th a t  th e  p lasm ids R1 an d  
R100 caused  an  increased  serum  resistance  in  E . coli K 12. T ay lo r and  H u g h es 
[155] could  n o t confirm  th is  concern ing  K 12. T h e ir d a ta  show  th e  e ssen tia l 
im p o rtan ce  o f an  in ta c t О-side cha in , d e m o n s tra tin g  a s ign ifican t in c rease  in 
th e  serum  res is tan ce  o f an  S s tra in  a fte r  tra n sm iss io n  of R I , N R 1, a n d  o th e r  
R an d  Col p lasm ids. T he level o f serum  res is tan ce  w as d irec tly  in flu en ced  also 
b y  th e  co p y  n u m b e r o f p lasm id  N R 1, suggesting  a d irec t effect caused  b y  th e  
p lasm id . Moll e t al. [156] o b ta in e d  an  enh an ced  se ru m  resis tan ce  by  R  p la sm id  
R 6 -5  an d  th e y  d e m o n s tra te d  b y  th e  gene c lon ing  tech n iq u e  th a t  one o f  th e  
tw o su rface  exclusion  p ro te in s , th e  T raT -p ro te in  is responsib le  for th e  o b se rv ed  
in se n s itiv ity . In  R 5 - 6 + b a c te r ia  th e  T raT -p ro te in  w ould  he one of th e  m a jo r  
s tru c tu ra l p ro te in s  o f th e  o u te r  m em b ran e , w ith  a b o u t o f 21 000 copies p e r  cell. 
The a u th o rs  suggested  th a t  n o t th e  T raT -p ro te in  in  itself, b u t its  in te ra c tio n  
w ith  o th e r  su rface  com ponen ts leads to  th e  o b serv ed  effect. This m akes i t  u n ­
d e rs ta n d a b le  th a t  e.g. th e  p lasm id  R100 in  som e s tra in s  offers p ro te c tio n  
ag a in st serum  w hile in o th e rs  i t  fails to  do so [155]. T here are  o th e r  o u te r  
m em b ran e  p ro te in s  also con ferring  serum  re s is ta n c e : B inns e t al. [157] lo c a l­
izing th e  serum  resis tan ce  d e te rm in a n t o f C olV , I -K 9 4  p lasm id  fo u n d  i t  
o u tside  o f  th e  tra region (th e  iss gene).

T he m echan ism s by  w hich th e  above s tru c tu ra l  changes o f th e  o u te r  
m em b ran e  cause an  in se n s itiv ity  to  serum  m a y  be d iffe ren t, b u t a cco rd in g  
to  p re sen t know ledge th e  m ost p ro b ab le  one is an  in h ib itio n  of th e  a c tiv a tio n  
or th e  b in d in g  o f com plem ent [158]. B inns e t al. [159] have  c o m p ared  th e  
traT  an d  iss  genes in th e ir  p h en o ty p ic  effects b y  th e  use of gene cloning. B o th  
genes w ere found  to  be sim ilar in  th e ir  effects b o th  q u a lita tiv e ly  an d  q u a n t i ­
ta tiv e ly . O n th e  base o f co m p lem en t co n su m p tio n  te s ts  th e y  concluded  th a t  
n o t th e  fo rm a tio n , b u t th e  ac tio n  o f th e  te rm in a l com plex  (C6-C9) w as in h ib ­
ited . In  an  earlie r p a p e r o f W rig h t an d  Levine [160] it  was a lread y  su g g ested  
th a t  th e  te rm in a l com plex  o f com p lem en t is fo rm ed  a t  th e  ju n c tio n s  b e tw een  
th e  inner a n d  o u te r  m em b ran e . T he effect m ay  be v e ry  specific, because p o in t 
m u ta tio n s  in th e  traT  gene causing  an  o v erp ro d u c tio n  o f a T raT -like p ro te in  
fail to  p ro te c t b a c te ria  from  com plem en t [156].

T he se ru m  resis tan ce  acq u ired  b y  an  occasional p lasm id  pick  up  m a y  also  
have  an  im p o r ta n t  ep idem iological im p o rtan ce . E .g . S. w ien  iso la ted  in  F ra n c e  
p rio r to  1970 h ad  been an tib io tic  sensitive a n d  caused  only  m ild sp o rad ic  
cases o f salm onellosis. Since 1970 th e  sam e se ro ty p e  (clone) acqu ired  m u ltip le  
an tib io tic  re s is tan ce  and  caused  severe in fec tions [161].

O n th e  o th e r  h an d , n o t all th e  p lasm ids an d  n o t in all of th e  s tra in s  in ­
creased  th e  serum  resis tan ce  [155]. M oreover, u r in a ry  E . coli s tra in s  w ere 
show n [162] to  c a rry  m u ltip le  p lasm id  species, w ith  an  average  n u m b er o f  4.7.
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T h e n u m b e r  of p lasm ids c a rr ie d  by  a s tra in  show ed  an  inverse co rre la tio n  w ith  
v iru le n c e . There are d a ta  [163] show ing t h a t  th e  increase of th e  genetic  m a ­
te r ia l  m a y  prolong g e n e ra tio n  tim e and  slow  dow n grow th , causing  th e re b y  a 
d e c re a se d  v irulence.

4 .2 .4 . Iron chelators

T h e  req u irem en ts  fo r b a c te ria l m u ltip lic a tio n  on m ucous m em b ran es, 
in  a n im a l  tissues or even  in  se ru m  are low  m o lecu la r w eight n u tr ie n ts , m ineral 
s a lts  a n d  an  ap p ro p ria te  p H . E n te ric  b a c te r ia  h a v e  sim ple n u tr i t io n a l re q u ire ­
m e n ts  a n d  m ost m u ta tio n a l defects in b io sy n th e tic  c a p ac ity  do n o t in fluence  
m u ltip lic a tio n  only b ecau se  th e  exogenous sources of such m a te ria ls  a re  a v a il­
a b le . O f course, som etim es th e  m u ta tio n a l e v e n ts  lead  to  av iru lcnce  due  to  
th e  la c k  o f exogenous s u p p ly , or to  som e p le io tro p ic  effects w hich  lead  to  
o th e r  defec ts  or dam ages. I n  th e  p a s t decade s tu d ie s  concern ing  th e  so lub iliza ­
t io n  a n d  tra n sp o rt of iron  w ere  followed b y  g row ing  in te re s t.

I ro n  is essential fo r m o s t organism s in c lu d in g  b ac te ria  b y  serv ing  e lec tron  
t r a n s p o r t  reactions. In  a n im a l hosts th e  iro n  is n o t availab le  for b a c te ria  b e ­
c a u se  i t  is bound to  h aem o sid e rin , m yog lob in , haem oglobin , e tc ., a n d  in  m i­
n u te  a m o u n ts  to  the iro n -b in d in g  p ro te in s  tra n s fe rr in  an d  la c to fe rr in . These 
b in d in g  p ro te in s  have  a h ig h  association  c o n s ta n t  to  ferric  ion, th e re fo re  th e  
a m o u n t  o f free iron  in  e q u ilib riu m  w ith  th e se  p ro te in s  is only  a b o u t 1 0 -18 m . 

T h  is le v e l is far from  th e  re q u ire m e n t of b a c te r ia l  g row th . T herefo re  th e  b a c te ­
r ia l  m u ltip lic a tio n  in  se ru m  a n d  tissues need s iro n  che la tin g  ag en ts  w ith  sim ilar 
a s so c ia tio n  co n stan ts  to  th o s e  of tra n s fe rr in  a n d  lac to fe rrin  [164].

E . coli grow ing in  iro n -d e fic ien t m ed ia  secretes 2 ,3-d ihydroxybenzo l-L - 
-se r in e  (D H B S) d e riv a tiv e s  a n d  am ong th e m  th e  m ain  p ro d u c t is en te ro ch e lin , 
th e  cy c lic  tr im er of D H B S . E n te ro ch e lin  is cap ab le  of rem ov ing  iron  fro m  its  
t r a n s f e r r in  com plex [165]. E n te ro ch e lin  p ro d u c e d  b y  S. typ h i-m u riu m  h a s  been 
sh o w n  to  he a v iru lence  fa c to r  [166]. In  th e  p resence of an tib o d ies  (e n te ro ­
ch e lin  bein g  antigenic) th e  syn th esis  or e x c re tio n  of en te roche lin  is in h ib ite d  
a n d  th is  is th e  case w hen E . coli s tra in s  p ro d u c in g  en te roche lin  w ere fo u n d  to  
b e  u n a b le  to  grow in sera  [167].

A  second ch e la to r sy s te m , th e  s id e ro p h o r is n o t p ro d u ced  b y  E . coli, b u t 
th e  fe rrich ro m e  com plex  is ta k e n  up by  th e m  [168]. I t  form s w ith  iro n  a fe rr itr i-  
h y d ro x a m a te  com pound  w ith  a high s ta b il i ty  c o n s tan t of 1029 [169]. A th ird  
h ig h  a f f in i ty  iron t r a n s p o r t  sy s tem  is t h a t  o f  fe rric  c itra te  [170].

E o r th e  u p ta k e  o f fe rr ic  iron  com plexes recep to r p ro te in s  in th e  o u te r 
m e m b ra n e  are req u ired . T hese  are specific  fo r ferric  en te ro ch e lin  [171], for 
fe r r ic h ro m e  [172], as w ell as for ferric c i t r a te  [171] an d  for fu r th e r  tra n s p o r t  
a ll o f  th e m  share a co m m o n  re q u ire m e n t fo r a fu r th e r  p ro te in , w hich  is th e  
p r o d u c t  o f  th e  ton li gene [171].
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In  1974 S m ith  [173] observed  th a t  in v as iv e  s tra in s  o f E . coli iso la te d  
from  sepsis o r m en in g itis  a re  p red o m in an tly  h a rb o u rin g  colY p lasm id . T h is 
w as su p p o rte d  in  fu r th e r  s tu d ie s  [174] w hich also show ed  a p ro longed  su rv iv a l 
o f co lV + s tra in s  in  th e  a lim e n ta ry  tra c t.  T h is v iru len ce  fac to r  h o u n d  to  th e  
p resence  o f colV p lasm id  w as in d ep en d en t from  colicin  V p ro d u c tio n  or im ­
m u n ity  [175]. F u rth e rm o re , a sep a ra te  gene o f p la sm id  colY was o b se rv ed  to  
he co n n ec ted  w ith  v iru len ce  b y  coding a new  iro n  ch e la to r system  [176, 177], 
w ith  an  ex tra c e llu la r  iro n  ch e la tin g  com pound  a n d  a non-d iffusib le  p ro d u c t 
ta k in g  p a r t  in  th e  t r a n s p o r t  process across th e  m em b ran e . T his s iderophore  is a 
h y d ro x a m a te  com p o u n d  [178] id en tica l w ith  th e  ae ro b ac tin  p ro d u ced  b y  
Aerobacter aerogenes [179]. A ero b ac tin  m ay  he th e  sole siderophore p ro d u c t o f 
ce rta in  Salm onella  s tra in s  [179] an d  S. f le x n e r i  ty p e s  [180].

I t  is o f special in te re s t  how  ae ro b ac tin  p ro d u c tio n  ensure an  a d v a n ta g e  
for in v asiv e  E . coli s tra in s  w hich sy n th èse  o th e r  siderophores. A ccord ing  to  
W a rn e r e t al. [179] th e  m o st im p o r ta n t c h e la to r , en te roche lin , is chem ica lly  
an d  enzym ologically  less s ta b le  an d  less so lub le  th a n  aero b ac tin  a n d  i ts  iron  
com plexes are p H  d e p e n d e n t an d  its  sy n th esis  a n d  iron  release req u ire  m u ch  
m etab o lic  energy.

4.2.5. H aem olysins

In  th e  p rev ious p a ra g ra p h  it  was s ta te d  t h a t  th e  iron  supp ly  fo r b a c te r ia  
depends on the  sid ero p h o res  in  an im al tissues. A n ex cep tio n  to  th is  is th e  lysis 
of red  b lood  cells w hich  p rov ides large a m o u n ts  o f  iron  for b ac te ria  t h a t  can  
assim ila te  hem e co m p o u n d s [181, 182]. T his in  i ts e lf  m ay  su p p o rt th e  id ea  th a t  
h aem olysin  p ro d u c tio n  m a y  he considered one o f th e  v iru lence  fac to rs .

As early  as 1921 D udgeon  et al. [183] su g g ested  th a t  h aem o ly tic  a c t iv i ty  
m ig h t he im p o r ta n t in  th e  v iru lence  of E . coli fo r th e  u r in a ry  t ra c t .  I t  is k n o w n  
th a t  E . coli s tra in s  iso la ted  from  e x tra in te s tin a l in fec tio n s are  m ore h aem o ly tic  
th a n  th e  faecal s tra in s . M in sh e w e ta l. [56] fo u n d  th is  ra tio  to  be 4 9%  in  e x tra -  
in te s tin a l iso lates. T he faecal ra tio  w as fo u n d  to  b e  betw een  8%  an d  18%  [ 184, 
185]. H aem o ly tic  E . coli s tra in s  w ere iso la ted  fro m  u rin e  in  42%  an d  from  b lood  
in 2 9 %  b y  E v an s e t al. [137].

F o u r d iffe ren t ty p e s  o f E . coli haem olysin  h a v e  been d isting u ish ed  [186]. 
A m ong th e m  th e  m o st im p o r ta n t  ones are  th e  a lp h a - an d  b e ta -h aem o ly sin s . 
T he b e ta - ty p e  is cell h o u n d  [185] an d  seem s to  p la y  no role in  v iru lence  [186]. 
A lpha-haem olysin  is a cell-free, diffusible a n d  f ilte ra b le  p ro te in  p ro d u ced  d u r ­
ing  th e  log-phase g ro w th  o f  E . coli p e rh ap s b y  m o d ifica tio n  o f a p recu rso r m o ­
lecule p re se n t in  m ea t o r b lood  of th e  m ed ium  [183, 188-190]. A lp h a -h aem o ly ­
sin is th e  only  ty p e  co nsidered  to  be a v iru lence  fac to r .

T here  are  n u m ero u s  rep o rts  a b o u t th e  gen era l to x ic ity , or le th a l e ffect 
o f h aem olysin  in  m ice [185], or in  chick em b ry o s [56, 187], its  n ec ro tic  effect
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o n  r a b b i t  sk in  [191], an d  th e  p ro d u c tio n  o f  a le th a l, haem o rrh ag ic  o edem a in 
m ice  in o cu la ted  by  nasa l in s tilla tio n  [187, 192]. A fter in trav en o u s  in o cu la tio n  
o f  h a e m o ly tic  E . coli s tra in s , lysosom al d is ru p tio n  and  focal necrosis w as o b ­
s e rv e d  in  th e  r a t  k id n ey  [193]. In  o th e r  a n im a l m odels of u r in a ry  t r a c t  in fec­
t io n  th e  haem olysin  p ro v ed  to  be a v iru len ce  fa c to r  [63, 194, 195]. T h ere  are 
r e p o r t s  also abou t th e  in  v i tro  cy to to x ic  e ffec t o f haem olysin  in  cell cu ltu res  
o f  c h ic k  em bryo  f ib ro b la s t cells [196], or h u m a n  am nio tic  AY-3 cells [63].

T h e  above d a ta  o r ig in a te  from  ex p e rim en ts  p erfo rm ed  w ith  h aem o ly tic  
s t r a in s  o r c rude  haem o ly sin . W ith  p a r tia lly  p u rified  haem olysin  R en n ie  an d  
A r b u th n o t t  [190] fa iled  to  d e m o n s tra te  m ouse or ra b b it to x ic ity . On th e  
o th e r  h a n d , C avalieri an d  S n y d e r’s [197] 19-fold p u rified  p ro d u c t show ed  in 
n a n o g ra m  am o u n ts  a c y to to x ic  effect ru n n in g  p a ra lle l w ith  th e  h igh h aem o ly ­
t ic  a c t iv i ty .

T h e  difficulties in p u r if ic a tio n  cause p ro b lem s in  th e  m olecu lar c h a ra c te r ­
iz a t io n  o f  haem olysin . A cco rd in g  to  th e  ab o v e  d a ta  [190, 197] th e  m easu red  
m o le c u la r  w eight is a b o u t 300 000 d, b u t w hile  som e found it  in  p u re  p ro te in  
c o m p o s itio n  [190], o th e rs  d e m o n s tra te d  a considerab le  c a rb o h y d ra te  c o n te n t 
[197] w h ich  m ay have been  a n  en d o to x in  c o n ta m in a tio n . T here is som e uncer- 
t a i n i t y  even  in m olecular w eigh t d e te rm in a tio n : th e  above h igh  m olecu lar 
w e ig h t  m a y  be th e  consequence  of a g g reg a tio n , a n d  accord ing  to  W illiam s [198] 
m o n o m e ric  haem olysin  has a m olecu lar w e ig h t o f 120 000 d.

F u r th e r  problem s co n cern  th e  p ro d u c tio n  an d  release of h aem o ly sin . 
A c c o rd in g  to  S pringer a n d  G oebel [199] tw o  tra n s p o r t  processes a re  in v o lved  
in  th e  sec re tio n  of haem o ly sin . In  th e  f irs t  en e rg y -d ep en d en t process th e  h a e m o ­
ly s in  is re leased  th ro u g h  th e  in n e r m em b ran e  a n d  accum ula tes in a sm all pool 
in  th e  p e rip la sm a tic  space. In  th e  second, e n e rg y -in d ep en d en t, b u t te m p e ra tu re -  
d e p e n d e n t  process th e  h aem o ly sin  is re leased  th ro u g h  th e  o u te r m em b ran e .

T h e  genetic  b a c k g ro u n d  o f a lp h a -h aem o ly sin  p ro d u c tio n  is also  a m a tte r  
o f  d iscu ss io n . In  an  ea rly  p a p e r  o f S m ith  a n d  H alls [200] th e  p la sm id  coded 
n a tu r e  o f  th e  a lp h a-h aem o ly sin  of E . coli w as a lre a d y  re p o rte d  an d  th e  p lasm id  
w as  d e s ig n a te d  as H ly . T h is f in d in g  w as su p p o r te d  b y  th e  stud ies o f G oebel and  
S c h re m p f  [201] and  G oebel e t al. [202]. In  a la te r  w ork o f th is te a m  [203] th e  
in v e s t ig a te d  H ly  p lasm id  w as found  to  be an  associa te  ty p e  w ith  a m o lecu lar 
size  o f  41 Md and  th e  D N A  seg m en t d ire c tin g  th e  haem olysin  sy n th e s is  an d  
s e c re tio n  o f 3.2 Md size. T h is  seg m en t was su p p o sed  to  co n ta in  a t le a s t  3 cis- 
t r o n s ,  tw o  of w hich are  co d in g  th e  sy n th es is  a n d  th e  th ird  th e  secre tion .

S om e o th e r d a ta  a re  seem ing ly  c o n tra d ic to ry  to  th e  above fin d in g s. 
F i r s t  o f  a ll, t h a t  H ly  p la sm id s  belong to  d iffe re n t co m p a tib ility  g ro u p s [204, 
2 0 5 ], fu r th e rm o re  m ost o f th e  h aem o ly tic  s tra in s  o f E . coli of h u m a n  origin 
w ere  fo u n d  to  p roduce ch ro m o so m ally  coded  haem olysin  [206]. T h ese  c o n tra ­
d ic tio n s  cou ld  be ex p la ined  b y  th e  fin d in g  t h a t  th e  p la sm id -m ed ia ted  haen io - 
ly s in s  h a v e  generally  hom ologous gene sequences irre sp ec tiv e  o f th e  co m p a ti-
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b ili ty  g ro u p  of th e  p la sm id s  [205]. M oreover, b o th  p la sm id  an d  ch rom osom al 
coded haem olysin  genes w ere  show n to  sh a re  hom ologous D N A  sequences [207]. 
T hese d a ta  m ay  p e rh a p s  suggest th e  tra n sp o so n  n a tu re  o f th e  gene(s) o f  
a lp h a-haem olysin  in te g ra te d  in  som e cases in to  p lasm id s an d  in o th e r  cases 
in to  th e  b ac te ria l genom e.

T h e  serogroup  d is tr ib u tio n  of th e  h aem o ly tic  a b ili ty  o f E . coli seem s like  
th e  o th e r  v iru lence  fa c to rs  to  be ra th e r  lim ited . T h e  m o st f req u en t h aem o ly tic  
serog roups am ong p ig  p a th o g e n s  are  0 8 , 0138 , 0 1 3 9  a n d  0141  [185], a n d  in  
h u m an s 0 4 , 0 6  and  0 1 8 a , c [192], less fre q u e n tly  0 2 0 , 0 7 5 , 0115  an d  0 1 4 7  
[208].

A m ong o th e r g en era  o f en teric  b a c te r ia  th e  h ig h  incidence of h aem o ly tic  
Proteus m organii s tra in s  iso la ted  from  u rin e  is n o te w o rth y . P re lim in a ry  s tu d ie s  
[209] show ed a h igher m ouse  an d  ch ick  em bryo  v iru len ce  o f  h aem o ly tic  s tra in s  
an d  a decrease in th e ir  v iru len ce  a f te r  th e  loss o f  h aem o ly tic  ab ility  fo llow ing  
ac tin o m y c in -D  tre a tm e n t .  T he la t te r  o b se rv a tio n  m a y  suggest a p lasm id  coded  
n a tu re . M oreover, on th e  basis o f c ro ss -n e u tra liz a tio n  ex p erim en ts , th e  a lp h a - 
haem o ly sin  of E. coli a n d  P . m organii seem  to  be id e n tic a l [210].

W e have no d a ta  a b o u t th e  sign ificance of th e  fre q u e n t incidence of h a e m o ­
ly sin  p ro d u c tio n  am o n g  Serratia  marcescans s tra in s  [204] or o f th e  V. cholerae 
b io ty p e  el-tor [211]. T h e  v ib rio ly sin  o f th e  la t te r  w as fo u n d  to  be c y to to x ic , 
c a rd io to x ic  and  le th a l in  ex p e rim en ta l an im als. On th e  o th e r  h an d , th e  le th a l 
v ib rio ly s in  of V. parahaem olyticus  [212] p ro v ed  to  be closely  re la te d  to  th e  
h u m a n  p a th o g en ic ity  o f  th e  s tra in s  [213].

5. R ela tionsh ips of v iru lence  factors. Conclusions

M ost of th e  v iru le n c e  fac to rs d iscussed  in  th e  p rev ious p a ra g ra p h s  are  
n o t th e  o n ly  elem ents o f  p a th o g e n ic ity . Som etim es th e y  are  p ro v id in g  an  essen ­
t ia l ,  som etim es an  accesso ry  ad d itiv e  fa c to r  o f th e  p a th o g en ic  process.

C onsidering th e  ro le  o f adhesins, in  genera l th e y  seem  to  be im p o r ta n t  
fa c to rs  o f v iru lence. T h e ir  loss m ay  allow  th e  m icrobes to  be sw ep t aw ay  b y  
f lu id  or o th e r  m o v em en ts  an d  th e  in fec tiv e  process w ill n o t develop a t  all. In  
o th e r  cases th e  adhesiv en ess  m ay  be o f  seco n d ary  s ign ificance : e.g. in  th e  case 
o f V. cholerae som e d a ta  suggest t h a t  even w ith o u t co lon ization  th e  ac tiv e  
p e n e tra tio n  of m ucus b y  ch em o tac tic  m o v em en ts  o f th e  v ib rios p ro v id es  
enough  to x in  for cau sin g  clinical sy m p to m s. S im ila rly , w ith  p a th o g en s  p e n ­
e tra t in g  across th e  ep ith e liu m  like salm onellae  a n d  sliigellae, th e ir  adhesion  
m ig h t be o f seco n d ary  im p o rtan ce .

O n th e  o th e r h a n d , even in cases w here th e  adhesion  is an  im p o r ta n t  
f ir s t  s tep  of the  in fec tio u s process, th e  a d v a n ta g e  o f adhesins tu rn s  to  a d is­
a d v a n ta g e  for th e  p a th o g e n  reach ing  th e  su b m u co sa l tissues. B a c te ria  w ith
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a p p e n d a g e s  of h y d ro p h o b ic  n a tu re  su ch  as f im b riae , are  easily  p h ag o cy ted  
b o th  b y  m acrophages a n d  g ran u lo cy tes  [214, 215]. This w as c le a rly  d em o n ­
s t r a t e d  b y  S ilv e rb la tt a n d  O fek [73] in  e x p e rim e n ta l Proteus m irab ilis  in fec tion  
o f  r a t s .  T hey  fo u n d  t h a t  w e ll-fim b ria ted  b a c te r ia  show ed a h ig h e r in fe c tiv ity  
r a t e  an d  were p re d o m in a n tly  iso la ted  fro m  th e  ren a l pe lv is. O n th e  o th e r 
h a n d ,  th e  m a jo rity  o f  b a c te r ia  w hich re a c h e d  th e  ren a l c o rte x  were non- 
f im b r ia te d . The c o n tro v e rs ia l fu n c tio n in g  o f f im b riae  in  th e  d iffe re n t steps o f 
in fe c tio n  is ba lanced  in  d iffe re n t w ays. O ne o f  th e m  m ay  be th e  lab ile  expression  
o f  f im b ria e  p e rm ittin g  ch an g es betw een  f im b r ia te d  an d  n o n -f im b ria te d  s ta te s . 
I t s  geno ty p ic  (p lasm id  coded) an d  p h en o ty p ic  fea tu res  have  a lre a d y  been d is­
c u sse d . A nother p o ss ib ility  m ay  be p ro v id ed  b y  a lte rin g  or m ask in g  th e  fim bria! 
su rfa c e  h y d ro p h o b ic ity  b y  a n o th e r su rface  co m p o n en t, e.g. b y  К  an tig en s.

T he la t te r  p o ss ib ility  w as d e m o n s tra te d  w ith  E . coli s tra in s  iso la ted  
f ro m  u rin a ry  t r a c t  in fe c tio n s : a h igh fre q u e n c y  o f adhesiveness w as asso c ia ted  
w i th  a sim ilarly  h ig h  f re q u e n c y  of som e acid ic  p o ly sacch arid e  К  an tigens 
[56 , 137].

T he im p o rtan ce  o f som e o th e r v iru lan ce  fac to rs  m ay  d ep en d  on  th e  p a r t ic ­
u la r  pa thogen ic  m ic ro o rg an ism  and  on th e  p a r tic u la r  site  o f  th e  in fec tion . 
I t  is easy  to  u n d e rs ta n d  t h a t  a fac to r like h aem olysin  shou ld  h a v e  no  or l i t t le  
ro le  in  th e  p a thogenesis  o f  cholera , because  V. cholerae b io ty p e  e l-to r is n o t 
in v a s iv e  b u t p roduces a p o te n t  to x in . T h is is also tru e  fo r th e  en te ro to x ic  
e n te ro p a th ie s  caused  b y  E . coli. In  these  co n d itio n s , S m ith  a n d  L inggood [216] 
o b s e rv e d  no role o f h aem o ly sin  p ro d u c tio n  in  c o n tra s t to  its  im p o rta n c e  in  
p a re n te r a l  in fections. I n  a d d itio n , haem o ly sin  m ay  be a s ig n ifican t v iru lence  
f a c to r  o f E . coli w hen  i t  is in v a d in g  su b m u co sa l tissues or causing  b a c te ria em ia . 
T h e  focal necro tic  lesions cau sed  b y  i t  [193] or securing  th e  iro n  su p p ly  of th e  
a g e n t  [181, 182] are  su ff ic ie n tly  im p o r ta n t  in  them selves. F u th e rm o re , th e  
h a e m o ly s in  m ay b y  its  leu k o c id a l ac tio n  be a co u n te rb a lan c in g  fa c to r  of th e  
p h a  gocytosis p ro m o tin g  e ffec t of fim b riae  [187 |. I t  is th e re fo re  n o t  su rp ris in g  
t h a t  th e re  is a h igh co inc idence  ra te  be tw een  adhesiveness an d  th e  h aem o ly tic  
c h a ra c te r  in th e  u r in a ry  iso la te s  o f E . coli [56, 58] suggesting  p e rh a p s  a sy n e r­
g is tic  effect. S im ilar re la tio n s  w ere observed  in  e x tra in te s tin a l iso la te s  o f E . coli 
in  re sp e c t of ColY (a e ro b a c tin ) , h aem olysin  a n d /o r adhesiveness [56].

T hese d a ta  su g g est t h a t  th e  a fo rem en tio n ed  co m b in a tio n s o f d iffe ren t 
v iru le n c e  factors h av e  ev o lv ed  u n d er th e  e ffec t o f n a tu ra l se lec tion . A ccord ing  
to  p re s e n t  know ledge th e  m o st easy  w ay  to  b u ild  up such a p a th o g e n  is done 
b y  p ick in g  up p lasm id s, a n d  i t  has been m e n tio n e d  in th is  rev iew  t h a t  th e  v i r ­
u le n c e  fac to rs lis ted  a re  p re d o m in a n tly  p la sm id  coded. F u r th e rm o re , som e­
tim e s  m ore th a n  one co d in g  sequence o f v iru len ce  fac to rs is ca rr ied  b y  an  asso­
c ia te d , com posite p la sm id  e lem en t. I t  is th e re fo re  on ly  n a tu ra l  th a t  m ost 
r e p o r ts  describe som e v iru len ce  fac to r (m o stly  en te ro to x in ) d e te rm in a n t c a r ­
r ie d  b y  an  R p lasm id  [217—221], an d  th e re  a re  d a ta  on h e a t-s ta b le  e n te ro to x in
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(ST) d e te rm in an ts  w h ich  to g e th e r  w ith  som e ad h esin  cod ing  sequences are 
ca rried  hy  one p la sm id : like ST +  K 88 [222], ST a n d  K 99 [223], ST +  C FA /I 
[224], an d  ST -f- C F A /II  [50]. T he fre q u e n t presence  o f ST in  th e se  co m b in a­
tio n s  is exp la ined  b y  its  tran sp o so n  n a tu re  [225] p e rm ittin g  easy  in teg ra tio n  
in to  d iffe ren t genom es.

I t  seems th a t  th e  con tin u o u s evo lu tion  of en te ric  p a th o g en s  is due even 
to d a y  to  n a tu ra l selec tion . T he m o st su itab le  clones th a t  p ick  up  d ifferen t 
p lasm id s or are fu r th e r  am plified  b y  tran sp o so n s , are  sp read in g  an d  m ay  
arise  new  problem s in  bac te rio lo g ica l d iagnostic  w ork , ep idem io logy  an d  clin i­
cal th e ra p y .
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EFFECT OF A NEW FONGICIDE (PNDP) ON THE 
MINOR NUCLEOTIDE CONTENT OF F U S A R I U M

OXYSPORUM

E r z s é b e t  J a k u c s , I l o n a  R á c z  an d  D. L á s z t i t y

Departm ent o f  M icrobiology , and D epartm ent o f  P lant Physiology ,
Eötvös L oránd  U niversity , Budapest

(R eceived  Ju n e  3, 1982)

T he m inor nucleo tide  co n stitu e n ts  of rR N A  fro m  th e  p la n t pathogenic fu n g u s F u sa riu m  
oxysporum  w ere in v es tig a ted . W hen th e  fu n g u s was grow n for 8 days in  aera ted  liq u id  cu ltu re  
th e  follow ing m inor nucleo tides were id en tif ie d  from  18S an d  25S rR N A : m°A, m 2A , m |A , 
m 1G, m 2G, m |G , m 3C, Cm, in5C, in3U , U rn, cm 5U, rT  a n d  tp. P N D P  ( ±  th re o - l-p h e n y l-2 -  
-n itro -1 ,3  d iace to x y -p ro p an e), a new fungicide  of unkn o w n  biochem ical m ode of a c tio n , caused  
a g re a t decrease  in th e  m inor nucleo tide  c o n te n t o f th e  fungus. O nly seven m in o r n u c leo tid e s 
were p re sen t in  th e  rR N A  of th e  fungus grow n in P N D P -c o n ta in in g  m edium . A h y p e rm o d ified  
nucleo tide , m cm 5S2G, was found  in tre a te d  b u t  no t in u n tre a te d  fusarium . On co m p a rin g  th e  
effect of P N D P  w ith  th a t  o f know n p ro te in  sy n th esis  in h ib ito rs  such as cyclo h ex im id e  an d  
ch lo ram phen ico l, i t  was concluded th a t P N D P  ac ted  sim ila rly  to  cyclohexim ide, a  c y to p la s ­
m ic p ro te in  sy n th esis  in h ib ito r . I t  is suggested  th a t  th e  m ode of action  of P N D P  m a y  be th e  
in h ib itio n  of th e  sy n th esis o f R N A  m odify ing  enzym es o f F . oxysporum.

A lth o u g h  a n u m b e r of rR N A  p r im a ry  sequences have  been d e te rm in e d , 
little  in fo rm a tio n  is ava ilab le  on th e  m od ified  nucleo tides w hich a re  fo rm ed  
du ring  th e  p o s t- tra n sc r ip tio n a l m a tu ra tio n  o f  rR N A s. No such in fo rm a tio n  is 
av a ilab le  on th e  rR N A  o f F usarium  oxysp o ru m , e ith e r.

T he p re se n t p a p e r describes th e  m in o r n u c leo tid e  c o n s titu e n ts  o f  th e  
18S an d  25S rR N A  o f F . oxysporum  an d  show s th e  changes in d u ced  in  th e se  
c o n s titu e n ts  b y  P N D P , a new  fung icide w hich , p ro b a b ly  b y  its e ffec t on  th e  
sy n th esis  o f  cy to p lasm ic  m odify ing  enzym es, causes a g rea t decrease in  m ino r 
n u c leo tid es .

M aterials and m ethods

Iso la tion  and p u rifica tio n  o f  H N A . T o ta l R N A  w as e x tra c te d  from  8-d ay -o ld  a e ra te d  
liq u id  c u ltu re s  o f F . oxysporum  grow n in m od ified  C zapek m edium  [1] a t  25 ^  2 °C in  d iffuse  
lig h t. P N D P  tre a tm e n t w as carried  o u t b y  ad d in g  8 /<1 o f 1000 mg/1 DMSO s to ck  so lu tio n  to  
1 1 ste rilized  liqu id  m edium , to a fin a l co n ce n tra tio n  o f  0.08 m g/1. This c o n ce n tra tio n  is th e  
E C 50 v a lu e  o f P N D P  ( th e  50%  in h ib ito ry  co n ce n tra tio n ) fo r F . oxysporum. T h e  c u ltu re  m e­
dium  was in o cu la ted  w ith  1 m l o f 108/m l con id ia l suspension  o b ta in ed  from  a 4-w eek-old  c u ltu re  
o f th e  fu ngus grow n on p o ta to -d e x tro se  agar. M ycelia o f th e  fungus were filte red  in  v acu o  a n d
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fro ze n  w ith  liqu id  n itro g en , th e n  hom ogenized and  e x tr a c te d  b y  th e  phenol m eth o d  as described  
b y  K irb y  [2].

C rude R N A  frac tio n s  w ere  sep a ra ted  by S ep h aro se  4B  colum n c h ro m a to g rap h y , g iving 
p u re  18S an d  25S frac tio n s . T h is  m eth o d  has been  u sed  fo r  th e  sep ara tio n  of p ro te in s , p o ly ­
sa c ch a rid e s  an d  g lycopro te ides [3], for tR N A  frac tio n s  [4] a n d  for o b ta in ing  D N A -free  R N A  
p re p a ra tio n s  [5], and m R N A  p re p a ra tio n s  [6] b u t  th is  w as th e  f irs t occasion w hen  S epharose  
4B  h a s  been  used for th e  fra c tio n a tio n  of rR N A  e x tra c ts .

T h e  sep ara tio n  w as done  as follows. 5000 А 2Г)0 u n i ts  o f crude R N A  e x tra c t  dissolved 
in  20 m l d istilled  w a ter w ere lo ad e d  on a 3.5 X 40.0 cm  S ep harose  4B colum n p rev io u sly  eq u i­
l ib ra te d  w ith  0.7 M (N H 4) 2S 0 4 so lu tion . E lu tion  w as c a rr ie d  o u t  w ith  a sa lt g ra d ie n t o f 0.7 M 
(N H 4) 2S 0 4 to  distilled w a te r . T h e  (N H 4)2S 0 4 was d isso lv ed  in  buffer A, w hich  co n sisted  of 
0.01 M so d iu m  ace ta te , 0.01 м  M gC l2, and 0.001 м N a 2E D T A , p H  4.5.

T h e  colum n pu rified  rR N À  from  low m olecu lar w e ig h t R N A s (tR N A s an d  h y d ro ly sa te s)  
a n d  se p a ra te d  18S and  25S R N A  as well. The h o m o g en e ity  o f th e  purified  frac tions w as checked  
b y  gel-e lec trophoresis as d e sc rib ed  by  Loening [7, 8 ].

H ydrolysis and fra c tio n a tio n  o f  R N A  by an ion  exchange chromatography. A cid hydro ly sis  
o f th e  R N A  was carried  o u t  b y  u sin g  1 N HC1 a t  100 °C fo r  1 h. The an ion  ex ch an g er D ow ex 
1 x 8  w as used  in  a c e ta te  fo rm , p rep ared  as described  b y  Cohn [9]. T hen  1000 A 2G0 u n its  of 
th e  h y d ro ly sa te  were lo ad ed  on tlie  colum n, w hich  w as e q u ilib ra ted  w ith  am m o n iu m  a c e ta te  
b u ffe r  p H  9. A stepw ise e lu tio n  w as carried  o u t b y  u s in g  0.3 м am m onium  a c e ta te  p H  9,
0.5 M am m o n iu m  a ce ta te  p H  5.4 and  0.5 м am m o n iu m  a c e ta te  p H  1, in th a t  o rder. T he p H  
w as a d ju s te d  w ith  c o n c e n tra te d  HC1. The colum n size w as 0.8 X 50 cm , and  th e  flow  ra te  
w as 24 m l/h .

T h e  frac tions w ere p o o led , desalted  on a S e p h a d ex  G-10 colum n an d  fu r th e r  an alysed  
b y  th in - la y e r  c h ro m a to g rap h y .

T hin-layer chromatography. T en A 2f)0 un its  o f n u c leo tid e s  em erging as in d iv id u a l peaks 
fro m  th e  D ow ex 1 x 8  co lu m n s w ere applied to M N -300 cellulose th in -lay er p la te s . T h e  ch ro ­
m a to g ra m  was developed in  tw o  dim ensions acco rd ing  to  B jo rk  and  Stevensson [10], an d  th e  
c o n s t itu e n ts  were id en tified  on th e  basis of th e ir UY sp e c tru m  [11].

R esults

M in o r nucleotides in  the 18S R N A  o f  F . oxyspórám . T he m a te r ia l in  
f ra c tio n  1 e lu ted  from  th e  D ow ex 1 x 8  co lu m n  (F ig . 1) co n ta in ed  m 3C an d  
in 3U , w hile  frac tion  2 co n sis ted  of m 1G, rm G , m °A , m 2A, rT , G an d  A to g e th e r  
w ith  an  u n id en tified  m in o r com ponent (F ig . 2). T h e  3rd peak  co n ta in ed  m 3U, 
th e  4 th  m^A, th e  5 th  m xA , th e  6 th  Urn a n d  U . F rac tio n  7 co nsisted  o f Cm 
a n d  m 5Cm in ad d itio n  to  A p. T he 8 th  peak  c o n ta in e d  A p, Gp and  th re e  m e th y la t­
ed  d e riv a tiv e s , viz. m 2G p, m^Gp and  m ^Gp. F ra c tio n  9 did n o t c o n ta in  an y

F ig . 1. C hro m ato g rap h y  on  D ow ex  1 x 8  colum n of a n  acid  h y d ro ly sa te  o f 18S rR N A  e x tra c te d
from  F. oxysporum
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Fig. 2. S p ec tra  of th e  u n id en tified  m in o r com ponen t (n. 1) o f  frac tio n  2 o f D ow ex 1 x 8  
colum n from  18S rR N A  of F . o x ysp o ru m .---------- a t  p H  1; a t  p H  13

Fig. 3. C h ro m ato g rap h y  on D ow ex 1 x 8  colum n of an  acid  h y d ro ly sa te  o f 25S rR N A
e x tra c te d  from  F . oxysporum
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F ig . 4. C hro m ato g rap h y  on  D ow ex 1 x 8  colum n o f a n  acid h y d ro ly sa te  o f 18S -f- 25S 
rR N A  e x tr a c te d  from  F. oxysporum  t r e a te d  w ith  P N D P

m o d ified  nucleo tide . T h e  1 0 th  frac tion  c o n ta in e d  A p, Up an d  rT p  an d  th e  
1 1 th  U p and тр\>. T h e  la s t  th re e  frac tio n s, e lu te d  a t  p H  1, consisted  of pA p 
a n d  pCp.

M  inor nucletotides in  the 25S  R N A  o f  F . oxysporum . Since th e  G an d  A 
d e riv a tiv e s  are s lig h tly  so lu b le  a t alkaline p H  a n d  p a r t ly  p re c ip ita te  a t  p H  9, 
th e  f ir s t  elution b u ffe r  u sed  w ith  th e  D ow ex 1 x 8  colum n. T his p re c ip ita te  
w as frac tio n  1 an d  i t  c o n ta in e d  A, C an d  m 1G. T he 2nd fra c tio n  e lu ted  from  
th e  co lum n (Fig. 3) c o n s is te d  of m :iU, in 'A  a n d  m iG. The c o n s titu e n ts  of th e  
3 rd  p e a k  could n o t be  id e n tif ie d . P eak  4 c o n ta in e d  m 6A an d  p e a k  5 U m p, 
rT p  an d  cnr’U. In  f ra c t io n  6, m 2Ap was id e n tif ie d  besides Gp an d  Ap. The 
ac id ic  fractions 7, 8 a n d  9 co n ta in ed  pA p, p U p  an d  rnlG p, re spec tive ly .

M inor nucleotides in  the I8 S  -f- 25S R N A  o f  F . oxysporum  treated with 
P N D P .  The c h ro m a to g ra p h ic  profile of th e  tr e a te d  fu sa riu m  R N A  (Fig. 4) 
c o n ta in e d  fewer p eak s  th a n  th a t  of u n tre a te d  R N A . The a lk a lin e  p re c ip ita te  
c o n ta in e d  m ’G, m^G, G a n d  A, the f irs t e lu te d  p eak  C, Cm, A an d  U. in i A, 
U  a n d  m 3U were id e n tif ie d  in  peak  2, an d  A, Gp an d  m 2G in p e a k  3. Besides 
G p an d  m ’A, frac tio n  4 c o n ta in e d  a h y p e rm o d ified  th io -d e riv a tiv e , m cm ’S2U, 
w h ic h  was n o t id e n tif ie d  from  u n tre a te d  fu sa riu m . T he 5 th  p eak  co n ta in ed  
G p , A p and  m2G, a n d  th e  6 th  pA p and pU p .

T able I  lists th e  m in o r  nucleo tides id e n tif ie d  from  th e  18S an d  25S rR N A  
o f u n tre a te d  F. oxysp o ru m  an d  from  th e  18S -f- 25S rR N A  o f P N D P -tre a te d  
fu n g u s . Table I I  show s th e  differences o b se rv ed  in m inor n u c leo tid e  co n te n t 
w h e n  com paring  u n tr e a te d  an d  P N D P -tre a te d  fungus rR N A .
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Table I
The m inor nucleotides o f  18S and  25S  rR N A  o f  untreated and  18 -f- 25S rR N A  

fro m  P N D P -trea ted  F . oxysporum

U ntreated U n trea ted  PND P-treated
Minor component. 18S rRN A  25S rR N A  18 -f 25S rRNA

Adenine derivatives
m°A + —
m 'A 4 - + —
m 2A + + +

o iß A — +

G uanine deriva tives

m |G + + +

m 'G + + +

m 2G + — - f

C ytosine deriva tives

m 3C + — —
Cm + — +

m 5C + — -

U rid ine  deriva tives

m 3U f* + +

Urn + " b +

cm 5U + H- -

V + — -
rT + + —
m cm 5S2U - — +

Table П

M in o r nucleotide components o f  untreated  and  
P N D P -trea ted  rR N A  o f  F . oxysporum

Minor nucleotides 
detected in both 

untreated and PN D P 
treated  rR N A

Minor nucleotides 
detected in 

untreated rRNA 
only

M inor nucleotides 
detected  in PN D P 

tre a ted  rRN A  
only

m 2A m6A m cm 5S2U

m fA m 'A

m 2G m 3C

m 'G m5C

m 2G cm 'U

Cm V
m 3U rT
U m
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D iscussion

In  th e  p re se n t w o rk  th e  m inor n u c leo tid e  com position  o f  rR N A  from
F . oxysporum , a p la n t  p a th o g en ic  fu n g u s , an d  th e  effect o f P N D P , a new 
fu n g ic id e , was s tu d ied .

F ifteen  m inor n u c leo tid es  could  be id en tified  in 18S rR N A . T hese were, 
m f’A , m 1A, m 2A, mj]A, nFG , m 2G, írUG, in :iC, Cm, m°C, m 3U, U rn , cm 5U, rT 
a n d  ip. Several o f th e m  (mj]A, m2G, m :!C, Cm, m 5C and  y>) cou ld  n o t he dem ­
o n s tr a te d  in  th e  25S rR N A  of u n tr e a te d  F. oxysporum . As i t  is know n, 
25S  rR N A  co n ta in s less m ino r co m p o n en ts  th a n  18S. T he p resen ce  o f mjÍA in 
18S rR N A  was c h a ra c te r is tic . An in te re s tin g  find ing  w as th e  p resen ce  of rT  
in  fu n g u s  R N A . T his m in o r co m p o n en t h as  been  iden tified  o n ly  in  th e  16S -|- 
-f- 23S RN A  of p ro k a ry o tic  Escherichia coli [12-14] and  in th e  18S -f- 25S R N A  
o f  w h e a t [15]. T his w as th e  f irs t case w h en  i t  has been fo u n d  in  a fungus 
sp ec ies .

T re a tm e n t w ith  P N D P  caused a g re a t decrease in  th e  m in o r nucleo tide  
c o n te n t  o f F. oxysporum  R N A . T he 18S -f- 25S R N A  iso la ted  fro m  fungus 
g ro w n  on P N D P -co n ta in iiig  m edium  c o n ta in e d  only 7 m inor n u c leo tid es . An 
in te re s t in g  h y p erm o d ified  co m ponen t, m cm °S2U, was iden tified  from  th e  t r e a t ­
ed  fu n g u s  R N A  b u t w as n o t p resen t in  th e  u n tre a te d  fungus.

T he in h ib ito ry  e ffec t of P N D P  on th e  fo rm atio n  of m in o r nuc leo tid es  is 
s im ila r  to  th a t  o f cyclohex im ide , a cy to p la sm ic  p ro te in  syn th esis  in h ib ito r  [15]. 
C yclohex im ide  is kn o w n  to  in h ib it th e  sy n th es is  of R N A  m o d ify in g  enzym es 
w h ic h  are p ro te in s  fo u n d  in  sm all a m o u n ts ;  th e y  are th ere fo re  su ita b le  m a rk ­
e rs  o f  th e  in h ib itio n  o f cy to p lasm ic  p ro te in  syn thesis .

I t  is suggested  th a t  th e  decrease o f  m odified  n u c leo tid es  o f P N D P - 
t r e a te d  F . oxysporum  is caused  b y  th e  in h ib itio n  of de novo sy n th e s is  of R N A  
m o d ify in g  enzym es an d  so th e  b iochem ical m ode of ac tion  o f P N D P  is based  
o n  th e  in h ib itio n  o f cy to p lasm ic  p ro te in  sy n th esis .
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DIAGNOSTIC EXPERIENCE IN TWO CASES OF 
LEGIONELLOSIS

É v a  B á n , A n n a  M a r t o n , Z s u z s a  K á l n a i , A .  S z a l k a  and  G y . B o d o r

Central M u n ic ip a l H ospita l o f  In fectious D iseases, H eim  P ál Children's H osp ita l 
B udapest and Research Institu te  o f  Oncopathology, Budapest

(R eceived  Ju ly  21, 1982)

Sera  o f 30 p a tie n ts  w ith  a ty p ica l p n eum onia  w ere te s te d  fo r an tibodies a g a in s t th e  r e p ­
re se n ta tiv e  s tra in s  o f Legionella pneum ophila  1—6 se ro g ro u p s a n d  4 species o f leg ionella-like  
o rgan ism s. In v e stig a tio n s  w ere carried  o u t w ith  in d ire c t im m unofluorescence assay . T h e  se ra  of 
2 p a tie n ts  gave a t i t r e  o f 2048 an d  1024 w ith  sero g ro u p  5 a n d  4, respectively . T h e  h ig h  a n ti-  
leg ionella IgM  titre s  w ere in d ica tiv e  o f recen t in fec tio n s . Legionellae were n o t  d e te c te d  in 
tra n s tra c h e a l a sp ira te  a n d  in  au to p sy  m ate ria l.

T he epidem iological d a ta  a b o u t th e  u b iq u ito u s  c h a rac te r  o f th e  re c e n tly  
d isco v ered  G ram -n eg a tiv e  ro d s, legionellae , a n d  th e  incidence o f ep id em ics  
a n d  sp o rad ic  cases caused  b y  th ese  o rgan ism s in  th e  p a s t five  y ea rs  (1—4) led  
us to  deal w ith  th e  d iagnostic  p rocedure  o f th e  d isease. Since 1981 se ra  o f  30 
p a tie n ts  w ith  a ty p ic a l p n eu m o n ia  have  been  te s te d  w ith  in d irec t im m u n o flu o ­
rescence assay  (IF A ) [5] for an tib o d ies  a g a in s t th e  rep re sen ta tiv e  s tra in s  o f 
Legionella p neum oph ila  1 -6  serogroups a n d  4 species of legionella-like o rg a n ­
ism s (L L O s): Legionella bozem anii, Legionella d u m o ffi i , Legionella g o rm a n ii, 
Legionella m icdadei. T he p re sen t s tu d y  re p o rts  on tw o  positive cases o f  leg io n e l­
losis w ith  special em phasis  on th e  la b o ra to ry  d iagnosis of th e  disease.

Report o f tw o cases

Case 1. B. L . a  58-year-o ld  fem ale Swiss c itizen , w ith  a  h is to ry  of b ronchial a s th m a  since 
ch ildhood , re c u rre n t pneum onias, an d  tra n s ie n t c a rd iac  fa ilu re  was a d m itted  tw o  d a y s  a f te r  
h e r  a rriv a l to  H u n g a ry  w ith  fever, sickness, d ia rrh o e a  in  a  d istressed  s ta te .

Case 2. L. F . a 44-year-o ld  m ale p a tie n t  w as a d m itte d  w ith  d iarrhoea  since 6 d a y s , fev er, 
severe  dy sp n o ea  a n d  p ro s tra tio n  w ith  a  h is to ry  of sch izo p h ren ia , alcoholism , and  a ra p id  loss 
o f w e ig h t o f a b o u t 25 kg.

C linical fea tures, treatm ent, laboratory f in d in g s .  In  b o th  cases au scu lta tio n  fin d in g s  o f  a  
r ig h t side pn eu m o n ia  w ere confirm ed  by  X -rays. Im m e d ia te  te tracy c lin e  and  e ry th ro m y c in
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th e r a p y  com bined w ith  d iu re tic s  and s tro p h a n to s id e  in  Case 1 was followed b y  su b seq u e n t 
reg re ss io n  of th e  clin ical, la b o ra to ry  and  X -ray  s ta tu s ,  so th e  p a tie n t was d isch arg ed  on th e  
1 3 th  d a y .

I n  Case 2 a f te r  unsuccessfu l tre a tm e n t w ith  g en tam ic in  and  te tracy c lin e  a n d  la te r  
p en ic illin  an d  m eth ic illin , e ry th ro m y cin  in tro d u ced  on  th e  6 th  d ay  failed to reverse  th e  p ro g res­
sive d e te rio ra tio n . T he m o st s tr ik in g  fea tu re  w as unconsciousness w ith o u t a n y  la b o ra to ry  
signs o f cereb ral h y p o x ia . T he p a tie n t  died on th e  1 6 th  d a y  o f illness.

C h arac te ris tic  la b o ra to ry  find ings in Case 2 on  th e  2nd d ay  were, E S R : 95 m m /h ; R B C : 
2.9 X 1012; W BC: 16 X 109; b a n d  cells: 0.45; n e u tro p h ils :  0.45; lym phocy tes: 0.10. O n th e  
6 th  d a y  p rac tica lly  th e  sam e re su lts  were ob ta in ed  w ith  Se hi: 17.1 /«nol/1; SG OT: 23 IU /1 ; 
S G P T : 30 IU /1 ; B U N : 13.4 m m ol/1 ; se c rea tin ine: 122 /m io l/l.

Epidem iology. B o th  p a tie n ts  acquired  in fec tio n  in  th e  sum m er. Case 2 in  th e  h o tte s t  
d a y s  o f  A u g u st, w hen th e  incidence  of legionellosis is th e  h ig h est. In  Case 1 th e  a ir-co n d itio n in g  
sy s te m  on  th e  p lane b e tw een  Z u rich  and  V ienna a n d  in  th e  bus on th e  w ay to  B u d a p e s t was 
n o ta b le  beside th e  fa c t t h a t  tw o m ore m em bers of th e  to u r is t  group  h ad  a re sp ira to ry  in fec tio n  
w ith  fe v e r  du ring  th e  tr ip .

Case 2 w orked as a  w a rd en  in  a changing  ro o m  of trad e  p o rt w orkers. T h e  room  
w as d ire c tly  connected  w ith  a s team y  b a th -ro o m  w ith  sm all tipp ing  w indows as th e  on ly  
v e n tila tio n .

D iagnosis. In  b o th  cases, th ro a t  sw abs, s p u tu m , stoo l, urine and blood sam ples w ere 
ta k e n  d a ily . In  Case 2, tr a n s tra c h e a l  a sp ira te  was o b ta in e d  on  th e  6th  day. L ung tissu e  o b ta in e d  
p o s t  m o rte m  was g ro u n d  w ith  s te rile  PB S  p rio r to  c u ltiv a tio n .

All th e  specim ens w ere c u ltiv a ted  using ro u tin e  bacterio logical m ethods, th e  t r a n s ­
tra c h e a l  a sp ira te  an d  lu n g  tis su e  also b y  m ethods d ev elo p ed  for iso lation  of L . pn eu m o p h ila  : 
in  F G  bou illon , on FG  a n d  on  CY E ag ar [6 ], as well as on  th e  sam e m edia su p p lem en ted  w ith  
th e  se lec tiv e  agen ts like v an co m y cin  (L illy) 4 /zg/inl, p o ly m y x in  В (Pfizer) 50 IU /m l, tr im e th o ­
p rim  (E G Y T ) 2.5 m g/m l. All m ed ia  were in cu b a ted  in  can d le  j a r  a t  35 °C a t least fo r 10 d ays.

Serology. Serum  sam ples in  Case 1 an d  Case 2 ta k e n  on th e  3rd and 13th d a y  of th e  d is­
ease, re sp ec tiv e ly , w ere ex am in ed  for lég ionéba a n tib o d ie s  by  IF A  [5], and  for M ycoplasm a  
p n eu m o n ia e  an tib o d ies  b y  m etab o lism  in h ib itio n  te s t ,  fo r com plem ent fix ing  an tib o d ies  to 
a d en o , R S , in flu en za  A , B , H erpes sim plex  v iruses. T h e  se ru m  sam ple of Case 2 w as also te s te d  
fo r C hlam ydia  psittac i a n tib o d y .

C on jugates fo r d irec t im m unofluorescence a ssa y  (D F A ), antigens o f d iffe re n t sero- 
g ro u p s , a n tih u m a n  im m u n o g lo b u lin  con ju g a ted  w ith  F IT C  (contain ing  a n tih u m a n  IgA , IgM , 
Ig G ) fo r IF A  w ere rece iv ed  fro m  th e  C enter for D isease  C ontrol (CDC), A tlan ta , U SA , a n ti ­
h u m a n  IgM  and  a n tih u m a n  IgG  co n jugates were H y la n d  p ro d u c ts . A ntigen from  L . p n e u m o ­
p h ila  1 (P h ilad e lp h ia ) w as p re p are d  in  our la b o ra to ry  b y  boiling th e  b ac teria l su sp en sio n  in 
w a te r  b a th  for 15 m in  [5].

In v e stig a tio n s  w ith  IF A  w ere carried  ou t by  a  Zeiss (Je n a )  F luoval m icroscope w ith  П В О  
200 h ig h  d en sity  m ercu ry  lam p , s ta r tin g  w ith  a 32-fold b asic  d ilu tion .

N ecropsy  in  Case 2 w as carried  ou t 2 h  a f te r  d e a th . To d em o n stra te  legionellae  in  
lu n g  a n d  liver, fo rm alin -fixed , paraffin -em bedded  sec tio n s as well as sm ears o f sc rap in g s o f th e  
fo rm alin -fix ed  lung tis su e  w ere s ta in ed  w ith  to lu id in e  b lue , G im enez, and by m odified  D ie te rle  
silv er im p re g n a tio n  [5]. L . pneum ophila  reference s tra in  4 (received from  CDC) c u ltiv a te d  
on  C Y E  ag ar was m ixed  w ith  hom ogenisa te  and  w ith  sc rap ings o f form alin-fixed  lu n g  tis su e  to  
y ie ld  a  p o sitive  con tro l sta in in g . Scrapings and  sec tio n s o f lung  tissue were also ex am in ed  
b y  D F A .

F o r  tran sm iss io n  e lec tro n  m icroscopy (Т ЕМ ) 1 m m 3 cubes o f th e  m ost in f la m m a to ry  
a rea s  o f  th e  fo rm alin -fix ed  lu n g  tissu e  w ere o b ta in ed . Sec tions were w ashed in  0.1 м P B S  an d  
p o s tf ix e d  in  2%  osm ium  te tro x id e . D eh y d ra tio n  a n d  em b ed d in g  were carried  o u t  b y  ro u tin e  
m e th o d s . Sections w ere c u t  on  a R e ich ert OM U 2 u ltra m ic ro to m e . S em ith in  sec tio n s w ere 
s ta in e d  w ith  to lu id in e  b lu e , u l tra th in  ones were c u t  w ith  d iam o n d  knife, sta in ed  w ith  u ra n y l 
a c e ta te  a n d  lead  c itra te , a n d  ex am in ed  w ith  JE M  6 C tran sm iss io n  e lectron  m icroscope.

E pidem iological survey. In  Case 1 no e n v iro n m e n ta l su rv ey  could be u n d e r ta k e n . In  
C ase 2, en v iro n m en ta l sam ples w ere tak e n  from  sh o w erh ead s , tap s , plugholes in  th e  b a th -ro o m  
w h ere  th e  p a tie n t w as a  w ard en . All specim ens w ere c u lt iv a te d  in  FG  bouillon, on F G  a g a r  an d  
C Y E  a g a r  su p p lem en ted  w ith  se lective  ag en ts  (see ab o v e). T o  gain  som e in fo rm a tio n  a b o u t  th e  
loca l r isk  o f in fection , se ra  o f 12 persons using  th e  sam e b a th ro o m  were te s te d  fo r 6 se ro g ro u p s 
o f L . pneum oph ila .
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Results

Cultural exam ination . T h ro a t, sp u tu m  an d  s to o l sam ples co n ta in ed  no  
pa thogen ic  b a c te r ia . U rine, b lood an d  lung tissu e  c u ltu re d  on ro u tin e  a n d  
special m ed ia , w ere ste rile . T ra n s tra c h e a l a sp ira te  y ie ld ed  only H aem ophilus  
influenzae. In  lu n g  and  liv er sec tions no b a c te ria  cou ld  be detec ted  b y  a n y  o f 
th e  a fo rem en tio n ed  sta in in g s.

R esults o f  the serological tests a re  given in  T ab le  I.
Gross pathological fea tures. C onfluen t f ib rin o u s  b ronch o p n eu m o n ia  w ith  

co n c o m ita n t p leu ritis  in each lobe o f th e  rig h t lu n g  as w ell as m arked  p u ru le n t-  
-fib rin o u s in f la m m a tio n  in  th e  d ila ted  bronch i w ere observ ed .

H istological fea tures. A m ass o f cells w ith  fo a m y  cy top lasm  and  a g re a t 
n u m b er o f  e ry th ro c y te s  occupied  th e  alveoli. M acrophages w ith e lo n g a te d  
c h ro m a tin  rich  nucle i w ere observed . N early  all b ro n ch io li were filled  w ith  
a b u n d a n t m ass o f n eu tro p h ils , th e  lung  ep ith e liu m  w as rem ark ab ly  d am a g e d .

In  lu n g  and  liver sections no b ac te ria  w ere d e te c te d , nor was a sp ec ific  
fluorescence  observed  b y  an y  o f th e  D FA  c o n ju g a te s . In  sm ears of sc ra p in g s  
of th e  fo rm alin -fix ed  lung  tissu e  s ligh tly  cu rv ed  co ry n cb ac te riu m -lik e  ro d s  
were seen w hen s ta in ed  w ith  to lu id in e  b lue, th e  sam e fo rm s in red  co lour w ere 
d e tec ted  w hen s ta in ed  accord ing  to  G im enez. T hese  b a c te r ia  failed, h o w ev er, 
to  give specific  fluorescence by  D F A  procedure  fo llow ing  decolorization  o f  th e  
sm ears.

B y Т Е М  ro u n d  or oval s tru c tu re s  0 .35-0 .7  p m  in  d iam e te r were d e te c te d  
in  th e  cy to p la sm  o f th e  in tra a lv e o la r  n e u tro p h ils  an d  m acrophages. T h e  
n u m b er o f o rgan ism s p er cell v a ried  betw een  2 12 (F igs 1, 2). T he d o u b le  
envelope enclosing  th e se  s tru c tu re s  and  th e  e lec tro n -d en se  layer b e tw een  
th e  envelopes w ere co n sis ten tly  d em o n stra ted .

Table I

I F A  antibody titres in sera o f  pa tien ts

Antibodies

Antigens (L.

1, 2, 3, 6
LLOs* 4

pneum ophila •.

5

serogroups and LLOs)

1, 2, 3, 5, 6 
LLOs** 4

ig <  32 <  32

IgM 256 1024 1024

IgG 64 2048 128

* M . pneum oniae  m etabo lism  in h ib itio n  te s t, t it re  : 512 
** M . pneum oniae  g row th  in h ib itio n  and C. psittac i com plem en t fix ing  a n tib o d y : 

negative
R S, in flu en za  A, R, Herpes sim p lex , adenovirus co m p lem en t f ix in g  antibodies: n e g a tiv e  

in b o th  p a tie n ts
L L O s: L . bozem anii, L. d u m o ffii , L . gorm anii, L . m icdadei
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F ig . 1. E lec tro n  m ic ro g rap h  of b a c te ria  in  a m ac ro p h ag e  in  form alin-fixed  lu n g  tissu e  sta ined  
b y  u ra n y l  ace ta te  and  lea d  c itra te . X 16 700

Fig. 2. V acuoles in  b ac te ria  c h a ra c te ris tic  o f legionellae. X 66 800
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Epidem iological survey. F ro m  th e  e n v iro n m e n ta l sam ples L . pneum o p h ila  
w as n o t  iso la ted  on an y  o f th e  special se lec tive  m edia . F rom  th e  12 s y m p to m ­
less persons exam in ed , one p e rso n ’s se ru m  show ed a t i tre  o f 128 a g a in s t
L . pneum o p h ila  2 an d  6.

D iscussion

A ty p ica l p n eu m o n ia  in  b o th  p a tie n ts  p re se n tin g  w ith  e x tra p u lm o n a ry  
sy m p to m s like d ia rrh o ea  w as c h a ra c te ris tic  o f  legionellosis [6]. S im ila rly , con­
fusedness or a delirious s ta te  like in  Case 2 is also a ty p ica l fea tu re . L a b o ra to ry  
fin d in g s in  Case 2 w ere also in  acco rdance  w ith  th o se  rep o rted  in  th e  m a jo r ity  
o f legionellosis cases. E le v a te d  tra n sa m in a se  v a lu es  p o in t to  th e  to x ic  effect 
o f th e  cau sa tiv e  ag en t.

T he reco m m en d ed  w ay  of la b o ra to ry  d iagnosis is as follows.
1 .  F o r d e m o n s tra tio n  o f leg ionella  in  sp u tu m , tra n s tra c h e a l a sp ira te , 

b ro n ch ia l w ash ing , p leu ra l flu id , e tc ., an d  in  fo rm alin -fixed , p a ra ff in -e m b e d ­
ded  tissu e  sec tions th e  D F A  m eth o d , in  sc rap in g s o f fo rm alin -fixed  tis su e  and  
in  im p rin ts  o f fresh  frozen tissu e  D F A  an d  lig h t m icroscopy w ith  G iinenez or 
to lu id in e  b lue s ta in in g  and  m odified  D ie terle  s ilver im p reg n a tio n  a re  th e  m ost 
ra p id  p rocedures. S ilver im p re g n a tio n  is a v a lu a b le  m ethod  for d e m o n s tra tin g  
legionellae in  p a ra ffin -em b ed d ed  tissu e  sec tions as well. Fa ilu re  to  d e m o n s tra te  
leg ionella  organ ism s in  lu n g  tissu e  sec tions b y  D F A  m igh t he due to  th e  fa c t th a t  
m ost o f  th e  b a c te r ia  are in tra c e llu la r , lie a t  d iffe ren t levels and  a re  sh ru n k e n  
b y  h isto log ica l processing. T he m a jo r ity  m ay  d is in teg ra te  u n d er th e  e ffec t of 
ce llu la r defense m echan ism s. No e x p la n a tio n  is given for th e  p resen ce  of 
c o ry n eb ac te riu m -lik e  rods in  th e  sm ears o f sc rap in g s of fo rm alin -fix ed  lu n g  
tissu e  in  Case 2.

2. T he m ost specific d iagnostic  m e th o d , th e  iso lation  o f leg ionella  is 
ra re ly  successful in  clinical specim ens. In  a d d itio n  to  th e  ex trem ely  fa s tid io u s  
c h a ra c te r  an d  slow g row th  o f  leg ionella , th e  o rg an ism  in th e  specim en  m a y  be 
in h ib ite d  by  drugs or its  g ro w th  an tag o n ized  b y  th e  associated  m ic ro flo ra . 
C u ltu rin g  of D F A  n eg a tiv e  clin ical specim ens seldom  resu lts in  re c o v e ry  of 
leg ionellae . A m ong a to ta l  o f 891 specim ens, th e re  was only 1 D F A  n e g a tiv e  
w ith  p o sitiv e  c u ltu re  w hile 33 w ere D F A  p o sitiv e  an d  negative  in  c u ltu re  [4]. 
In  o u r Case 2 th e  lu n g  tissu e  cu ltu re s  w ere s te rile  an d  th e  tra n s tra c h e a l  a sp i­
ra te  y ie ld ed  on ly  H . in fluenzae. T he  la t te r  w as considered  a c o n c o m ita n t o r ­
gan ism . T he freq u en cy  o f iso la tio n  can  be increased  by  p ro p a g a tin g  th e  
b a c te r ia  in  th e  gu inea-p ig , b u t  ow ing to  th e  la ck  o f  secu rity  eq u ip m en t we h av e  
d ispensed  w ith  th e  p rocedure .

3. T he com m on te s t for serod iagnosis o f legionellosis is IF A , t h a t  p ro ­
v ides th e  d iagnosis c o m p a ra tiv e ly  la te . N ev erth e less , legionellosis h as  been  
d iagnosed  on th e  basis  o f th e  a n tib o d y  response  p e rh ap s  m ore o ften  th a n  a n y
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o th e r  b a c te r ia l disease. T he t i t r e  o f IF A  a n tib o d ie s  begins to  increase 7 to  10 
day s a f te r  th e  onset o f illness an d  reaches th e  p eak  in  th e  3rd to  4 th  w eek. 
F o u rfo ld  t i t r e  rises to  a t le a s t 128 in specim ens ta k e n  at an a p p ro p ria te  tim e  
from  p a tie n ts  w ith  co m p a tib le  clinical illness a re  genera lly  accep ted  as sero log ­
ic ev id en ce  of legionellosis, b u t  a single t i t r e  o f  256 is also considered  a p re ­
su m p tiv e  evidence o f in fe c tio n  a t an u n k n o w n  tim e . T hough we h ad  no o p ­
p o r tu n i ty  to  te s t m ore th a n  one serum  sam p le  o f  each  p a tie n t, th e  IgM  t i t r e  
of 2048 a g a in s t serog roup  5 in  Case 1 an d  o f  1024 a g a in s t serogroup 4 in  Case 
2 p ro v id e d  evidence o f a re c e n t in fection . In  th e  se ru m  of Case 1, in  a d d itio n  
to  a n t ib o d y  to  serogroup  5 a m o d era te ly  e le v a te d  t i t r e  of 256 to  se ro g ro u p  
4 w as fo u n d . This f in d in g  corresponded  w ith  d a ta  p roving  th a t  Legionella  
s tra in s  be long ing  to  d iffe re n t serogroups m ay  give cross-reaction  in sero log i­
cal te s ts .

I n  Case 1 th e  re m a rk a b le  M . p n eum on iae  m etabo lism  in h ib itio n  t i t r e  
w ould  sug g est som e concern  ab o u t th e  d iagnosis . M . pneum oniae  a n tib o d y  is 
f re q u e n tly  d e tec ted  in  sp o rad ic  cases o f le g io n n a ire s ’ disease, w hile in  m y co ­
p la sm a  pn eu m o n ia  leg ionella  an tibod ies are  m u ch  less freq u en t [7]. A s im u lta ­
n eo u s o ccu rrence  o f th e  tw o  an tibod ies is su p p o sed  n o t to  he due to  c ross­
re a c tio n , a lth o u g h  no re liab le  ex p lan a tio n  is av a ilab le  for th e  p h en o m en o n . 
In  Case 1 besides th e  ty p ic a l  clinical course, th e  e lev a ted  an tileg ione lla  IgM  
t i t r e  su p p o rte d  th e  d iagnosis  of legionellosis as opposed  to  m y cop lasm a in ­
fec tio n .

T h e  gross p a th o lo g ica l ap p earan ce  o f leg ionella  pneum onia v a rie s , b u t 
i t  is p ro b a b ly  m ore com m on  th a t  i t  causes a n o d u la r  b ro n ch o p n eu m o n ia  th a t  
te n d s  to  becom e c o n flu e n t. A bundance  o f  m acrophages, e ry th ro c y te s  an d  
cells w ith  foam y cy to p la sm  in th e  aveoli is n o t  a com m on h isto log ical fe a tu re  
o f b a c te r ia l  b ro n ch o p n eu m o n ia . T he m orphological ch a rac teris tic s  of th e  ro u n d  
an d  o v a l e lem ents w ith in  th e  cy to p lasm  o f in tra a lv e o la r  m acrophages an d  
n e u tro p h ils  d e tec ted  b y  Т Е М  were co n sis ten t w ith  those o f a sm all G ra m ­
n e g a tiv e  b ac te riu m . E lo n g a te d  form s w ere ra re ly  found . The e lec tro n -lu cen t 
v acu o le s  th a t  are co n sid e red  ty p ica l o f th e  u l tra s tru c tu re  of L. p n eum oph ila  
w ere , how ever, c o n s is te n tly  de tec ted . S till, leg ionella  canno t be d iffe re n tia te d  
fro m  o th e r  sm all G ram -n eg a tiv e  bacilli b y  c o n v en tio n a l e lectron m icroscopic 
m e th o d s , only  by  th e  im m u n o fe rritin  te c h n iq u e  [8].
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ENTEROTOXIN PRODUCTION BY Y E R S I N I A  
E N T E R O C O L I T I C A  IN FOOD SAMPLES

D ó r a  V e l i n

In stitu te  o f  M icrobiology, U niversity  M edical School, Pécs 

(R ece ived  O ctober 13, 1982)

M ilk an d  cold m e a t sam ples w ere co n ta m in a te d  w ith  7 various serogroups o f Y ersin ia  
enterocolitica s tra in s . T h e  in fec ted  food sam ples w ere in c u b a te d  u n d e r d iffe ren t c o n d itio n s  of 
g ro w th , a t  d iffe ren t te m p e ra tu re s  and  fo r d ifferen t p eriods o f tim e, th en  th e  n u m b er o f  colony 
form ing  u n its  w as d e te rm in ed  and  e n tc ro to x in  p ro d u c tio n  w as assayed  b y  th e  su ck lin g  m ice 
te s t.  T h e  Y . enterocolitica s tra in s  m u ltip lied  well u n d e r  v a ry in g  conditions o f g ro w th , b u t  en te ro - 
to x in  p ro d u c tio n  could  be d e tec ted  on ly  in the  m e a t sam ples w hen in cu b a ted  u n d e r  sh a k in g  a t  
25 °C fo r 48 h. I t  m ay  be assum ed  th a t  p refo rm ed  y e rsin ia  en te ro to x in  is a b se n t f ro m  food 
sto red  u n d e r no rm al conditions.

P a i a n d  M ors [1] w ere th e  f irs t to  re p o r t  th a t  severa l Y ers in ia  entero­
colitica  s tra in s  p ro d u ced  h e a t s tab le  (ST) e n te ro to x in . Since e x p e rim e n ts  h av e  
confirm ed  e n te ro to x in  p ro d u c tio n  only  u n d e r 30 °C an d  in v itro , its  p a th o g e n e tic  
role is q u estio n ab le  [1 -5 ]. A t th e  sam e tim e  Y. enterocolitica s tra in s  o f  d iffe ren t 
serogroups h av e  b een  iso la ted  from  food, e spec ia lly  from  m ilk, d a iry  p ro d u c ts  
an d  m e a t p ro d u c ts  [3, 6 -8 ] . In  H u n g a ry  Y. enterocolitica s tra in s  w ere iso la te d  
from  b u tc h e r ’s m e a t [9] an d  in o th e r  co u n trie s  sev era l Y. enterocolitica s tra in s  
cap ab le  o f e n te ro to x in  p ro d u c tio n  have  been  iso la ted  from  v arious fo o d  p ro d ­
u c ts  [3]. T h is sugg ested  th e  p o ssib ility  t h a t  th e  en te ro to x in  w as p ro d u c e d  in  
food c o n ta m in a te d  w ith  Y. enterocolitica, s to re d  a t  its  o p tim u m  te m p e ra tu re , 
i.e ., below  30 °C, a n d  th e  p re fo rm ed  e n te ro to x in  was one o f th e  fa c to rs  r e ­
sponsib le  fo r th e  sy m p to m s reg is te red . T he ex p e rim en ts  to  be re p o r te d  w ere 
u n d e rta k e n  to  f in d  an  answ er to  th is  q u es tio n  a n d  to  s tu d y  th e  ep idem io lo g y  
o f possib le  food in fec tio n s  caused  b y  Y. enterocolitica.

M aterials and m ethod s

У. enterocolitica strains. T he follow ing stra in s  w ere used: th ree  stra in s  iso la te d  in  th e  
N a tio n a l In s t i tu te  o f H yg iene  (N os 47071, 71210, 81371); one s tra in  (N o. 22) o f se ro g ro u p  0 3 , 
iso la ted  earlie r from  h u m an  en te ritis  an d  m ain ta in ed  in  s to ck  agar; tw o stra in s , one o f sero­
group  0 5  (N o. 11337) iso la ted  from  sm oked sausage, an d  one of serogroup 0 7 ,8  (N o. 14117) iso­
la ted  from  a n o th e r sausage  an d  m ain ta in ed  in  th e  lyoph ilized  s ta te ;  and  fin a lly  a  s tra in  of 
serogroup  0 9  (N o. 98010) m ain ta in ed  in  stock  agar.

D ó ra  V e l in
In s titu te  of Microbiology, U niversity  Medical School 
Szigeti ú t  12, H-7643 Pécs, H ungary
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Culture media. T he foods se lec ted  for a rtific ia l c o n ta m in a tio n  were p a s teu rized  m ilk  and  
a  k in d  o f sm oked sausage. T h e  m ilk  w as o b ta ined  u n d e r  s te rile  conditions and  d is tr ib u te d  in  
25 m l vo lum es in to  250 m l flask s. T he sausage w as hom ogen ized  in  d istilled  w a te r  a n d  th e n  
s te r iliz e d  in  s team  for 20 m in. S yncase  b ro th  m edia se rv ed  as con tro ls [1]. C u ltiv a tio n  to o k  p lace 
a t  25 °C in  a  sh ak er th e rm o s ta te  (P sy cro te rm , N ew  B ru n sw ick ) for 1 to  4 days a n d  in  th e  re ­
f r ig e ra to r  for 2 and  3 weeks.

Germ counting  w as p e rfo rm ed  b y  th e  d ilu tion  te c h n iq u e  using  n u tr ie n t agar a n d  co un ting  
th e  co lo n y  form ing un its .

Filtrates. T he cu ltu res  w ere  cen trifuged  a t  17 000 g for 30 m in. T he su p e rn a ta n ts  w ere 
f i l te r e d  th ro u g h  a m em b ran e  f i l te r  (N o. 1121 G ö ttin g en , p o re  size 0.45 //in).

The heat-stable enterotoxin ( S T )  teas tested fo llow ing th e  m ethod  of D ean e t  al. as m od i­
f ie d  b y  Ja c k s  and  W u [10]. T h ree  m ice in  every  g ro u p  rece iv ed  0.1 m l f i ltra te  o ra lly  b y  tu b e . 
F o u r  h o u rs  la te r  th e  an im als w ere sacrificed  and  th e  ra tio  g u t w eigh t per rem ain in g  b o d y  w eigh t 
w as d e te rm in ed . T he reac tio n  w as regarded  as p o sitiv e  i f  th e  ra tio  was h igher th a n  0.090.

R esults

W ith  th e  u su a l s to ra g e  o f food an d  th e  o p tim u m  cond itions o f  e n te ro ­
to x in  p ro d u c tio n , th e  g ro w th  ra te  and  th e  c a p a c ity  for en te ro to x in  p ro d u c tio n  
w ere  s tu d ie d  u n d er v a rio u s  cond itions i.e. a t d iffe ren t in cu b a tio n  p e riods an d  
d if fe re n t cu ltiv a tio n  te m p e ra tu re s  b o th  in  s ta t io n a ry  an d  shake cu ltu re s . T he 
fo o d  sam ples an d  th e  c o n tro l b ro th  m edia w ere in fec ted  w ith  Y . enterocolitica  
s t r a in s  th a t  h ad  p ro v ed  cap ab le  of e n te ro to x in  p ro d u c tio n  in  th e  p re lim in a ry  
e x p e rim e n ts , in  a c o n c e n tra tio n  of 102 g erm s/m l. G row th  of th e  s tra in s  was 
ch e c k e d  b y  germ  co u n tin g  (T able I). The s tra in s  show ed good g ro w th  b o th  a t  
ro o m  te m p e ra tu re  an d  in  th e  re frig e ra to r, a n d  su rv iv ed  sto rage  fo r severa l 
d a y s  or w eeks. The germ  co u n t in th e  m ilk  sam p le  c o n ta m in a te d  w ith  th e  
s t r a in  N o. 14117 se rog roup  0 7 ,8  was d e te rm in e d  only  if  g ro w th  h a d  ta k e n  
p la c e  u n d e r  c ircu m stan ces w here e n te ro to x in  p ro d u c tio n  was m ost p ro b ab le . 
S tra in  N o. 22 was used  o n ly  fo r th e  in fec tion  o f  cold  m eat since th e  o ccu rrence  
o f  se ro g ro u p  0 3  w as ex p ec ted  m ain ly  here . H ig h  germ  coun ts w ere o b ta in e d  
in  th e s e  cases, too . F il tra te s  w ere p rep a red  fro m  th e  sam ples in  w hich  th e  germ  
c o u n t a n d  en te ro to x in  c o n te n t h ad  been d e te rm in e d  (Table I I ) . T h e  v alues 
p r in te d  in  ita lics d esig n a te  p ositive  response . In d e p e n d e n tly  of th e  con d itio n s 
o f  c u ltiv a tio n , no e n te ro to x in  p ro d u c tio n  cou ld  be  d e tec ted  in th e  m ilk  sam ples 
th o u g h  th e y  h ad  been c o n ta m in a te d  w ith  3 d iffe ren t sero types cap ab le  of 
e n te ro to x in  p ro d u c tio n  u n d e r  specific c irc u m sta n c es  in  Syncase b ro th  m edia. 
T h e  s tra in s  of serogroups 0 3 ;  0 7 ,8  and  0 5  p ro d u c e d  e n te ro to x in  in  th e  cold 
m e a t  on ly  a fte r  in c u b a tio n  a t  25 °C u n d e r  sh a k in g  for 2 days. T h en  som e 
s t r a in s  belong ing  to  se ro g ro u p  0 3  and  a n o th e r  s tra in  of serogroup  0 9  w ere 
s tu d ie d  in  cold m ea t (T able I I I ) .  S tra in  No. 22 p ro d u ced  en te ro to x in  on ly  u n d e r 
sp ec ific  cond itions. T he o th e r  3 s tra in s , also  grow ing  well, did n o t  p ro d u ce  
e n te ro to x in  u n d e r o p tim u m  cond itions e ith e r , w hich  was n o t th e  case Avhen 
g ro w th  to o k  place in  S yncase  b ro th  m ed ia . I t  is w o rth  n o tin g  th a t ,  as show n 
in T a b le  I I I ,  e n tro to x in  w as produced  in th e  c o n tro l m ed ia  only if  co n d itio n s 
w ere  th e  sam e as w ith  cold  m ea t.

Acta Microbiologica H ungarica31, 1984



Y E R S IN IA  EN TE R O T O X IN

Table I

Growth o f  Y . enlerocolitica stra ins in  food  samples

Incubation  time 
and tem perature No. 47071 

03

Strains and

No. 11337 
05

the ir serogroups

No. 14117 
07 , 8

No. 22 
03

M ilk

1 d ay 22 °C 1.2 x 1 0 s* 4.2 x 1 0 s

1 day 25 °C** 5 X 10s 3 x io »

2 days 22 °C 3.4 x 1 0 s 2 x lO 5

2 days 25 °C** 6 x i o 9 2 x  10» 2.6 X lO 7

3 days 22 °C 2 x lO 7

4 days 22 °C 1 X lO 7

2 w eeks 4 °C 8 X 10s 1 X 107

3 weeks 4 °C 1.6X 10"

Sausage

1 day 22 °C 4 X 10» 3.7X10» 1.4 x  10° 1 x  107

1 day 25 °C* * 3.6 X 10s 5 .6 x 1 0 »

2 days 22 °C 1 X lO 8 1.2 X 10° 1.2 X 10» 2 X 10°

2 days

*ОLOСЯ 2 X 109 1.5 x i o 11 2 x l O 10 3 x io »

3 days 22 °C 1 X lO ' 1 X 10° 1.1 X 10» 1 X 10°
4 days 22 °C 6 X 10s 3 X 10° 1.6 x  io '° 5 X 10°
2 weeks 4 °C 1 X lO 11 1 X io» 7 X 10'" 1.3 X 10“
3 weeks 4 °C 2 x i o 9 1 X io 9 2 X 10° 4 X 10°

Syncase

1 day 22 °C 1 .5 x 1 0 ° 1.0 X 10» 4 X Ю9 1 .7 x 1 0 °

1 day 25 °C ** 6 .2 x 1 0 » 5 X 10° 4 x  10»

2 days 22 °C 1 X 10° 2 x  10° 9 X 107 5 x i o 9

2 days 25 °C** 2.8X  1010 3 X 10» 2 X 10° 2 X lO 1'1

3 days 22 °C 1 X  1 о» 1.1X10» 5.2X 10»

4 days 22 °C 1 .5x10» 2 X  10°
2 weeks 4 °C 1.7 X 10° 2 X 10» 7 X 10° 1 X 10»
3 w eeks 4 °C 3 .4 x 1 0 » 6 x  109 4 x l O 9

* G erm s/m l 
** S hak en

• N o t exam ined

Discussion

W e could  use c o m p a ra tiv e ly  fresh cu ltu re s  in th e  e x p e rim e n ts  a n d  th is  
was o f im p o rtan ce  since th e  e n te ro to x ic  a c tiv ity  ra p id ly  d ecreases  d u rin g  
m a in te n a n c e  in sto ck  ag a r [11]. T he ex ten siv e  s tu d y  o f se ro g ro u p  0 3  s tra in s

A d a  Microbiologie a llungarica  .31 , 1984



46 VELIN

w as ju s tif ie d  b y  th e ir  h ig h  freq u en cy  in  H u n g a ry . As stressed  h y  S zita  e t  al. 
[12, 13], pigs m igh t w ell re p re se n t a re se rv o ir o f  th is  serogroup  so th a t  m a n y  
m e a ts  a re  p ro b ab ly  c o n ta m in a te d . The s tu d y  o f  s tra in  0 9  was based  on its  
b e in g  th e  second m o st f r e q u e n t  one in  H u n g a ry .

Table П

S T  enterotoxin p ro d u c tio n  by Y .  enterocolitica s tra in s in  food  samples

Incubation  tim e 
and tem pera tu re

Strains and  th e ir  serogroups

No. 47071 No. 11337 No. 14117
03  0 5  0 7 ,8

Milk
1 day 22 °C 0.046* 0.055

1 day 22 °C** 0.051 0.071

2 days 22 °C 0.068 0.062

2 days 25 °C 0.060 0.065 0.057

3 days 22 °C 0.053

4 days 22 °C 0.054

2 weeks 4 °C 0.053 0.056

Sausage

1 day 22 °C 0.057 0.074 0.059

1 day 2 5 °C** 0.063

2 days 22 °C 0.080 0.063 0.059

2 days 25 °C** 0.112 0.095 0.119

3 days 22 °C 0.073 0.080 0.081

4 days 22 °C 0.057 0.060 0.058

2 weeks 4 °C 0.062 0.057 0.062

3 weeks 4 °C 0.067 . 0.076

Syncase

1 day 22 °C 0.042 0.057 0.045

1 day 25 °C** 0.078 0.071

2 days 22 °C 0.055 0.050 0.057

2 days 25 °C** 0.116. 0.122 0.112

3 days 22 °C 0.063 0.050

4 days 22 °C 0.072 0.062

2 weeks 4 °C 0.054 0.051 0.060

3 weeks 4 °C . 0.062

* Q u o tien t of g u t w e ig h t/b o d y  w eight m inus g u t  w e ig h t in  suckling m ice. ST p o sitive : 
v a lu e s  h ig h er th an  0.090 ( ita lic iz e d  figures)

** Shaken
• N o t determ ined
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Table III

S T  enteroloxin production  by Y . enterocolitica stra ins in  sausage

Incubation  tim e and 
tem perature No. 22 

03

Strains

No. 71210 
03

and the ir serogroups

No. 81371 
03

No. 98010 
0 9

Sausage

1 day 22 °C 0.061*

1 day 25 °C** 0.059
2 days 22 °C 0.060

2 days 25 °C** 0.091 0.068 0.071 0.068

(germ  count: (germ  count: (germ  c o u n t:
3 days 22 °C 0.050 1 X 10s /  ml) I X 10® /  xrd) 2 X 108 /  m l)
4 days 22 °C 0.052

2 weeks 4 °C 0.054

3 weeks 4°C 0.067

Syncase

1 day 22 °C 0.058

L day 25 °C * * 0.057

2 days 22 °C 0.068
2 days 25 °C** 0.166 0.150 0 100 0.118
3 days 22 °C 0.062

4 days 22 °C 0.051

2 weeks 4 °C 0.055

3 weeks 4 °C 0.060

F or explidilation see T ab le  II

T he presence of Y . enterocolit ica in food p ro d u c ts  is no t v e ry  co m m o n ,
b u t  its  significance m u st n o t be neg lec ted . S erogroups responsib le  fo r h u m a n  
disease h av e  re p ea ted ly  been grow n from  food. S ch iem ann  [3, 7] cou ld  iso la te  
se rog roups 0 5 , 0 7 ,8  and  0 6 ,3 0  from  fresh m ilk  and  0 3  an d  0 5  fro m  p o rk  
p ro d u c ts , b u t th e  p a th o g en ic  ag en t was d e tec ted  also in  p a s te u riz e d  m ilk. 
B lack  e t al. [14] re p o rte d  an  ep idem ic caused b y  serogroup  0 8  iso la te d  from  
cocoa. In  H u n g a ry , A d a m is e ta l .  [15] described  cases o f e n te ritis  a t t r ib u ta b le  
to  food c o n ta m in a tio n  as in  th e  absence of o th e r  possib le  fac to r  th e y  iso la ted  
Y . enterocolitica o f se ro g ro u p  0 3  from  th e  faeces. A sakaw a e t al. [16] also 
considered  infected  food to  be th e  fac to r responsib le  fo r an  epidem ic. A lth o u g h  
b a c te r ia  are  killed d u rin g  p a s te u riz a tio n , th e  p o ss ib ility  ex ists  of a su b se q u e n t 
c o n ta m in a tio n  an d  h e a t t r e a tm e n t  m igh t also p ro v e  in su ffic ien t w ith  som e 
s tra in s  [14-18]. O ur re su lts  also confirm  th a t  У. enterocolitica grow s w ell an d
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p re se rv e s  its  v iab ility  in  food  for a long tim e . All th ese  d a ta  s tre ss  th e  im p o r­
ta n c e  o f  food con tro l w ith  re sp e c t to  Y . enterocolitica. E n te ro to x in  p ro d u c tio n  
in  m ilk  sam ples c o n ta m in a te d  b y  3 d iffe ren t s tra in s  ou t o f th e  7 used  in  th e  
e x p e r im e n ts  could n o t he d e te c te d . In  th e  c o n ta m in a te d  m ea t th e  serogroups 
0 7 ,8 ;  0 5  and tw o 0 3  s tra in s  produced  e n te ro to x in  on ly  if th e y  h a d  been 
in c u b a te d  un d er sh ak in g  a t  25 °C for tw o  d ay s. T hus, presence o f p refo rm ed  
e n te ro to x in  will m ean  no  d an g e r if  th e  ex am in ed  food ty p es  are  s to red  in  th e  
c u s to m a ry  w ay. T h a t, h o w ev e r, does n o t y e t  se ttle  th e  p rob lem . O nly  few 
sa m p le s  and  raw  f i l t ra te s  w ere  used  by  us fo r e n te ro to x in  d e tec tio n . W e coidd 
f in d  o n ly  one re p o rt on th e  su b jec t. In  th is  p a p e r  F ran c is  e t al. [18] observed  
g o o d  g ro w th  of th e  s tra in s  in  in fected  m ilk  b u t  on ly  a few p ro d u ced  e n te ro ­
to x in .  W e were th e  f i r s t  to  s tu d y  th e  p o ss ib ility  o f e n te ro to x in  p ro d u c tio n  in 
s a u sa g e s  b u t food p o iso n in g  due to  Y. enterocolitica  e n te ro to x in  m ig h t still 
n o t  b e  excluded on a c c o u n t o f its  absence in  sp ite  of its  special fea tu re s  like 
p ro d u c tio n  below 30 °C, re s is ta n c e  to  bo iling  a n d  gastric  ac id  h av in g  been  ob­
se rv e d . T herefore, f u r th e r  ex p erim en ts  m u s t be  co n d u c ted  in  th is  field . O f 
c o u rse , th e  p a th o g en ic ity  o f  Y. enterocolitica m ig h t be connected  n o t o n ly  w ith 
i ts  e n te ro to x in  p ro d u c tio n ; th e  role of o th e r  fa c to rs  shou ld  be ex am in ed  as well.

A c k n o w le d g e m e n t. The authors are indebted to Dr. Anna Svidró, Dr. J. Szita and 
Dr. B. R édey for kind permission to use their strains.
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HUMAN ADENOVIRUS INFECTION IN 
PHYTOHAEM AGGLUTININ TREATED MICE

D a m  V i e t  C u o n g , G i z e l l a  K u l c s á r , P . D á n , J .  H o r v á t h  

an d  I. NÁSZ

Institu te  o f  M icrobiology, Semmelw eis U niversity M ed ica l School, Budapest 

(R eceived  O ctober 15, 1982)

T he course o f in fec tion  by  h u m an  adenov irus ty p e  12 h as  been  stud ied  in m ice t r e a te d  
w ith  p h y to h ae m ag g lu tin in  (P H A ) 1 d ay  a f te r  infection  or th o se  in fec ted  w ith th e  v iru s  3 d a y s  
a fte r  P H A  tre a tm e n t. V irus an tig en s  w ere d em o n s tra ted  b y  im m unofluorescence in  th e  cells 
of th e  th y m u s , spleen and  ly m p h  nodes and  in some cases th e  su p e rn a ta n t of th e  cell h o m o ­
genate  w as fo u n d  to  co n ta in  in fec tive  v iruses. V irus an tig en s occu rred  sporadically  in  th e  cells 
o f th e  ly m p h o id  organs o f con tro l an im als in fected  only w ith  ad en o v iru s. N either v iru s a n tig e n s  
n o r in fec tive  v iru s could be d e tec ted  in  m ice th a t  were n o t in fec te d  b y  v irus and n o t  t r e a te d  
w ith  P IIA  as con tro ls. The re su lts  in d ica te  th a t  P H A  tr e a tm e n t  increased  th e  se n s it iv ity  o f 
m ice to  h u m an  ad en ov irus in fection .

T he p a th o m ech an ism  o f aden o v iru s  in fec tio n s  needs e lu c ida tion  fro m  
several p o in ts  o f vietv. A considerab le  n u m b er o f c h ild ren  an d  ad u lts  c a r ry  in  
th e ir  ad en o id s  an d  o th e r tissu es  th e  v iru s or its  specific  com ponen ts. W h e th e r  
in  v iru s  ca rrie rs  th e  la te n t  v iru s  m ay  becom e a c tiv e  an d  u n d er w h a t e ffec ts  
is one o f  th e  questio n s a w a itin g  c la rifica tion  [1 -5 ]. In  earlie r s tud ies som e o f 
th e  T -ly m p h o cy te s  o f v iru s  ca rrie rs  w ere found  to  co n ta in  v iru s a n tig e n s  
especially  d u rin g  re lapses, an d  in  febrile recu rren ces  even  in fective v iru s  w as 
c u ltiv a te d  from  th e  ly m p h o cy te s  [6, 7]. A fte r in fe c tin g  th e  ly m p h o cy te s  o f 
h e a lth y  p ersons w ith  a d en o v iru s , v irus-specific  a n tig e n s  w ere d e tec ted  in  th e  
cells w ith o u t th e  fo rm atio n  o f in fec tiv e  v iru s. On th e  o th e r  h an d , if  th e  ly m p h o ­
cy tes w ere s tim u la te d  b y  P H A  p rio r to  v iru s  in fe c tio n , th e  v irus a n tig en s  a n d  
also th e  in fec tiv e  v iru s  w ere found  to  rep lica te  in  th e m  [8]. In  th e  p re se n t 
ex p e rim en ts  i t  w as a t te m p te d  to  d e te rm in e  in P H A  tre a te d  anim als th e  p a th o ­
m echan ism  o f in fec tion  an d  w h e th e r or n o t its  cou rse  w as affec ted  b y  th e  
tr e a tm e n t.  T y p e  12 h u m a n  ad en o v iru s  has been  chosen  for ex am in a tio n s  in  
view  o f its  a f f in ity  to  th e  im m u n e  system  an d  its  m a lig n a n t effect in an im als  [9].

M aterials and m ethods

E xp erim en ta l anim als. 293 C F L P  mice of 35-40 g b o d y  w eigh t purchased  fro m  L A T I 
(Gödöllő, H u n g a ry ) w ere used . In  in d iv id u a l experim en ts  o n ly  an im als of iden tica l sex  w ere 
included.

D am V ie t  C u o n g , G iz e l l a  K u lc sá r , P á l  D á n , J ,  H o r v á t h , I stvá n  N ász 
In s titu te  o f M icrobiology, Semmelweis U niversity  Medical School 
N agyvárad té r  4, H-1089 B udapest, H ungary
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Phytohaem agglutin in . T he anim als were t r e a te d  w ith  Difco PH A  — P. T he o p tim u m  q u a n ­
t i t y  a n d  tim e of effect w ere de te rm in ed  by  t i t r a tio n . A  1 %  solution was p re p a re d  a n d  0.3 ml or 
in  som e cases 0.4 m l w as g iven  in trap erito n ea lly .

V irus infection. Mice w ere infected  in tra p e r i to n e a lly  w ith  2500-3000 CP u n its  of ty p e  
12 h u m a n  adenovirus. T h e  v iru s  was p ro p ag a ted  a n d  t i t r a te d  on H E p-2  tissu e  c u ltu re .

D emonstration o f  v irus antigens. Im m unofluorescence. Cytological p re p a ra tio n s  of the  
ly m p h o id  organs p re p a re d  on slides were d ried  a t  ro o m  tem p era tu re  an d  f ix ed  in  ace tone . The 
te c h n iq u e  of Coons an d  K a p la n  in  our m o d ifica tio n  w as applied b o th  in  d irec t a n d  in d irec t 
fo rm  [6 , 10]. For d irec t e x am in a tio n  the  p re p a ra tio n s  w ere trea te d  w ith  an  im m u n e  serum  p ro ­
d u c e d  in  th e  ra b b it  a g a in s t ty p e  12 adenovirus an d  c o n ju g a ted  w ith  fluorescein  iso th io cy an a te . 
F o r  in d ire c t ex am in a tio n s  th e  p rep ara tio n s w ere t r e a te d  w ith  adenovirus ty p e  12 im m u n e  se­
r u m  a n d  sta ined  w ith  flu o resce in  iso th io c y a n a te -c o n ju g a ted  a n ti- rab b it g lo b u lin . Im m u n o ­
flu o rescen ce  ex am in atio n s w ere perform ed w ith  a Z eiss-F luoval m icroscope a t  X 600 m agn i­
f ic a tio n .

Complement f ix a tio n .  V irus an tigens were d e m o n s tra te d  in the  s u p e rn a ta n t  o f th e  organs 
b y  co m p lem en t f ix a tio n ’s m ic ro tech n iq u e  [11].

S tu d y  o f  v irus particles. F o r electron  m icroscop ic  stud ies p a rts  o f th e  o rg an s  w ere p re ­
f ix e d , subseq u en tly  fix ed  in  osm ium  te tro x id e  a n d  em b ed d ed  in  D u rcu p an  ACM. A JE O L  
J E M  100 В ty p e  e lec tro n  m icroscope was used .

Recovery o f  v irus. F o r  v iru s p ro p ag atio n  p a r ts  o f  th e  spleen, liver, th y m u s  a n d  ly m p h  
n o d e s  w ere g round w ith  q u a r tz  sand  and th e  s u p e rn a ta n t  was grown on H E p -2  tis su e  cu ltu re .

E xam ina tion  o f  lym p h o id  organs. Absolute lym phocyte  count. A fter d e te rm in a tio n  of th e  
le u k o c y te  co u n t in  B u e rk e r’s ch am b er, sm ears w ere  s ta in e d  w ith  Giemsa a n d  in  know ledge of 
th e  W B C  th e  abso lu te  ly m p h o c y te  coun t was d e te rm in e d .

Cytological exam ination . Cytologic p re p a ra tio n s  m ad e  from  spleen, th y m u s  an d  lym ph  
n o d e  cells were sta in ed  w ith  G iem sa and th e  m o rp h o lo g y  of th e  cells was e v a lu a te d  u n d e r th e  
l ig h t  m icroscope.

Lym p h o id  organ weight. T h e  re la tiv e  w eigh t o f th e  sp leen  and th y m u s as well as th e  spleen- 
th y m u s  in d ex  of m ice sacrificed  a t  th e  end of th e  e x p e rim e n t were d e te rm in ed  as follows:

„  . . . , . , . , ly m p h o id  organ w eigh t (m g)
K elative  ly m p h o id  organ w eigh t ==-----------— ---------—----- — -----------

J r  0 & b o d y  w eight (g)

m ean  re la tiv e  lym phoid  organ 
T . .. . w e ig h t in  experim en ta l group
L y m p h o id  o rg an  index  = --------------=— :------------- -——-------------

m ean  re la tiv e  lym phoid  organ
w e ig h t in  contro l group

S tu d e n t ’s tw o-sam ple t te s t  w as used  for s ta tis tic a l e v a lu a tio n ; th e  accep ted  level o f significance 
w a s  p  =  0.05.

R esu lts

As in d ica ted  b y  sev era l p re lim in a ry  ex p erim en ts , a s ig n if ic a n t effect 
c o u ld  be expec ted  o n ly  in  groups w here in  th e  organism  th e  effect o f  v iru s  an d  
P H A  w as o p tim u m . T h is  o p tim u m  was fo u n d  a t  24 h  w ith  th e  a d e n o v iru s  an d  
a t  72 w ith  P H A  tre a tm e n t .  A ccord ingly  tw o  groups were s tu d ie d , i.e. th e  
c o u rse  o f th e  in fec tio n  o f P H A  tre a tm e n t w as app lied  24 h  la te r  (g ro u p  У -j- 
+  P H A ) in 66 m ice; th e  course of in fec tio n  i f  th e  anim als w ere in fe c te d  w ith  
a d e n o v iru s  72 h  a f te r  P H A  tre a tm e n t (g ro u p  P H A  -(- У), in  59 m ice.

T h e  an im als w ere sacrificed  an d  e x a m in e d  on th e  4 th  d a y  a f te r  v iru s  
in fe c tio n  or P H A  tr e a tm e n t .

T he follow ing c o n tro l groups w ere s tu d ie d  w ith  b o th  e x p e rim e n ta l g roups: 
47 u n in fe c te d  an d  u n tr e a te d  contro ls (g ro u p  C) an d  60 P H A  t r e a te d  an im als 
(g ro u p  PH A ). T hese m ice w ere sacrificed  3 d ay s a fte r t r e a tm e n t  w hile th e
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61 co n tro ls  in fec ted  on ly  w ith  v iru s  (group У) w ere  sacrificed  24 h a f te r  th e  
in fec tion .

In  g roup  У -j- PITA th y m u s  w eight c h an g ed  v e ry  sligh tly , th e  sp leen  
in d ex  in creased  1.5 tim es , th e  p e rip h era l ly m p h o c y te  co u n t increased  s ig n if i­
c a n tly . W ith  G iem sa s ta in in g  th e  m a jo r ity  o f th e  th y m u s  and  sp leen  cells 
d isp lay ed  ly m p h o b la s t ch a ra c te ris tic s  w ith  m ito tic  cell fo rm atio n  an d  in  som e 
cases p o ly n u c lea r  cells. V irus pa rtic le s  w ere n o t  d e te c te d  in th y m u s , sp leen  
an d  liv e r cells. Im m unofluo rescence  rev ea led  th e  p resen ce  of an tigens in  3 -5 %  
o f th e  th y m u s , sp leen and  ly m p h  node cells, w hile  v iru s  an tigens also in  th e  
s u p e rn a ta n t  o f cell h om ogena tes w ith  co m p lem en t f ix a tio n . On H E p -2  tis su e  
c u ltu re  th e  sam e su p e rn a ta n ts  y ie lded  a d en o v iru s , in  som e cases even  in  in ­
fec tive  fo rm , th o u g h  o n ly  in  low  ti tre .

In  g roup  P IIA  -(- V th e  re la tiv e  spleen a n d  th y m u s  w eight in c re a se d  
slig h tly , th e  p e rip h era l ly m p h o cy te  co u n t d ecreased , th e  m a jo rity  o f  th y m u s  
an d  sp leen  cells show ed ly m p h o b la s t c h a ra c te r is tic s  w ith  num erous m ito tic  
cells a n d  p o ly n u c lea r ly m p h o id  cells. O ccasionally , v iru s  partic les w ere  seen 
in  th y m u s , sp leen and  liv er cells. Im m u n o flu o rescen ce  revealed  th e  p resen ce  
of ad en o v iru s  an tigens in  5 -7 %  o f th e  th y m u s , sp leen  an d  ly m p h  n o d e  cells. 
V irus an tig en s w ere d e m o n s tra te d  w ith  c o m p lem en t f ix a tio n  in th e  s u p e r ­
n a ta n t  o f cell h o m ogena tes. A denov irus w as reco v e red  in  some cases ev e n  in  
in fec tiv e  fo rm  from  th e  su p e rn a ta n t  k e p t on H E p -2  tissu e  cu ltu re , m a in ly  if 
th e  an im a l h ad  been tr e a te d  w ith  large  P H A  doses. F ig u re  1 shows th e  re la tiv e  
spleen w eigh t an d  ab so lu te  ly m p h o cy te  co u n t. R e su lts  concern ing  sp leen  in d e x , 
v iru s  an tig en  an d  in fec tiv e  v iru s  are  d e m o n s tra te d  in  T ab le  1.

No signs re fe rrin g  to  illness w ere fo u n d  in  th e  an im als in fected  w ith  ty p e  
12 ad en o v iru s . As co m p ared  to  th e  u n in fec ted  a n d  u n tre a te d  con tro ls, in  g ro u p  
V, th e  p e rip h e ra l ly m p h o c y te  co u n t decreased  a f te r  24 h . T he sam e v iru s  ef-

C V РИА V* PHA PHA*V С V PHA VPHA PHA*V

Fig. 1. R e la tiv e  spleen w eigh t and  ab so lu te  ly m p h o cy te  count

C V C V
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Table I

Effect o f  adenovirus infection and P H  A  treatm ent on groups o f  mice

Groups Spleen index V irus antigen , %  Infective virus

V +  P H A  

P H A  +  V

V

P H A

C ontrol

1.50

1.07

0.92

1.10
1.0

3-5

5-7

0.5

+
+ +

f e e t  seem ed to  be re sp o n sib le  for th e  ch an g es  in  group P H A  -(- V w here  v iru s 
a n tig e n s  were o ccasio n a lly  revealed  w hile in  g ro u p  У w here on ly  0 .5 %  o f th e  
ce lls  show ed som e d u b io u s  fluorescence.

In  th e  con tro l g ro u p  tre a te d  solely w ith  P H A , body  w eight a n d  re la tiv e  
th y m u s  w eight in c rea sed  slig h tly , b u t  th e  re la tiv e  spleen w eigh t show ed  a m ore 
m a rk e d  increase a f te r  72 h . The ly m p h o c y te  co u n t increased  a n d  b last-lik e  
m o n o n u c le a r  leu k o cy te s  ap p eared . N u m ero u s  b la s t cells w ere fo u n d  in  th e  
th y m u s  and  spleen. N e ith e r  in fec tive  v iru s  n o r  v iru s an tigens w ere  d em o n ­
s t r a b le  in  groups C a n d  P H A , w hich h a d  n o t  b een  infec ted  w ith  v iru s .

T here  is an  in c rea s in g  n u m b er o f d a ta  to  show  th a t  v iru ses a re  localized  
f i r s t  in  th e  ly m p h o id  o rg an s  o f an im als in fe c te d  w ith  h u m an  ad en o v iru s  [12, 
13 ]. L a te n t  ty p es  o f ad en o v iru s  m ay  n o t  o n ly  persist in th e  to n s ils  a n d  a d e ­
n o id s  o f  m an b u t m ay  also  in fect th e  c irc u la tin g  ly m phocy tes. In  som e cases 
in fe c tiv e  v irus has b een  iso la ted  from  th e  ly m p h o cy tes  [7, 14, 15]. M ono­
n u c le a r  leukocy tes o b ta in e d  from  cord  b lo o d  were successfully  in fec ted  in  
v i t r o  w ith  la te n t  a d e n o v iru s  ty p es  an d  th e  v iru se s  persisted  in  th e  cells w ith o u t 
c a u s in g  m anifest chan g es ] 16]. A ccording to  o th e r  d a ta  no t on ly  v iru s  an tig en  
b u t  a lso  sign ifican t a m o u n ts  of in fec tive  v iru s  w ere p roduced  in  co rd  b lood 
ly m p h o c y te s  if th e y  w ere s tim u la te d  w ith  P H A  p rio r to  in fec tio n  w ith  ad en o ­
v iru s  [17]. This o b se rv a tio n  w as co n firm ed  also b y  our earlie r ex p e rim en ts  
c a r r ie d  ou t w ith  m o n o n u c lea r  leukocy tes o f b lo o d  donors [8]. T he non-specific  
s t im u la t in g  effect o f P H A  w as found  to  increase  th e  se n s itiv ity  o f m ice to 
h u m a n  adenov irus. T h is w as in d ica ted  b y  th e  o bserva tion  o f a s ig n ifican t 
a m o u n t  of v iru s a n tig e n  in som e cells o f th e  im m u n e  organs an d  som e o f th em  
e v e n  c o n ta in e d  in fec tiv e  v iru s . This effect co u ld  be observed  w hen P H A  t r e a t ­
m e n t  h a d  preceded  b y  3 d ay s  th e  v iru s in fe c tio n  or if it  follow ed th e  v iru s  in ­
fe c tio n  b y  1 day.

D iscussion
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T he fac t th a t  in  an im als  in fec ted  w ith  ad en o v iru s , v ira l a n tig e n s  were 
o n ly  occasionally  p re se n t in  th e  lym pho id  o rgans, p ro v es th a t  th e  an tigens 
w ere syn thesized  de n o v o . T he p o ssib ility  of an  in c id en ta l p resence  o f  a m urine 
a d en o v iru s  was exc luded  h y  th e  o b se rv a tio n  th a t  n e ith e r  v iru s  a n tig en s  nor 
in fec tiv e  v iru s w ere fo u n d  in th e  m ice w hich h ad  n o t been in fec ted .

Several ag en ts  are  kn o w n  to  s tim id a te  th e  cells o f th e  ly m p h o id  organs 
b o th  in m an an d  an im als . T h e  s tim u la tin g  effect o f P H A  has been  s tu d ied  
m a in ly  in mice [18-20]. On th e  basis o f th ese  ex p e rim en ts  one m a y  assum e 
th a t  an  aden o v iru s  in fec tio n  w ould  m an ifest its e lf  w ith  th e  p ro d u c tio n  of in ­
fec tiv e  v iruses if  th e  o rg an ism  has a lread y  been s tim u la te d  b y  a n o th e r  agen t. 
O n th e  o th e r h an d , an  a d e n o v iru s  in fec tion  affec ting  an  u n s tim u la te d  organism  
w ould  re su lt in th e  p ro d u c tio n  o f v iru s an tig en s an d  p e rh ap s  in  th e  develop­
m en t o f a la te n t in fec tio n  or v iru s  ca rrie r s ta te  [14, 21]. T h o u g h  d a ta  referring  
to  such  a phenom enon  a re  s till scarce [18, 22], it  is assum ed  th a t  l a te n t  v irus 
in fec tions m ay be a c tiv a te d  b y  d iffe ren t fac to rs  an d  th e n  th e y  m a y  re su lt in 
re lapses or even in th e  d ev e lo p m en t of m alignancy .
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ENCAPSULATION AND MOUSE-VIRULENCE OF 
S E R R A T I A  M A R C E S C E N S  STRAIN SM-1 AND ITS 

VARIANTS IN RELATION TO COLONIAL 
MORPHOLOGY

Y u k i o  O h s h i m a , T o s h i c h i k a  O i it o m o  and K o s a k u  Y o s ii i d a

D epartm ent o f  M icrobiology, St. M arianna  U n iversity  School o f  M edicine,
K aw asaki 213, J a p a n

(R eceived  D ecem der 22, 1982)

W ith  th e  ad d itio n  to  a  so ft-ag ar m edium  of ra b b it  an ti-flag e lla  serum  in h ib itin g  m o b il­
ity , s tra in  SM-1 of Serratia marcescens p roduced  single colonies. S tra in  SM-1 and  its  v a r ia n ts  
A and  В ex h ib ited  th ree  k inds o f colonial form . T he p a re n t  s tra in  show ing e x tra  la rg e  ro u n d - 
ty p e  g ro w th  in  th e  m ed ium  h ad  th e  h ighest cell vo lum e in d e x  an d  m ouse v iru lence, a n d  a  larg e  
capsule w as seen on e lectron  m icroscopy. An in te rm ed ia te  cell volum e index and a  re m a rk a b ly  

1 ow er m ouse v iru lence  w ere observed  w ith  v a r ia n t A, w hich  ex h ib ited  d iffuse-type g ro w th  in  th e  
m edium , a lth o u g h  no d e fin ite  e x trace llu la r fea tu re  w as show n. The v a ria n t B, sh ow ing  com ­
p a c t- ty p e  g ro w th  in th e  m edium , rep resen ted  th e  low est cell volum e index, m ouse av iru len ce  
and w as n o t  en cap su la ted . M ouse v iru lence of th e  p a re n t  s tra in  was assum ed to  be re la te d  to 
encap su la tio n  w hich  p ro tec ts  ag a in st phagocytosis.

S erum -so ft ag a r an d  so ft-ag a r te c h n iq u e  h av e  heen app lied  fo r  th e  
in v e s tig a tio n  o f cell su rface p ro p ertie s  of sev e ra l species o f non-m otile  b a c te r ia  
such as Staphylococcus aureus  [1], Streptococcus pyogenes [2], Streptococcus 
pneum on iae  [3], Klebsiella pneum oniae  [4], K lebsiella  ozaenae [5] an il E scheri­
chia coli [6]. A lth o u g h  co lonial size in  th e  m ed ia  v a r ie d  depending  on  th e  sp e ­
cies, an  a lm o s t sim ilar co lonial m orphology  w as observed  in e n c a p su la te d  o r­
ganism s o f  th e se  s tra in s  ex cep t for s tra in s  o f  S . aureus  [1]. H ow ever, n o  p a p e r  
has been  concerned  w ith  th e  ap p lica tio n  o f  a m o tile  b ac te ria l s tra in  in  th is  
te c h n iq u e . To ap p ly  th e  so ft-ag a r te ch n iq u e  to  m otile  b ac te ria l s tra in s , for 
th e  e x a m in a tio n  o f Serratia  marcescens, th e  so f t-a g a r  m edium  was s u p p le m e n t­
ed w ith  an ti-flag e lla  serum .

M aterials and m ethod s

S tra ins. S tra in  SM-1 of S. marcescens used th ro u g h o u t th e  experim ents was fresh ly  iso la t­
ed fro m  a h u m an  p a tie n t. T he s tra in  show ed large ro u n d  colonies on soft-agar m ed iu m  c o n ta in ­
ing ra b b it  an ti-flag e lla  serum . Two v a ria n ts , A an d  B , o b ta in e d  by  rep ea ted  su b c u ltu r in g , 
ex h ib ited  d iffuse  and  co m p act colonial m orphologies, re sp ec tiv e ly . Serogroup o f th e  s tra in  
SM-1 w as 0 5  d e te rm in ed  by  ag g lu tin a tio n  te s t using  co n v en tio n a l specific a n tise ra  (T osh iba  
C hem ical Co. L td .,  T okyo , Ja p a n ).

Y u k io  O h s h im a , T o s h ic h ik a  Oh to m o , K o sa k u  Y o sh id a
D epartm ent o f M icrobiology, St. M arianna U niversity School of Medicine
2095 Sugao, M iyam aye-ku, Kaw asaki 213, Japan
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P reparation o f  rabbit anti-flagella serum. S tra in  SM-1 was cu ltu red  in  t ry p tic a s e  soy 
b r o th  (D ifco) a t  37 °C fo r 24 li an d  th e  flagella  f ra c tio n  w as o b ta ined  by  th e  m e th o d  of Ko- 
b a y a s h i  e t al. [7]. O f th e  frac tio n  a volum e of 0.3 ml co n ta in in g  100 fig of p u rified  f lag e lla  p ro te in  
p e r  m l, w as in jec ted  in to  th e  m arg in a l ear v e in  o f  r a b b its  w eighing 2.5 kg  (J a p a n e se  w hite  
r a b b i t ,  N ihon  Clea F a rm  Co. L td .,  T okyo, J a p a n )  on  th re e  successive days w eekly  fo r 4 weeks. 
T e n  d a y s  a f te r  th e  fin a l in je c tio n , th e  ra b b its  w ere e x sa n g u in a te d , th e  sera w ere se p a ra te d  and 
th e  an ti-f lag e lla  a n tib o d y  a c t iv ity  was d e te rm in ed  b y  th e  soft-agar tech n iq u e . T h e  tw ofold 
se r ia l  d ilu tio n  of th e  ra b b it  a n tise ra  w hich p ro d u ced  d e fin ite  single colonies o f th e  o rgan ism  
w as considered  one u n it  of th e  a c tiv ity .

A nti-flagella  serum -soft agar technique. T he o rg an ism s cu ltu red  in  b ra in  h e a r t  infusion 
b r o th  ( B i l l ,  D ifco) a t  37 °C fo r 24 h  were d ilu ted  1 : 10 ~6 w ith  sterile  saline. O ne te n th  m l of 
th is  cell suspension  and  two u n its  o f ra b b it a n ti- f lag e lla  serum  were com bined w ith  10 m l of 
B i l l  c o n ta in in g  0 .15%  (w /v) a g a r (B acto ag ar, D ifco) a t  f in a l concen tra tion . T hese  w ere k e p t a t 
4 °C fo r 30 m in, c u ltu red  a t  37 °C and  colonial m o rp h o lo g y  of the  organism s w as d e te rm in ed  
a f te r  24 h.

D eterm ination o f  mouse virulence. S tra in  SM-1 a n d  th e  v a rian ts  A and В w ere  cu ltu red  in 
B i l l  b ro th , h a rv ested  by  cen trifu g a tio n  a t  7000 g  fo r 30 m in , resuspended in ste rile  sa line , th en  
th e  tu rb id i ty  was a d ju s te d  n ep h elo m etrica lly  to  1.0 OD a t  430 nm . V iable cell n u m b e r  of the  
cell suspension  was 6.43 X Ю8 to  7.21 X 108 per m l as e s tim a te d  by  th e  p la te  co u n t m eth o d . The 
cell suspensions w ere d ilu ted  tw ofo ld  w ith  saline. O f th e se , 0.5 ml and 4.5 ml of 5 %  (w /v ) m ucin  
(W ilso n  ty p e )  in saline w ere in je c te d  in tra p e rito n e a lly  in to  a group of 5 m ice e ac h  w eighing 
a p p ro x im a te ly  15 g (D D  s tra in , N ihon Clea Co. L td . ,  T okyo , Jap a n ). The n u m b e r  of dead 
a n im a ls  w as reco rded  fo r a p e rio d  of tw o weeks.

V iability  o f  the stra in  and  its variants in  mouse peritoneal cavity. To d e te rm in e  th e  v iab il­
i t y  o f  s tra in  SM-1 and  th e  v a r ia n ts , A and B , in je c te d  in to  th e  peritoneal c av ity  o f  m ice, the  
cell suspensions were o b ta in ed  as m en tioned  ab o v e, a n d  th e ir  tu rb id ity  was s im ila rly  ad ju s te d  
to  0.5 OD.

T h e  v iab le  cell n u m b er w as 1.85 X Ю8 to  2.20 X 108 p e r ml. Of th e  suspensions, 0.5 m l was 
in je c te d  in tra p erito n ea lly  to  each  of 5 mice. O ne, 3, a n d  15 h  a fte r th e  in jec tion  p e r ito n ea l flu id  
w as w ith d raw n  and  th e  v iab le  cell co u n t was d e te rm in e d  [8 ] and th e  average cell n u m b er  o f 3 
e x p e r im e n ts  was no ted .

Cell volume index and biological properties. T o d e te rm in e  th e  cell volum e in d e x  of s tra in  
SM-1 a n d  its  v a r ia n ts , th e  o rg an ism s cu ltu red  in B H Iw e re  harv ested  by  c en trifu g a tio n , w ashed 
on ce  w ith  sterile  saline an d  th e  ind ices were reco rd ed  [8] b y  using a H opkins tu b e . T o exam ine 
th e  b io log ical p rop erties  of th e m , a conventional e n te ro b a c te r ia l  id en tificatio n  k i t  ( ID  te s t,  E B  
20, N issu i P h a rm aceu tica l Co. L td ., T okyo, .Japan) in v o lv in g  th e  following te s ts  w as used: 
fe rm e n ta t io n  to  inosito l, m an n o se , sorbose, a rab in o se , rham n o se  and ra ffinose . I n  ad d itio n , 
ly s in e  d ecarboxy lase , arg in ine  decarboxylase , th e  V oges—P ro sk au e r reac tion  a n d  u til iz a tio n  of 
m a lo n a te  an d  arg in ine w ere ex am ined . D eo x y rib o n u clease  was determ ined  b y  D N ase  m edium  
(D ifco).

Electron microscopy. T h e  organism s c u ltu red  on  B i l l  m edium  a t  37 °C fo r 24 h  were 
h a rv e s te d ,  p refixed  w ith  7 %  (v /v ) g lu ta ra ld eh y d e  in  0.1 м  phosphate  buffer p H  7.4 a t  4 °C 
o v e rn ig h t , th en  fix ed  again  w ith  0 .1%  (w/v) osm ic acid  a t  room  tem p era tu re  for 5 h . T h e  fixed  
m a te r ia ls  w ere d e h y d ra ted  in  e th a n o l and ace tone , th e n  em bedded  in Q uetol 812 (N issh in  EM 
Co. L td . ,  T okyo, Ja p a n ) . U ltra th in  sections w ere p re p a re d  by  an u ltram ic ro to m e (T ype  MT-1, 
I v a n  S orv a l Inc ., N orw alk , C onn.), m oun ted  w ith  r a b b i t  a n ti-s tra in  SM-1 serum  [9] a n d  s ta in ed  
w ith  u ra n y l  ace ta te . M orphological observations w ere  m ad e  by  e lectronm icroscopy  (M odel 
100B , J a p a n  E lec tro n  O ptics Co. L td ., T okyo, J a p a n ) .

R esults

Colonial morphology o f  strain SM -1  and  its  variants in rabbit anti-flagella  
serum -so ft agar. W hen  r a b b i t  an ti-flag e lla  se ru m  was added  to  so f t-a g a r  m e­
d iu m , single colonies w ere observed. T h is te c h n iq u e  was affected  b y  th e  con­
c e n tra t io n  of agar, sa lt a n d  th e  pH  o f th e  m ed iu m . O ptim um  c o n d itio n s  were 
as fo llow s: 0 .15%  (w /v) ag a r, 0 .75%  (w /v) s a lt  an d  pH  7.0. U nder th e se  con­
d itio n s , th e  colonies o f s tra in  SM-1 and  its  v a r ia n ts  A and  В e x h ib ite d  large
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Fig. 1. C olonial m orphology of s tra in  SM-1 of S. marcescens (P ) and v a ria n ts  (A ) a n d  (B ) in 
so ft-ag ar co n ta in in g  ra b b it an ti-flag e lla  serum  an d  s tra in  SM-1 c u ltu red  in  so ft-a g ar c o n ta in in g

n orm al ra b b it  se ru m  (Cr)

ro u n d , d iffuse  and  co m p ac t ty p e  g ro w th , re sp ec tiv e ly , as show n in  F ig . 1. 
T he g ro w th  o f v a r ia n ts  A an d  В th ro u g h o u t the  tu b e  in so ft-agar m ed iu m  con­
ta in in g  n o rm a l ra b b it  sera  w as excluded . In  th ese  cases, th e  large ro u n d  colo­
nies o f  s tra in  SM-1 w ere c o n v e rted  to  c o m p a c t- ty p e  th ro u g h  d iffu se -ty p e  
g ro w th  a f te r  re p e a te d  su b c u ltu re s . Also, v a r ia n ts  A and  В re v e r te d  to  large 
ro u n d - ty p e  g ro w th  in m ouse passages.

Biological properties. S tra in  SM-1 an d  its  v a r ia n ts  A and  В sh ow ed  id e n ­
tic a l b io logical p ro p ertie s . T h ey  fe rm e n te d  inosito l, m annose, so rb o se  and  
sucrose w ith o u t gas p ro d u c tio n , h u t  d id  n o t fe rm en t arab inose , rh a m n o se  and  
ra ffinose . T h e y  were p ositive  fo r ly sine  d eca rb o x y lase  an d  n eg a tiv e  fo r a rg i­
n ine  d eca rb o x y lase . T hey  did  n o t  u tilize  m a lo n a te  an d  arg in ine a n d  gave  a 
po sitiv e  V oges-P roskauer an d  d eo x y rib o n u c lease  te s ts  and  d isp lay ed  red  
p ig m e n ta tio n  on B H I ag ar p la te .

Cell volume index. Cell vo lum e ind ices o f s tra in  SM-1 an d  v a r ia n ts  A an d  
В w ere 1.37, 1.17 and  1.00, re sp ec tiv e ly , su ggesting  an  e n cap su la tio n  in  th e  
p a re n t s tra in .

M ouse virulence. In je c tio n  o f 9.80 X 104 cells of s tra in  SM-1 in  m ucin  
suspension  k illed  100%  o f th e  m ice an d  o f v a r ia n t  A 4.56 X 10(i cells w ere 
req u ired  to  cause  a s im ila r m o rta lity . O f v a r ia n t  B , how ever, n o t ev en  1.02 X 

X 108 cells w ere le th a l.
T o x ic ity  for mice. O f th e  p a re n t s tra in  an d  its  v a ria n ts  A a n d  B, 1.0 mg 

of h e a t k illed  vaccine killed 20 to  4 0%  o f th e  an im als , an d  2.0 m g o f .a n y  s tra in  
was le th a l to  80 to  100%  (Table I). Such u n ifo rm  resu lts  in d ica te  t h a t  a ll o r­
ganism s co n ta in ed  a lm o st eq u a l am o u n ts  o f en d o to x in .
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Table I

M ouse  to xic ity  o f  heat-killed vaccine prepared fro m  p a ren t stra in  SM -1  o f  Serratia marcescens
and its variants A  a n d  В

H eat-killed 
organism s (mg) SM-1

A В

2.0 5/5* 4/5 4/5
1.0 1/5 1/5 2/5
0.5 0/5 0/5 0/5

* N o. of dead /N o. o f u sed

F ate  o f  stra in  S M -1  and  its variants in  m ouse peritoneal cavity. To e luc i­
d a te  th e  m ouse v iru len ce  o f  th e  p a re n t s tra in  th e  fa te  of th e  o rgan ism s in ­
je c te d  in tra p e r ito n e a lly  w as observed . W h en  2 .0  X Ю8 of th e  p a re n t  s tra in  
a n d  i ts  v a r ia n ts  in  sa line  suspension  w ere in je c te d  in tra p e rito n e a lly  to  th e  
m ice, th e  p a re n t s tr a in  g ra d u a lly  m u ltip lied  to  1010 in  15 h  (F ig . 2) w hen  i t  
k illed  th e  an im als. W ith  v a r ia n t  A no m u ltip lic a tio n  was observed  in  3 h , 
th e n  th e  co u n t g ra d u a lly  decreased  and  no  a n im a l died. (These re su lts  h av e  
n o t b e e n  inc luded  in  F ig . 2.) W ith  v a r ia n t 11, th e  v iab le  cell n u m b e r decreased  
ra p id ly  to  reach  104 a t  15 h  a f te r  th e  in jec tio n  a n d  all an im als su rv iv ed  (F ig . 2).

Electron m icroscopy. T he  o u te rm o st la y e r  o f  th e  p a re n t s tra in  w as s u r ­
ro u n d e d  b y  h igh  e lec tro n  dense m a te ria l in d ic a tin g  th e  ex istence o f a c ap su la r  
s u b s ta n c e . No such  f in d in g  w as observed  w ith  th e  v a r ia n ts  A an d  В (F ig . 3).

F ig. 2. R eco v ery  of s tra in  SM-1 o f S. marcescens a n d  v a r ia n t  В a fte r  in tra p e rito n ea l in jec tio n  
in  m ice  : • ------ •  a n d  о ------- о in d ica te  s tra in  SM-1 an d  v a r ia n t B , resp ec tiv e ly
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F ig. 3. U ltra - th in  section  of s tra in  SM-1 (a) o f  S. marcescens and  v a ria n t B (b ) t r e a te d  w ith
ra b b it  anti-SM -1 serum

D iscussion

S erum -so ft ag ar an il so ft-ag a r te c h n iq u e s  have heen ap p lied  b y  severa l 
a u th o rs  fo r th e  selec tion  of n o n -m o tile  e n cap su la ted  b ac te ria l s tr a in s  [1 -6 ]. 
A lth o u g h  sem i-solid  ag ar p la te  c o n ta in in g  an ti-flag e lla  serum  w as also  u sed  for 
th e  id e n tif ic a tio n  o f flagella  a n tig e n  o f  Salm onella  sp. [10], w ith  th e s e  te c h ­
n iq u es  th e  colonial m orpho logy  o f m o tile  o rgan ism s has n o t heen  in v e s tig a te d . 
I n  o u r ex p erim en ts  d is tin c t single colonies w ere produced  in  so f t-a g a r  c o n ta in ­
in g  a n ti-flag e lla  serum  w ith  s tra in  SM-1 o f S . marcescens and  its  v a r ia n ts .  The 
p a re n t  s tra in  e x h ib itin g  large  ro u n d - ty p e  g ro w th  proved  to  he m ouse  v iru le n t 
a n d  e n cap su la ted , while its  v a r ia n ts  A an d  B , show ing diffuse a n d  co m p ac t-
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ty p e  g ro w th  were less m ouse  v iru le n t and  a v iru le n t , respective ly , an d  v a r ia n t  
В w as n o t  en cap su la ted  w h ile  th e  cell surface o f  th e  in te rm e d ia te  ty p e  v a r ia n t  
A w as n o t  clearly  d e fin ed . S till, th e  biological p ro p e rtie s  of th e  p a re n t s tra in  
a n d  th e  v a r ia n ts  A an d  В w ere  iden tica l.

N um erous in v e s tig a to rs  have  em phasized  t h a t  th e  surface co m p o n en t 
o f m icroo rgan ism s such  as th e ir  capsule or slim e m a te r ia ls  p layed  an im p o r ta n t  
ro le  in  p a th o g e n ic ity  [11—14] an d  these c o m p o n e n ts  o f th e  organism s a re  r e ­
g a rd e d  as v iru le n t fa c to rs .

I n  th e  p resen t e x p e rim e n ts , th e  e n c a p su la te d  p a re n t s tra in  g ra d u a lly  
in c re a se d  its  v iab le  cell n u m b e r  in th e  p e r ito n e a l c a v ity  of mice an d  cau sed  
th e ir  d e a th . W ith  th e  n o t  en cap su la ted  v a r ia n t  В th e  v iab le  cells d isap p ea red  
in  th e  p e rito n ea l c a v ity  a n d  th e  anim als su rv iv e d .

T hese  find ings a re  be liev ed  to  reflec t th e  im p o rta n c e  of th e  surface p ro p ­
e r tie s  a n d  seem to  su g g est t h a t  th e  surface m a te r ia l  such  as th e  capsu le  th is  
species o f b ac te ria  a p p a re n t ly  p ro tec ts  a g a in s t p h agocy tosis . These re su lts  
co in c id ed  w ith  fin d in g s m ad e  in G ram -n eg a tiv e  n o n -m o tile  b ac te ria l s tra in s  
in  so f t a g a r m edium  [4 -6 ], em phasiz ing  th e  a n tip h a g o c y tic  role of th e ir  cap su le  
a n d  i ts  re la tio n  to  p a th o g e n ic ity . In te rc o n v e rs io n  b y  flagella  an tise ru m  o f a 
s tr a in  o f  Salm onella  sp . h a s  been  observed on sem i-so lid  agar p la te  c o n ta in in g  
a n ti- f la g e lla  serum  [10, 15]. In  th e  p resen t e x p e rim e n ts  no an tigen ic  co n v e r­
sion  w as observed  w ith  th e  p a re n t s tra in  an d  its  v a r ia n ts  even a fte r re p e a te d  
s u b c u ltu re s .

E x tra -h ig h  sp e c if ic ity  an d  conversion o f  flag e lla  an tigen  rem a in  th e  
te c h n ic a l problem s o f th e  m e th o d .
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SEMI-CRUDE HUMAN LEUKOCYTE INTERFERON 
PRODUCTION IN A SIMPLE MEDIUM

M. T ó t h . I .  M é c s , S. T ó t h , V a l é r i a  E n d r é s z  and I lo n a  B é l á d i

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

(Received January 21, 1983)

Sem i-crude h u m an  leuk o cy te  in te rfero n  (specific a c t iv ity  a t  least 105 in te rn a tio n a l u n its  
pe r m g p ro te in )  was produced  by  rep lacem en t of p rim ing  m ed iu m  w ith  p ro te in  poor m ed iu m  
before th e  p ro d u c tio n  period . A sim pler m edium  th a n  E ag le ’s m ed ium  was su itab le  to  o b ta in  
su b s ta n tia l q u a n titie s  o f in te rfero n .

H u m an  leu k o cy te  in te rfe ro n  (H uIFN ct) is now  being  p ro d u ced  in  la rg e  
q u a n titie s  for clinical p u rp o ses . In  recen t y ea rs  sev era l p u rifica tio n  p ro ced u res  
re su ltin g  in IFNoc p re p a ra tio n s  of h igh specific a c t iv i ty  have  been d escribed , 
h u t  th ese  m eth o d s u su a lly  req u ire  an  in itia l p u rif ic a tio n  step . A cid e th a n o l 
e x tra c tio n  o f h u m an  leu k o cy te  in te rfe ro n  acco rd in g  to  C antcll an d  H irv o n en
[1] has been useful for th e  in itia l p u rific a tio n  o f la rg e  am o u n ts  o f in te rfe ro n . 
S till, as re p o rte d  b y  E rickson  an d  P au ck er [2] in  o u r h an d s  th e  p ro ced u re  gave 
v a riab le  re su lts . T herefo re  a n o th e r  w ay w as te s te d  to  increase th e  specific  
a c tiv ity  o f IF N a  p re p a ra tio n s , n am ely  by  p ro d u c in g  it in p ro te in  poor m ed iu m .

M aterials and m ethods

P reparation o f  crude interferon. C rude hum an  in te rfe ro n  was produced  in h u m an  b u ffy  
co at cells w ith  Sendai v iru s accord ing  to  th e  m ethod  of C an te ll e t al. [3-5]. B riefly, b u ffy  co ats 
were u tilized  w ith in  24 h o f collection . R ed blood cells w ere rem o v ed  by  tre a tm e n t w ith  0 .83%  
N I14C1 so lu tion , an d  p u rified  leuk o cy tes  were suspended to  a fin a l co n cen tra tio n  of 107 cells/inl 
in E ag le ’s m ed ium  (G lasgow m o dification ), supp lem en ted  w ith  25 //g/m l neom ycin  a n d  2.5 
m g/m l h u m an  agam m a serum . T he agam m a serum  was p ro d u ced  b y  rem oving m o st o f the  
g lobulin  by (N H 1)2S 0 4 p re c ip ita tio n  acco rd ing  to C antell a n d  P yhälii [6 ]. In  som e e x p erim en ts  
e th an o l e x tra c te d  hu m an  se ru m  a lb u m in  was used  (p ro d u ced  by In s ti tu te  for S e ro b acteria l 
R esearch  an d  P ro d u c tio n  H u m an , B u d ap est). Volum es of 20 m l leu k o cy te  suspensions in 100 ml 
flasks w ere shaken  or 3000 ml cell suspensions in 6000 ml w ide-neck round  b o tto m  flask s w ere 
a g ita te d  by  a m agnetic  s tirre r  (C an te ll, personal co m m u n ica tio n ) in 37 °C w ater b a th . P rim in g  
in te rfero n  was added  to  give a f in a l co n cen tra tio n  of 100 IU /m l. In te rfe ro n  p ro d u c tio n  was 
induced  by th e  add itio n  of 1/20 vol o f Sendai v irus a f te r  th e  2 h p rim ing  period  as described  
prev iously  [7], an d  th e  in cu b a tio n  w as con tinued  o v ern ig h t. Cells and  debris were rem oved  by 
cen trifu g a tio n , and  th e  su p e rn a ta n ts  were stored  a t  —20 °C.

Interferon assay. In te rfe ro n  assays were perform ed in  a m icroassay  system  as described  
prev iously  [8 I using  CV-1 cells an d  vesicu lar s to m atitis  v iru s [VSV] as challenge v irus. Л11 in te r-
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fe ro n  u n its  are expressed in in te rn a tio n a l u n its  (G -023-901-527 reference was o b ta in e d  from  the  
N a tio n a l  In s titu te s  o f H e a lth , B e th esd a).

P artia l p urifica tion  o f  S enda i virus. In fec ted  ch o rioa llan to ic  flu ids of develop ing  em bryos 
w ere  cen trifuged  a t  3000 g fo r 30 m in, follow ed b y  a second cen trifu g a tio n  a t  40 000 g  for 
30 m in . T he pellet co n ta in in g  ap p ro x im a te ly  10%  o f th e  in itia l p ro te in  c o n te n t w as dissolved 
in  1/30 vol of phosphate  b u ffered  saline (PB S ) pH  7.6, su p p lem en ted  w ith  2.5 m g/m l hu m an  
a g a m m a  serum . The p a r tia lly  p u rif ied  v irus w as s to red  a t  —70 °C.

H aem agglutination ( H A ) and  infectivity  assay. H A  was de term ined  b y  ch ick  e ry th ro ­
c y te s  as prev iously  described  [7]. In fe c tiv ity  was expressed  in  te rm s of 50%  egg in fec tio n  dose 
( E I D 50).

Protein determ ination. P ro te in  co n cen tra tio n  was d e term ined  by  th e  m eth o d  of Lowry 
e t  a l. [9] using bovine se ru m  a lb m in  as the  s ta n d a rd .

R esults

Interferon production  in  different m edia. E a rlie r we have u sed  E ag le ’s 
m e d iu m  (Glasgow m o d ifica tio n ) for in te rfe ro n  p ro d u c tio n . T he m ed iu m  was 
m a in ta in e d  a t p H  7.4 b y  C 0 2-b ic a rb o n a te  b u ffe r. W hen a less co m p lex  m e­
d iu m , such  as b a lan ced  s a lt  so lu tio n  (BSS) i. e. E ag le ’s m edium  w ith o u t am ino 
ac id s  a n d  v itam ins w as u sed , th e  y ield  o f in te rfe ro n  was n o t red u ced  (T able  I). 
A  m e d iu m  w ithou t ca lc iu m  (.lock lik  m od ified  E ag le ’s m edium ) was n o t  su itab le  
fo r  o p tim a l in te rfe ro n  p ro d u c tio n . The y ie ld  w as also reduced  w hen th e  C 0 0-h i- 
c a rb o n a te  buffered  E ag le ’s m ed iu m  was re p la c e d  b y  p h o sp h a te  bu ffe red  H a n k s ’ 
s o lu tio n  PB S, even if  H a n k s ’ so lu tion  w as su p p lem en ted  w ith  am ino  ac ids and  
v ita m in s .

E ffre l ° f  protein concentration on the y ie ld  o f  interferon. E x p e rim e n ts  in 
s h a k e n  flasks were done to  d e te rm in e  th e  o p tim u m  serum  c o n c e n tra tio n  for 
in te r fe ro n  p ro d u c tio n . F ig u re  1 show s t h a t  th e  m ax im um  y ield  o f IF N  was 
p ro d u c e d  in RSS c o n ta in in g  2.5 m g/m l h u m a n  agam m a serum , a n d  th a t  a l­
b u m in  e x tra c te d  b y  a lco h o l w as n o t a d e q u a te  for IF N  p ro d u c tio n .

Table I

Interferon production by hum an leukocytes in  different media

Medium

Eagle’s
m edium
(Glasgow
m odifica­

tion)

BSS*
Eagle’s
medium

H ank’s
solution

H ank’s solution 
w ith 

vitam ins 
and amino 

acids**

PBS

T itr e  o f  IFN ***. IU /m l 49 300 47 570 21 840 22 530 24 800 4040

P e r  c en t — 96.5 44.3 45.7 50.3 8.2

* B alanced sa lt so lu tio n  (E a g le ’s m edium  w ith o u t am ino  acids and  v itam in s)
** H a n k ’s so lu tion  su p p le m e n ted  w ith  v ita m in s  an d  am ino acids in  q u a n tit ie s  id en tica l 

as in  th e  Glasgow m odified  E ag le ’s m edium
*** D a ta  are from  th re e  d iffe re n t ex p erim en ts . L eu k o cy te  cu ltu res of 20 m l/107 cell/m l 

c o n ta in e d  2.5 m g/m l h u m an  a g am m a serum
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Fig. 1. E ffec t o f p ro te in  co n ce n tra tio n  on  in te rfe ro n  p ro d u c tio n  b y  leu kocy tes. L eu k o cy te  
c u ltu re s  o f  20 m l co n ta in ed  10" cell/m l in  BSS su p p lem en ted  w ith  d iffe ren t am o u n ts  o f h u m an  

agam m a serum  ®—---- •  o r e th a n o l e x tra c te d  h u m an  a lb u m in  о -------о

Volume of Sendai v iru s/Ю7 leukocytes, ml

F ig. 2. P a ra m e te rs  of crude  an d  p a r tia lly  p u rified  Sendai v irus. H aem a g g lu tin a tio n  a c t iv ity  
(A), in fec tiv ity  (B) an d  in te rfe ro n  in d u cin g  cap ac ity  (C) of crude (sh ad ed ) an d  p a r tia lly  p u ri­
fied  (open) Sendai v irus. C o n cen tra ted , p u rified  Sendai v irus m a te ria l was d ilu ted  to  th e  o ri­
g inal vo lu m e (30-fold) in  BSS before  use. V alues are m eans of re su lts  o f tw o in d ep e n d en t ex ­
p e rim en ts . (C) L eukocy te  cu ltu res  o f 20 m l co n ta ined  107 cell/m l in  BSS su p p lem en ted  w ith

2.5 m g/m l agam m a serum
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Interferon in d u c tio n  by p a rtia lly  p u r if ie d  Senda i v irus. S endai v iru s  p a r ­
t ia l ly  purified  by  h ig h -sp eed  c e n trifu g a tio n  w as as ac tiv e  as cru d e  v iru s  for 
in te r fe ro n  in d u c tio n  (F ig . 2). A fter c e n tr ifu g a tio n  th e  p e lle t co n ta in ed  67%  
o f  th e  in itia l h a e m a g g lu tin a tio n  a c tiv ity  a n d  all o f  th e  in fe c tiv ity .

Production o f  sem i-crude hum an in terferon. As F ig . 1 show s, p ro duc tion  
o f  I F N  in su b s ta n tia l q u a n ti t ie s  requ ires a h igh  serum  c o n c e n tra tio n , b u t  th is  
se ru m  dem and  is e sse n tia l only  during  th e  p rim in g  p e rio d  [10]. Since th e  
a d so rp tio n  of S endai v iru s  to  th e  leukocy tes is com ple te  w ith in  5 m in as m ea­
su re d  b y  H A  (d a ta  n o t  show n) an d  since in te rfe ro n  is n o t p ro d u c e d  for 3 h  a fte r  
in fe c tio n , it  was su p p o se d  th a t  be tw een  th e se  p o in ts  of t im e  th e  p rim ing  m e­
d iu m  of high p ro te in  c o n te n t  could be rem o v ed  an d  rep laced  b y  th e  p ro te in  
p o o r  p ro d u c tio n  m e d iu m . F ig u re  3 show s th a t  th e  o p tim u m  tim e  of exchange 
o f  p rim in g  m edium  w ith  p rew arin ed  p ro d u c tio n  m edium  c o n ta in in g  0.25 m g/m l 
p ro te in  was 10 m in  a f te r  indu c tio n . U sing a h igher p ro te in  co n cen tra tio n  
(1 m g/m l) the y ie ld  o f  in te rfe ro n  was n o t in c reased , b u t  p ro d u c tio n  m edium  
w ith o u t p ro te in  led  to  o n ly  m inim al in te rfe ro n  p ro d u c tio n . I f  th e  p rim ing  
m e d iu m  was changed  b e fo re  induc tio n  b y  S endai v iru s  th e  in te rfe ro n  inducing  
c a p a c ity  of leu k o cy te s  w as com pletely  re ta in e d  (F ig . 3, co lum n  B). T able  I I  
sh ow s th e  p ro p e rtie s  o f  IF N  p re p a ra tio n s  p ro d u ced  by  m ed iu m  exchange 
b e fo re  and  a fte r in d u c tio n , com pared  to  in te rfe ro n  p ro d u ced  w ith o u t m edium

F ig . 3. Tim e of m ed iu m  e x ch an g e  and  in te rfero n  y ield . P rim ing  m ed iu m  w as exchanged  by  
p e lle tin g  (800 g, 10 m in , ro o m  tem p e ra tu re )  and  resu sp en sio n  of cells im m ed ia te ly  before Sendai 
v iru s  in fection  (co lum n B ) o r 5 -180  m in a fte r Sendai v iru s in fec tion  (co lum ns A). E xchang ing  
m e d ia  con tained  1.0 (sh a d ed ) 0.25 (open) and 0.0 (h o rizo n ta lly  s trip ed ) m g/m l h u m an  agam rna 
se ru m . C ultures of 20 m l c o n ta in e d  107 leukocy tes/m l. All yields w ere expressed  in per cen t of 
I F N  t i t r e  of th e  u n c h an g e d  co n tro l (average t it re  73 970 IU /m l). T he p rim in g  m edium  an d  the

p ro d u c tio n  m edia  w ere  BSS
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Table II

Properties o f  crude and semi-crude interferon produced by medium  exchange

Semi-crude IFN *

Crude IF N  
(no medium exchange)

medium exchange 
before induction

m edium  exchange 
10 m in  after 

induc tion

T itre  o f IF N , IU /m l 73 970 75 250 56 880
P ro te in  co n te n t, m g/m l 2.75 0.36 0.29
Specific a c tiv ity , IU /m g  p ro te in 2.69 x lO 4 2.09 x 1 0 s 1.96 x 1 0 s

* M edium  w ith  2.5 m g/m l agam m a serum  w as rep laced  b y  m edium  co n ta in in g  0.25 m g/m l 
ag am m a serum . P re p a ra tio n s  w ere th e  sam e as u sed  F ig . 3. D a ta  ob ta in ed  in  fo u r d iffe ren t 
ex p erim en ts

Table I I I

Properties o f  crude and semi-crude interferon produced in  large volum e

Semi-crude IFN *

Crude IF N  
(no medium exchange)

medium exchange 
before induction

m edium  exchange 
after induction

T itre  o f IF N , IU /m l 56 310 48 470 10 960
Specific a c tiv ity , IU /m g  pro tein 2.02 X 104 1.56 X 10s 3.7 x l O 4

* M edium  w ith  2.5 m g/m l ag am m a  serum  w as ex changed  for m edium  c o n ta in in g  0.25 
m g/m l a g am m a  serum  before  in d u c tio n  by  p a r tia l ly  p u rif ie d  Sendi v irus o r 10 m in , a fte r 
in d u c tio n  b y  crude  Sendai v irus. D a ta  o b ta in ed  in  f iv e  in d ep e n d en t ex p erim en ts

exchange . T he specific a c tiv ity  o f th e  p re p a ra tio n s  was in c rea sed  a b o u t 
7-fold an d  exceeded  th e  v a lu e  o f 105 IU /m g  p ro te in , so th e y  m a y  be  called 
sem i-crude  in te rfe ro n  p re p a ra tio n s .

Sem i-crude interferon production in  large volume. The v e rs a t i l i ty  o f  m e­
d ium  exch an g e  to  increase  th e  specific a c t iv i ty  o f  IF N  p re p a ra tio n s  w as te s te d  
using  la rg e  vo lum es. In  five  in d ep en d en t ex p e rim en ts  leu k o cy te  c u ltu re s  of 
3000 ml w ere in c u b a te d  in  6000 m l ro u n d  b o t to m  flasks a g ita te d  b y  a m a g n e t­
ic s tir re r . E ach  ex p e rim en t inc luded  IF N  p re p a ra tio n s  p roduced  b y  m ed iu m  
exchange before , an d  10 m in a fte r , v iru s in fe c tio n , as well as c ru d e  I F N  p re ­
p a ra tio n s  p ro d u ced  w ith o u t m ed ium  ex ch an g e  (Table I I I ) .  S u b s ti tu t io n  for 
th e  p rim in g  m edium  o f m ed ium  c o n ta in in g  0.25 m g/m l agam m a se ru m  a fte r  
S endai v iru s  in fec tion  re su lted  in  in te rfe ro n  sam p les  w ith  low er t i t r e s  th a n  tho se  
o b ta in e d  in th e  sm all vo lum e ex p erim en ts  (T ab le  I I ) . I f  th e  m ed ium  ex ch an g e  
was ca rr ied  o u t before  S endai v iru s  in fec tio n , t i t r e s  close to  th e  c o n tro l were
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o b ta in e d . T he specific a c t iv i ty  of these  I F N  p re p a ra tio n s  exceeded th e  v a lu e  
o f  105 IU /m g  p ro te in . To re d u c e  th e  egg p ro te in  c o n te n t  in  th e  in te rfe ro n  sa m ­
p le s , p a r t ia l ly  p u rified  S e n d a i v iru s  was u sed  in  th e se  experim en ts.

D iscussion

P u rif ic a tio n  m e th o d s  fo r  in terferon  re s u lt in g  in  high specific a c t iv i ty  
g e n e ra lly  req u ire  an  in it ia l  p u rific a tio n  s tep . S ince th e  choice of th e se  p ro c e ­
d u re s  is lim ite d  an d  re c o v e ry  is v ariab le , we h a v e  chosen  a d ifferen t a p p ro a c h  
to  im p ro v e  th e  specific a c t iv i ty  of our IF N a  p re p a ra tio n s . The aim  o f th is  w ork  
w as  to  te s t  th e  use o f p ro te in  poor m ed ium  fo r in te rfe ro n  p ro d u c tio n .

T h e  resu lts  p re se n te d  c learly  p roved  t h a t  th e  IF N  inducing  c a p a c ity  o f 
le u k o c y te s  in c u b a te d  in  p ro te in  rich  m ed iu m  d u rin g  th e  p rim ing  p e r io d  is 
r e ta in e d  in  p ro te in  po o r m e d iu m  (Fig. 3). I n  sm a ll volum es th e  r e d u c tio n  o f 
p ro te in  c o n cen tra tio n  b y  m ed iu m  exchange b e fo re  o r 10 m in a fte r S en d a i v iru s  
in fe c tio n  led  to  an  im p ro v e m e n t in  specific a c t iv i ty  of th e  in te rfe ro n  to  m ore 
th a n  105 IU /m g  p ro te in  (T ab le  I I ) .  In  large v o lu m es on ly  a m ed ium  ex ch an g e  
b e fo re  v iru s  in o cu la tio n  re su lte d  in  such  a n  in crease  in specific a c t iv i ty  
(T ab le  I I I ) .  I f  th e  m ed iu m  exchange was c a rr ie d  o u t a f te r  v iru s in fe c tio n , low  
t i t r e s  a n d  specific a c tiv itie s  tvere o b ta in ed . T h e  cause  of th e  d iffe ren t re su lts  
o b ta in e d  w ith  sm all a n d  la rg e  volum es, w hen  th e  m ed ium  exchange w as c a r ­
r ie d  o u t  a f te r  v irus in fe c tio n , is n o t clear. I t  sh o u ld  be n o ted  th a t  th e  t im e  re ­
q u ire d  fo r m edium  ex ch an g e  in  large vo lum e e x p e rim e n ts  was longer th a n  w ith  
sm a ll  v o lu m es, and  th e  in d u c tio n  process b e in g  in  i ts  ea rly  phase w as p ro b a b ly  
d is tu rb e d  du ring  th e  m e d iu m  exchange p erio d .

W e h av e  ro u tin e ly  u se d  m edium  ex ch an g e  befo re  v irus in fec tio n  fo r th e  
p ro d u c tio n  of sem i-crude I F N  in large q u a n tit ie s . Since th e  IF N  p ro d u c e d  b y  
c ru d e  S endai v iru s c o n ta in s  im p urities o r ig in a tin g  from  allan to ic  f lu id , we 
h a v e  u sed  p a r tia lly  p u r if ie d  v iru s  for in d u c tio n .

In  th e  o th e r p a r t  o f  th is  w ork we h a v e  co m p ared  d ifferen t m ed ia  in 
r e s p e c t  to  th e ir  v e rs a ti l i ty  fo r IFNac p ro d u c tio n . T h e  sim ple and a u to c la v a b le  
b a la n c e d  salt so lu tion  w as eq u iv a len t to  th e  ex p en siv e  E ag le’s m ed iu m  for 
I F N  p ro d u c tio n  (Table I) . C alcium  was e ssen tia l fo r o p tim a l in te rfe ro n  y ie ld s; 
o n  th e  o th e r  h an d , an  a d e q u a te  buffer sy s te m  w as m ore im p o r ta n t th a n  th e  
p re se n c e  o f am ino acids a n d  v itam in s  (T able I) . O ver a one y ear p e rio d  in  our 
la b o r a to r y  only  th e  b a la n c e d  sa lt so lu tion  w as u sed  for p ro d u c tio n  o f c ru d e  
le u k o c y te  in te rfe ro n  in  la rg e  vo lum es and  th e  av e rag e  t i t re  was 63 200 IU /m l.

Acknowledgement. W e  th a n k  D r. G. Gál (B lood T ran sfu s io n  Centre of Szeged) a n d  D r. F. 
H asko (N a tio n a l H aem ato lo g ica l a n d  Blood T ran sfu s io n  Service, B udapest) fo r p ro v id in g  
b u f fy  c o a ts  fo r th is s tu d y . T he a u th o rs  th an k  professor Charles H annan, In s t i tu te  o f M icro­
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LINKING COMPONENTS BETWEEN CAPSOMERS 
IN THE ADENOVIRUS CAPSID

É v a  Á d á m  an d  I. N á s z

Institu te  o f  M icrobiology , Sem m elw eis U niversity M edical School, B udapest 

(R ece ived  F e b ru a ry  16, 1983)

T he in te rh ex o n a l space w ith in  th e  ad en o v iru s capsid  is b rid g ed  b y  in te rh ex o n a l connec­
tiv e  e lem ents. These link ing  co m p o n en ts  hav e  been  d e tec ted  also b e tw een  p en to n s  a n d  th e  five  
p e rip e n to n a l hexons su rro u n d in g  th em . A ccording to  th e  re su lts  o b ta in ed  b y  M ark h am ’s ro ta ­
tio n a l in te g ra tio n  tech n iq u e  th e  co n n ec tiv e  e lem ents betw een  th e  capsom ers are  in te rlac in g  th e  
w hole v irion . I t  could be co n firm ed  in  several cases th a t  th e  lin k in g  e lem ents consisted  of 
tw o  ap p ro x im ate ly  paralle l e lem en ts. T h is m eans th a t  each  h ex o n  is linked  b y  six  tim es tw o 
p ara lle l link ing  com ponents w ith  i ts  six  n ea re s t neighbours in  th e  v iru s  capsid.

T he adenov irus v irio n  is a reg u la r  icosahed ron  m easu rin g  70 -90  n m  in 
d ia m e te r  [1, 2]. The capsid  is b u il t  u p  o f 252 capsom ers o f w hich  12 a re  s itu a te d  
on th e  v ertices of th e  ico sah ed ro n  fo rm ing  w ith  th e ir  p ro jec tio n s  th e  p en to n s . 
T h e  o th e r 240 capsom ers are  h e x o n s , w hich c o n s titu te  th e  tr ia n g u la r  faces an d  
edges o f th e  v iru s  capsid . H ex o n  capsom ers show  a h ex ag o n a l a r ra y  in  th e  
v iru s  capsid  and  h av e  six  n e ig h b o u rs  w hereas th e  p e n to n s  are  su rro u n d ed  b y  
f iv e  ne ighbouring  hexon  capsom ers.

In  earlier e x a m in a tio n  o f th e  c ry s ta lliz a tio n  o f h ig h ly  p u rif ie d  soluble 
h ex o n s, tig h tly  p ack ed  tw o -d im en sio n a l c ry s ta llin e  a rra y s  w ere d e te c te d  b e ­
sides th e  th ree -d im en sio n a l te tr a h e d ra l  hexon  c ry s ta ls  [3]. In  th e se  tw o- 
d im ensional c ry sta llin e  a rra y s  th e  hexons show  a h ex ag o n a l pack in g , s im ila rly  
to  th e  s tru c tu re  o f th e  v iru s  cap sid  [4]. H ig h -reso lu tio n  e lec tro n  m icro g rap h s 
rev ea led  th a t  th e  space b e tw een  th e  n e ig h b o u rin g  hex o n s was b rid g ed  b y  fine 
co n n ec tiv e  elem ents in  th e  tw o -d im en sio n a l hexon  c ry s ta llin e  a rra y s  [5, 6].

T he follow ing re p o rt gives in fo rm a tio n  on th e  in te rh e x o n a l lin k in g  com ­
p o n e n ts  in  th e  ad en o v iru s  cap sid  as w ell as on th e  ex istence  o f conn ec tiv e  
e lem en ts  be tw een  th e  p e r ip e n to n a l hexons an d  p en to n s .

M aterials and m ethods

Preparation o f  virions. A den o v iru s ty p e  1 p ro p ag a ted  on p e rm a n e n t H E p -2  cell cu ltu re  
w as used  for th e  s tu d y  of v irions. In fec ted  cells w ere su b jec ted  to  re p ea te d  freezing a n d  th a w ­
in g  as well as to u ltra so n ic  d is in te g ra tio n  an d  th e  cell debris w as e lim in a ted  by  c en trifu g a tio n .

É va  Á d ám , I stv á n  N ász
In s titu te  of Microbiology, Semmelweis U niversity  M edical School 
N agyvárad  té r 4, H-1089 Budapest, H ungary

Acta Microbiologica Hungarica 31, 1984



70 ÁDÁM and NÁSZ

F ro m  th e  su p e rn a ta n t th e  v ir io n s  w ere purified  b y  u ltra ce n tr ifu g a tio n  o f double  CsCl cushion 
a n d  b y  rep ea ted  u ltra c e n tr ifu g a tio n  on CsCl d en sity  g ra d ie n t. A denoviruses iso lated  on p rim ary  
r a b b i t  k id n ey  cell cu ltu re  fro m  th e  in te s tin a l t r a c t  an d  d iffe ren t o rgans o f  6- 8-w eek old ra b b its  
su ffe r in g  from  n o n b acteria l d ia rrh o e a  w ere also s tu d ied  [7].

Electron microscopy. F o r  e le c tro n  m icroscopic e x am in a tio n s  th e  v irions w ere adso rbed  to 
ca rb o n -fo rm v ar-co a ted  g rid  a n d  n eg ativ e ly  s ta in ed  w ith  1%  u ra n y l a c e ta te  o f 2%  phosplio- 
tu n g s t ic  acid. The p re p a ra tio n s  w ere exam ined  in  a JE M  100B electron  m icroscope a t  60 kV 
w ith  a b asic  m agnifica tion  o f 25 000 — 50 000. T he n eg ativ es w ere en larged  to  a m agn ifica tion  
o f  a p p ro x im a te ly  300 000 fo r s tu d y . T he d is tu rb in g  b ack g ro u n d  g ra n u la tio n  was e lim in a ted  by  
th e  tec h n iq u e  of Y abe e t  al. [8 ] ;  p rin tin g  was done a t  a  slig h tly  u nderfocussed  position . F o r 
se r ia l  exam inations se lec ted  v ir io n s  w ith  capsids co n ta in in g  well v isib le con n ec tiv e  elem ents 
b e tw e e n  certa in  capsom ers w ere  re p h o to g rap h ed  an d  th e  n eg ativ es were used  in  th e  n e x t ex­
a m in a tio n . For ex am in atio n  o f th e  ra d ia l sy m m etry  of th e  connective  e lem en ts an d  for enhanc­
in g  im ag es th e  ro ta tio n a l in te g ra t io n  techn ique  of M ark h am  e t al. [9] was used.

Results

A nalysis of h ig h -re so lu tio n  m icrographs rev ea led  th a t  th e  d istances 
s e p a ra t in g  the  hexons in  th e  adenov irus cap sid  w ere b rid g ed  b y  fine  link ing  
e le m e n ts  (Fig. l /а). O w ing  to  these  co nnective  s tru c tu re s  fo rm in g  bridges a t  
so m e  sites betw een cap so m ers , th e  slits m ay  a p p e a r as holes in  th e  capsid . 
O n  th e  m icrograph  o f a se lec ted  hexon p rocessed  b y  M ark h am ’s ro ta tio n a l 
te c h n iq u e  w ith  a ro ta t io n a l  angle o f 60°, th e  co n n ec tiv e  e lem en ts w ere reg u la rly  
v is ib le  in  th e  v iru s  c a p s id . T he connections b e tw een  th e  g iven  hexon  an d  its  
s ix  ne ig h b o u rs  as w ell as b e tw een  th e  hexons su rro u n d in g  th e  c e n tra l hexon 
w ere  c learly  seen (F ig . 1 /b). I f  a hexon s itu a te d  a t  th e  edge o f th e  capsid  an d  
su rro u n d e d  by  a la rg e  sy m m e tr ic  area was su b je c te d  to  60° ro ta t io n , a reg u la r 
n e tw o rk  of connective e lem en ts  becam e v isib le  accord ing  to  th e  hexagonal 
p a c k in g  of th e  hexon cap so m ers . This n e tw o rk  is d is tin c t b e tw een  th e  m em bers

F ig . 1. (a ) E lectron  m ic ro g rap h  o f adenovirus ty p e  1. T he v irion  is v iew ed  fro m  th e  2-fold 
s y m m e try  axis (edge). P e n to n s  on  th e  vertices o f a tr ia n g u la r  face are m ark ed  w ith  X . H exago­
n a l a r ra y  of the  hexon cap so m ers an d  connective  e lem en ts link ing  th e  n e ig h b o u rin g  hexons are 
v is ib le  a t  some sites in th e  c ap s id . H exon  serving as c en tre  o f M ark h am ’s ro ta tio n a l in te g ra ­
t io n  is show n by arrow ; (b ) Im a g e  processed by  ro ta tio n a l in te g ra tio n  of th e  h ex o n  m arked  on 
th e  e lec tro n  m icrograph o f th e  v irio n . Angle of ro ta tio n , 60°. T he cen tra l h ex o n  is connected  
w ith  i ts  six  neighbours b y  c le a rly  v isib le  connective  e lem en ts. T he orig inal profile  o f th e  cen tra l 

h ex o n  and o th er p a r ts  o f  th e  v irion  are b lu rred  ow ing to  th e  d is tu rb ed  sy m m etry
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o f th e  f ir s t  an d  second hexon  row s su rro u n d in g  ring-like th e  c e n tra l  h ex o n  
(F ig . 2 /a , b ). T he d istance  i.e. th e  len g th  o f th e  connective  e lem ents b e tw een  
th e  cap so m ers , is ab o u t one th ird  o f th e  d ia m e te r  o f th e  hexon. C onsidering  
th e  fa c t t h a t  th e  hexon s tu d ie d  (F ig . 2/a, b) is s i tu a te d  on one o f th e  edges, 
th e  m ic ro g rap h  proves th e  presence  o f  th e  lin k in g  com ponen ts b e tw een  hex o n s 
on th e  edges an d  n ea r th e  edges. I f  a t r ia n g u la r  face o f th e  v irion  is su b je c te d  
to  120° ro ta t io n  (th ree-fo ld  sy m m e try  axes) th e  m icrog raph  show s c le a r ly  th e  
re g u la r  n e tw o rk  o f connective  e lem en ts  am ong  th e  six  hexons s i tu a te d  a t  th e  
face o f th e  v iru s  capsid  (F ig . 3).

O n th e  ro ta tio n a l in te g ra tio n  p ic tu re  o f th e  p e n to n  w hich has f iv e  n e ig h ­
b o u rs  acco rd in g  to  th e  five-fo ld  sy m m e try , p rocessed  b y  an  ang le  o f  72° 
(F ig . 4 /a , b ), th e  connective  e lem en ts b e tw een  th e  p en to n  an d  p e r ip e n to n a l

F ig. 2. (a) H ex o n  capsom er a t  edge serv ing  as cen tre  o f M ark h am ’s ro ta tio n a l in te g ra t io n  is 
show n b y  a rro w  on th e  e lectron  m ic ro g rap h  of an ad en o v iru s iso la ted  from  th e  r a b b i t ;  (b ) P ic ­
tu re  v iew ed  b y  M arkham ’s ro ta tio n a l in te g ra tio n  of th e  h exon  m ark ed  on th e  e lec tro n  m icro ­
g rap h  o f th e  v irion . Angle of ro ta tio n , 60°. R egu lar n e tw o rk  of link ing  s tru c tu re  is seen  in  th e  
hex ag o n a l a r ra y  of hexon capsom ers. T h e  ne tw ork  is well v isib le  betw een th e  m em b ers o f th e  
tw o h exon  row s su rro u n d in g  ring-like  th e  cen tra l hexon. F u r th e r  p a r ts  of the  v irion  a re  b lu rred

owing to d is tu rb ed  sy m m etry

Fig. 3. (a) O n th e  e lectron  m icrograph  of ad en o v iru s ty p e  1 th e  cen tre  of a tr ia n g u la r  face of 
th e  v irio n , i.e. th e  cen tre  of th e  space am ong  th ree  h ex o n s in th e  m iddle o f th e  face, se rves as 
cen tre  o f M a rk h am ’s ro ta tio n a l in te g ra tio n ; (b) R o ta tio n a l in te g ra tio n  p ictu re  o f th e  g iven  area  
o f th e  v irio n . A ngle o f ro ta tio n , 120 °C. R egu lar ne tw ork  of connective  e lem ents b e tw een  hexons 

of a tr ia n g u la r  face is well discernible]
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F ig . 4. (a ) P en to n  serv ing  as c en tre  of M arkham ’s ro ta t io n a l  in teg ra tio n  is show n b y  a rro w  on 
th e  e le c tro n  m icrograph  of an  ad en o v iru s iso lated  fro m  th e  ra b b it ;  (b) R o ta tio n a l in te g ra tio n  
p ic tu re  o f th e  p en ton  a n d  p e rip e n to n a l hexons. A ngle o f  ro ta tio n , 72°. T he fiv e  p e rip e n to n a l 
h e x o n s  su rro u n d in g  th e  p e n to n  an d  th e  linking c o m p o n e n ts  connecting  th e m  to  th e  p e n to n  

are well v isib le . O th er p a rts  o f th e  v ir io n  are b lurred

F ig . 5. (a ) H exon serv ing  as c en tre  o f M arkham ’s ro ta t io n a l  in te g ra tio n  is show n b y  a rro w  on 
th e  e le c tro n  m icrograph  o f a r a b b it  adenovirus; (b) R o ta t io n a l  in te g ra tio n  p ic tu re  o f th e  hexon  
m a rk e d  on th e  e lectron  m ic ro g rap h  of th e  virion. A ngle o f ro ta tio n , 60°. T he c en tra l h exon  is 
lin k e d  to  th e  six ne ig h b o u rin g  hexons by  six pa irs  o f a p p ro x im a te ly  paralle l connective  ele­
m e n ts ;  (c) R o ta tio n a l in te g ra t io n  p ic tu re  of the  h ex o n  m a rk e d  on th e  virion. A ngle o f ro ta tio n , 
120°. T w elve  connective  e le m en ts  are discernible b e tw ee n  th e  c en tra l hexon a n d  i ts  six  n e ig h ­
b o u r in g  hexons. The p ro file  o f th e  cen tra l hexon an d  o f th e  neighbouring  hexons a n d  o th e r 

p a rts  o f th e  v irio n  are b lurred  ow ing to  d is tu rb ed  sy m m etry

h e x o n s  a re  d e tec tab le  a n d  th e  five-fo ld  s y m m e try  of th e  v e r te x  cap so m er is 
w ell d iscern ib le .

D irec t analysis o f  th e  elec tron  m ic ro g rap h s revealed  v irions w hich  in d i­
c a te d  th a t  hexons are  lin k e d  to  th e ir  n e ig h b o u rs  b y  n o t one h u t tw o conn ec tiv e  
e le m e n ts . This has been  co n firm ed  by  th e  m ic ro g rap h s  p rep ared  a t  a 60° ang le  of 
r o ta t io n  of th e  h ex o n  m a rk e d  on th e  v irion  o f  F ig . 5/a. This show ed  th a t  th e  
c e n tr a l  hexon is co n n ec ted  to  its  six n ea re s t n e ig h b o u rin g  hexons b y  s ix  p a irs  
o f  a p p ro x im a te ly  p a ra lle l connections i.e. b y  12 e lem ents (F ig . 5 /b). As th e re  
a re  12 period ica lly  re p e a tin g  elem ents, th e  s tu d y  o f th e  sam e hexon  a t  a r o ta ­
t io n a l angle of 30° d isp lay ed  even m ore c lea rly  th e  ex istence of 12 lin k in g  com ­
p o n e n ts  betw een  th e  g iven  hexon  and  its  six  n e a re s t  neighbours (F ig . 5/c).
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Discussion

A denovirus hexons h av e  hex ag o n al b a sa l an d  m iddle p a r t  w h ereas  
th e ir  end  facing  th e  surface o f th e  v irio n  capsid  is a p p ro x im a te ly  t r ia n g u la r  in  
shape  [5, 10-12]. T he hex ag o n al low er p a r ts  en su re  a c o n stru c tio n  acco rd in g  
to  a closed hexagonal p ack in g  for th e  capsom ers in  th e  v iru s  cap sid . T h e  p a r t  
o f th e  hexon facing th e  v irio n  su rface  is n a rro w e r th a n  th e  o th e rs , th e  cap so ­
m ers a p p ea r to  he se p a ra te d  b y  a d is tan ce . S lits h av e  been d e m o n s tra te d  b e ­
tw een  th e  capsom ers o f o th e r  v iru ses , too  [13]. In  th e  case of a d e n o v iru se s  i t  
ap p ea rs  th a t  owing to  th e  close p ack in g  of th e  low er hexagonal p a r ts  th e se  slits  
are  v e ry  n a rro w  an d  on ly  s lig h tly  p e n e trab le  to w ard s  th e  in n e r p a r t  o f  th e  
v irio n  [14]. As th e  hexons becom e n arro w er to w ard s  th e  v irion  su rface  th e  
slits  becom e w ider. Ow ing to  th e  co nnec tive  e lem en ts b ridg ing  th e  s lits , th e y  
a p p e a r  as holes in th e  v iru s  cap sid  (F igs l /а , 2 /a, 4/a).

T hese co nnective  e lem en ts fo rm  a n e tw o rk  b e tw een  th e  h ex o n s a ll over 
th e  v irio n  an d  are d e te c ta b le  also be tw een  th e  p en to n  an d  its  su rro u n d in g  
hexons. W ith  M ark h am ’s ro ta tio n a l in te g ra tio n  tech n iq u e  th e  lin k in g  s t ru c ­
tu re s  w ere found  to  be doub le  fib res  sim ilar to  th e  in te rh ex o n a l e le m e n ts  seen 
in  tw o -d im en sio n a l c ry s ta llin e  a rra y s  [6]. I f  th e  connective e lem en ts  show  
th e  fo rm  o f one th ic k  fib re  th e  ph en o m en o n  m ay  be due e ith e r  to  th e  ad h esio n  
o f tw o  th in  fib res a long  th e  lo n g itu d in a l ax is or to  th e  uneven  d is tr ib u tio n  of 
th e  n eg a tiv e  s ta in . T h u s, th e  hexon  capsom ers in  th e  v iru s cap sid  a re  m o st 
lik e ly  also linked  b y  six  p a irs  o f a p p ro x im a te ly  para lle l co nnec tive  e lem en ts  
to  th e ir  six  n ea re s t n e ighbours s im ila rly  as in  th e  s tru c tu re  of th e  tw o -d im e n ­
sional c ry s ta llin e  a rra y . In  ex p e rim en ts  w ith  12 exposures a t  a 30° ro ta t io n a l  
angle th e  im age im proves ow ing to  th e  perio d ica lly  rep e a te d  e lem en ts  a n d  th is  
fa c t confirm s n o t on ly  th e  ex istence  of th e  12 co nnective  e lem en ts  b u t  also 
th e  a p p ro x im a te ly  sy m m etric  lo ca tio n  of th e  12 connective  e lem en ts  b e tw een  
a g iven hexon  an d  its  six  n e ig hbours.
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COMPARISON OF PASSIVE HAEMOGGLUTINATION 
AND RADIAL IMMUNODIFFUSION FOR C-REACTIVE 

PROTEIN MEASUREMENT

A g n e s  T a p o l c a i , I. B e t l é r i , A. F a l u s  and K a t a l i n  M e r é t e y

H u m a n  Institu te  fo r  Serobacteriological Production and  Research, B udapest, and  
N ational Institu te  o f  Rheumatology and P hysio therapy, Budapest

(R eceived  F e b ru a ry  8, 1983)

Passive h a em ag g lu tin a tio n  tech n iq u e  fo r C -reactive  p ro te in  m easu rem en t u sing  a com ­
m ercia lly  availab le  C -polysaccharide  an d  single rad ia l im m u n o d iffu sio n  show ed a close co rre la ­
tion . T he h a em ag g lu tin a tio n  m eth o d  is v e ry  co n v en ien t to  b o th  ro u tin e  clinical lab o ra to rie s  
an d  ex p erim en ta l research .

C -reactive p ro te in  (C R P) w as th e  f irs t a c u te  p h ase  re a c ta n t d iscovered  
in  h u m a n  serum , in creasin g  ra p id ly  in  a m o u n t d u rin g  b ac te ria l in fec tio n , in  
in flam m atio n  an d  tissu e  in ju ry . C R P  d e te rm in a tio n s  a re  o f significance m a in ly  
to  e s tim a te  th e  a c t iv i ty  o f rh e u m a tic  d isease, fo r th e  ev a lu a tio n  o f th e ra p y , 
an d  th e  d iagnosis o f m y o card ia l in fa rc tio n  [1 -4 ].

D e te rm in a tio n  o f C R P  is based  on its  specific  re a c tio n  w ith  a n tise ru m  or 
on th e  specific C a + + -d ep en d en t b in d ing  w ith  C -po lysaccharide. T he w ide ly  
used  m eth o d s are  p re c ip ita tio n , rad ia l im m u n o d iffu sio n  an d  la te x  a g g lu tin a ­
tio n . A passive  h a e m a g g lu tin a tio n  tech n iq u e  usin g  pneum ococcal C -polysac- 
ch a rid e -co a ted  sheep  red  b lood  cells w as also d ev e lo p ed  [5]. Since each  o f  th e se  
assays h av e  a d v a n ta g e s , we h av e  com pared  th e se  m e th o d s  of m easu rem en t.

M aterials and methods. F if ty  four serum  sam p les  from  23 h e te ro g en eo u s 
surg ical cases w ere te s te d  before  o p era tio n  an d  on th e  f irs t and  f if th  d a y  a f te r  
su rgery .

Single ra d ia l im m unod iffu sion  (R ID ) w as p erfo rm ed  in 1%  a g a r gel 
co n ta in in g  0 .5%  a n ti-h u m a n  C R P  ra b b it  serum  (B ehringw erke). T he sam p le  
vo lum e was 8 [Л, an d  0.05 м sodium  b a rb ita l /b a rb itu r ic  acid bu ffer p H  8.6 
w as used. A fte r lo ad in g , th e  p la te s  were le ft a t  ro o m  te m p e ra tu re  fo r 48 h , 
w ashed  w ith  saline, d ried  an d  s ta in ed  w ith  C oom assie B rillian t B lue. T he 
s ta n d a rd  h u m an  serum  w as k in d ly  p rov ided  b y  D r. M. B. Pepys (R o y a l P o s t ­
g ra d u a te  M edical School, L ondon). C R P  c o n te n t o f  th e  s ta n d a rd  serum  w as 
104 (ttg/ml. F o r e v a lu a tio n  lin e a r  s ta n d a rd  cu rv es w ere m ade from  each  p la te
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p lo t t in g  th e  squares o f th e  d iam ete rs  o f th e  p re c ip ita te  rings as a fu n c tio n  of 
th e  c o n c e n tra tio n . E ach  serum  w as filled  in  th re e  wells an d  th e  av e rag e  o f th e  
p re c ip i ta te  rings being  in th e  ran g e  o f th e  s ta n d a rd  curve w as con sid ered .

P a ss iv e  h a em ag g lu tin a tio n  (H A ) w as ca rr ied  ou t w ith  sen s itiz ed  sheep 
re d  b lo o d  cells (SR B C ). F reeze-d ried  C -po lysaccharide  ( In s t i tu te  H u m a n  for 
S e ro b ac te rio lo g ica l P ro d u c tio n  an d  R esea rch , H ungary ) w as d isso lved  in

Table I

C R P  Concentrations determ ined by radial im m u n o d iffu s io n  ( R I D )  and passive  
haem agglutination ( H A )

CRP concentration

before surgery
after surgery

P a tien ts
f ir s t day fif th  day

RID
fzg/ml

HA
titre

R ID
f ig /m l

HA
titre

R ID
MS M

HA
titre

l 2 96 120 768 108 512
2 2 24 ND ND 61 256
3 4 48 49 768 10 128
4 5 64 45 512 12 128
5 3 48 43 512 12 96
6 2 64 27 192 32 256
7 ND ND ND ND 25 128
8 21 128 68 51 . 18 128
9 ND ND 106 1024 80 512

10 5 64 21 256 50 512
11 ND ND 10 64 6 64
12 ND N D 54 384 ND ND
13 12 128 57 512 64 384
14 ND ND 43 384 30 128
15 2 48 78 512 94 512
16 2 16 52 512 40 384
17 5 16 62 1024 42 512
18 6 64 66 512 25 384
19 3 64 82 1024 33 256
20 35 256 ND ND 98 768
21 ND ND 14 128 ND ND
22 ND ND 17 192 ND ND

23* - — 112 1024 — —

N D : not done 
* Reference serum
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CRP by RID у у д /ml

F ig . 1. R esu lts  o f h aem ag g lu tin a tio n  (H A ) an d  rad ia l im m unod iffusion  (R ID )  te s ts , sj, =  s ta n ­
dard  d ev ia tio n  of th e  slope; r  =  co rre la tio n  coefficient

sa line  (10 mg in 2 ml) an d  100 ц\ w ashed  p ack ed  sheep  red  b lood  cells (SRBC) 
w ere ad d ed . The suspension  w as in c u b a te d  a t 37 °C for 2 h. A fte r th re e  w ashings 
a 1%  SB R C  suspension in sa line  w as p rep ared .

T he sera to  be te s te d  w ere h e a t- in a c tiv a te d  a t  56 °C fo r 30 m in , an d  
d ilu te d  seria lly  in U b o tto m  m ic ro titre  p la te s  in  tw o row s, b eg in n in g  w ith  
1 ; 2 a n d  1 : 3 d ilu tions. All d ilu tio n s  were m ade in saline in  50 [Л vo lum e. 
F if ty  /А C -po lysaccharide-coated  1%  SR B C  w as ad d ed  to  each  well. T he 
p la te s  w ere in cu b a ted  a t  37 °C fo r one hour. Sera a g g lu tin a tin g  ab o v e  100-fold 
d ilu tio n  ( titre s  of or above 1 : 128) w ere considered  pa th o lo g ica l. A nalysis of 
reg ression  w as used for s ta t is t ic a l  ev a lu a tio n .

R esults and discussion. T he  13 sera  c o n ta in in g  less th e n  10 fig/m l C R P , 
th e  u p p e r  lim it of th e  n o rm a l ran g e  [6] accord ing  to  th e  R ID , a g g lu tin a te d  in  
less th a n  96-fold d ilu tio n , 100-fold being  th e  h ig h es t d ilu tio n  a t  w hich  n o rm al 
sera  w ere ag g lu tin a ted  [5]. Tw o se ra  w ith  10 ^g /m l C R P  gave t i t r e s  o f 1 : 64 
a n d  1 : 128, while one se ru m  w ith  12 /tg /m l C R P  did n o t reach  th e  t i t r e  o f 
1 : 128. All th e  rem ain in g  sam p les  show ed e lev a ted  C R P  levels as d e te rm in ed  
b y  b o th  m ethods. T here  w as a lin ea r  co rre la tio n  betw een  th e  va lu es  (reg res­
sion  coeffic ien t, r  =  0.8712, p <[ 0.01) (F ig. 1). T he C R P  t i t r e  in  th e  s ta n d a rd  
h u m a n  seru m  was b e tw een  1 : 512 an d  1 : 768 (104 /rg/m l). T he re p ro d u c ib ility  
o f  th e  m easu rem en t w as w ith in  one d ilu tio n  s tep .

T h e  C R P  level o f 54 sam ples m easu red  b y  b o th  tech n iq u es  is show n in 
T ab le  I . W ith  b o th  m eth o d s , th e  low  blood C R P  level before  su rg e ry , th e  h igh
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c o n c e n tra tio n  on th e  f i r s t  d a y  an d  th e  decrease b y  th e  f if th  d ay  a f te r  su rgery  
a re  c le a r ly  show n.

R esu lts  o b ta in ed  b y  H A  co rre la ted  well w ith  th e  R ID  v a lu es , th e re fo re  
H A  c a n  be used as an  a l te rn a tiv e  m e th o d  o f se ru m  C R P  assay . F o r  m ore 
e x a c t  m easu rem en ts , ra d io e lec tro -im m u n o assay  [7], f lu o rescen t im m u n o assay  
[7, 8 ], n ephe lom etric  a ssay  [9], enzym e im m u n o assay  [10] an d  rad io -im m u n o as­
sa y  [11] h av e  been in tro d u c e d .

In  clinical p rac tice , h o w ev er, th e  e x a c t know ledge  of low  levels has no 
s ig n if ican ce . Besides, th e  H A  te s t  is a sim ple p ro ced u re  w hich  gives re su lts  in  
4—5 h  in  c o n tra s t to  th e  d a y s  req u ired  b y  R ID . H A  can  he used  fo r C R P 
d e te rm in a tio n  from  a n im a l sera  as well, w ith o u t a n y  species specific  an ti- 
C R P  seru m .
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DECREASED PERMEABILITY OF GLYCEROL 
IN AN ERGOSTEROL-LESS MUTANT OF 

C A N D I D A  A L B I C A N S

M. I’ ksti and R . N ova k

Departm ent o f  M icrobiology , and Department o f  Com parative Physiology, J ó zse f A ttila U niversity ,
Szeged

(R eceived S e p tem b e r  10, 1982)

In  a co m p ara tiv e  s tu d y , an  ergostero l-less n y s ta tin - re s is ta n t m u ta n t  o f Candida albicans 
and  its  e rgostcro l-p roducing  n y s ta tin -se n s itiv e  p a re n ta l  s tra in  w ere in v es tig a ted . T he ste ro l 
m u ta n t  show ed a m ore sig n ifican tly  decreased  g ro w th  yield , re sp ira tio n  and  g ly ce ro l-u p tak e  
a c tiv ity  th a n  th e  p a re n ta l  s tra in  as th e  co n sequence  of its  a lte re d  p lasm a  m em b ran e  lip id  
com position .

As th e  en d -p ro d u c t o f s te ro l b io sy n th es is  in y e a s ts , e rgoste ro l p lays an  
im p o r ta n t  role in th e  m a in ten an ce  o f  th e  s tru c tu re  an d  fu n c tio n  of th e  p la sm a  
m em b ran e  [1]. S tero l m u ta n ts  of C andida albicans, m ost o f  th em  ergostero l- 
less [2], have been iso la ted  an d  show ed th e  follow ing m ain  c h a ra c te ris tic s  in 
com p ariso n  to  th e ir  p a re n ta l , e rg o ste ro l-p ro d u c in g  s tra in s , (i) T hey  e x h ib ite d  
a lte re d  phospho lip id  com positions [3]. (ii) T he absence o f  ergostero l d id  n o t 
re su lt in a lte ra tio n  o f th e  u l tra s t ru c tu re  o f  th e  p lasm a m em b ran e  as rev ea led  
b y  freeze-e tch  e lec tron  m icroscopy [4]. (iii) T he specific a c t iv i ty  o f m em b ran e- 
h o u n d  ch itin  sy n th e ta se  (КС 2.4 .1 .16) o f tw o ergostero l-less m u ta n ts  w as 
s ig n if ic a n tly  increased  (5]. (iv) T h ey  h a d  increased  p la sm a  m em brane  o rd e r  
p a ra m e te rs  an d  h igher ph ase  tra n s it io n  te m p e ra tu re s  as m easu red  by  in te r c a ­
la te d  f a t ty  acid  spin p robe  w ith  5 -d o x y ls tea ric  acid  [6]. (v) One of th em  show ed  
a tw o -tim es  h ig h er sp o n tan eo u s  ion leak ag e  in d istilled  w a te r , as m easu re  by  
c o n d u c to m e trica lly  |2 ],

T in  ?se d a ta  d e m o n s tra tin g  basic  a lte ra tio n s  in th e  p lasm a m em b ran e  
fu n c tio n s  o f th e  stero l m u ta n ts , h av e  p ro m p te d  us to  s tu d y  th e ir  so lu te  u p ta k e  
processes. G lycerol, w hich p e n e tra te s  in to  y eas t cells b y  sim ple p h y sica l d if­
fusion [7], was th e  f irs t  ca rb o n  source ex am in ed .

M ik l ó s  P e s t i
R esearch In s titu te , Seed Production and Trading Company 
11-6001 Szentes, I*.О.В. 41, Hungary

R . N ovAk
D epartm en t of Com parative Physiology, József A ttila 
U niversity
K özépfasor 52, H-6726 Szeged, Hungary
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M aterial an il m ethods

Strains and culture  conditions. A d e ta iled  d esc rip tio n  and  th e  ch ara c te ris tic s  o f ste ro l 
m u ta n ts  o f C. albicans follow ing n itro so g u an id in e  t re a tm e n t  were p u b lish ed  earlier [2]. In  
th e s e  experim en ts a n  ergostero l-p ro d u cin g  ad en in e-req u irin g  s tra in , d e s ig n a ted  33 e rg + (ATCC 
44 829), and  its ergostero l-less progeny , d esig n ated  erg-2 (ATCC 44 830), were used. G ro w th  
a n d  h a rv estin g  c o n d itio n s to  o b ta in  a m ass o f lo g -p h ase  cells have  b een  rep o rted  p rev io u sly  
[5]. A ssim ilation  of gy lcero l on  m inim al m edium  (MM) is described e lsew here [2]. T he g ro w th  
o f cu ltu re s  shaken  a t  200 rp m  in  liqu id  MM m ed ia  co n ta in in g  va rio u s g lycero l c o n cen tra tio n s  
w as follow ed p h o to m e tric a lly  a t  660 nm .

M easurem ent o f  resp ira tion . T he o x y g e n -u p ta k e  of g lycerol-grow n y e as ts  follow ing one- 
h o u r  s ta rv a tio n  in  S o ren sen  p h o sp h a te  buffer p H  6.8 w as m easured  in  W a rb u rg  vessels c o n ta in ­
in g  glucose-free liq u id  MM su p p lem en ted  w ith  g lycero l o f d ifferen t c o n ce n tra tio n s  [7].

Uptake o f  glycerol. G ly cero l-up take  a c t iv ity  w as d e te rm in ed  b y  a d d in g  0.925 K B q  of 
(2—3H ) glycerol (7.4 M B q /p m o l) (25 p i) to 1 m l o f  s ta rv e d  cu ltu res  as d escribed  b y  G ancedo e t al. 
[7], u sin g  P ack ard —1T ric a rb  2650 liqu id  sc ien tilla to r. G lycerol was p u rc h ase d  from  B D H  Co. 
L td . ,  Poole, E n g lan d , ra d io a c tiv e  (2-3H ) g lycerol fro m  R ad iochem ica ls, A m ersham , E n g lan d .

R esults anil d iscussion

G lycerol can  be u tiliz ed  as a source o f  carbon  an d  en erg y  in y eas ts  17 ) 
I n  p re lim in a ry  e x p e rim e n ts  i t  was fo u n d  th a t  th e  e rg o ste ro l-p ro d u c in g  33 erg  + 
s t r a in  o f C. albicans cou ld  grow  on th e  su rface  o f a m ed ium  co n ta in in g  1.1 m M  

o f  g lycero l, while its  e rgostero l-less erg-2 a n d  o th e r m u ta n ts  did n o t m u ltip ly  
a t  a ll on th is  m ed iu m  [2]. F igu re  1 show s th e  g ro w th  curves o f th ese  tw o s tra in s  
in  th e  presence o f d iffe re n t co n cen tra tio n s  o f g lycerol: th e se  su p p o rt th e  fo r­
m e r observ a tio n  t h a t  a co n cen tra tio n  o f  g lycero l ab o u t te n  tim es h igher is 
re q u ire d  to  o b ta in  th e  sam e yield for th e  erg-2 m u ta n t  as fo r th e  33 e r g + s tra in . 
N o sign ifican t d iffe rence  w as, how ever, fo u n d  betw een  th e  tw o  s tra in s  in  th e  
a ss im ila tio n  an d  g ro w th  y ie ld  of glucose a t  d iffe ren t c o n c e n tra tio n s  (0.56 h i m — 

56 ш м ).

Fig. 1. E ffec t of d iffe ren t c o n ce n tra tio n s  o f g lycerol on  grow th  o f C. albicans e rgostero l-p ro d u c­
in g  33 e rg + s tra in  ( •  • )  and its  ergostero l-less erg-2 m u ta n t  ( О  o )

Acla Microbiologica Hungarica 31, 1984



EK G OSTEKO L-LESS CANDIDA 83

F ig . 2. R esp ira tio n  o f g lycerol by  C. albicans 33 e rg + s tra in  ( •  • )  and  its  erg-2 m u ta n t
( °  ° ) .  O xygen u p tak e  was m easu red  in W arb u rg  vessels a t  30 °C. T h e  in itia l c o n c e n tra ­

tio n s o f g lycerol a re  in d ica ted  in mM

Fig. 3. G lycerol u p ta k e  of C. albicans 33 e rg + s tra in  ( •  • )  an d  its  erg-2 m u ta n t  ( O  ----- O ) .
Sam ples w ere w ith d raw n  a t  th e  tim e  in d ica ted

Acta Microbiologica llungarica 31 , 1984
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In  co n tra s t to  th e  r e s u l t  of G ancedo e t  al. [7] concern ing  th e  re sp ira to ry  
a c t iv i ty  of Candida u tilis , th e  C. albicans 33 erg + s tra in  c a n n o t use g lycerol a t  
v e ry  low  co n cen tra tio n  (1 mM ) a t  th e  sam e in it ia l  ra te  as a t  h ig h er c o n c e n tra ­
t io n  (100 т м ,  Fig. 2). A t th e  sam e tim e, th e  erg-2 m u ta n t  req u ired  a h ig h er 
g ly ce ro l co n cen tra tio n  to  p ro d u c e  th e  sam e re sp ira to ry  a c t iv i ty  as th a t  o f th e  
33 e r g + s tra in . T hese re s u lts  suggested  th a t  th e  e n tra n c e  effic iency  o f glycerol 
in  th e  ergosterol-less erg-2  m u ta n t  a t low c o n c e n tra tio n  is so sm all th a t  it does 
n o t suffice for m u ltip lic a tio n  of th e  cells, an d  a t h ig h er co n c e n tra tio n  it is 
e n o u g h  only for a d e c re a sed  g row th  yield.

T he u p tak e  o f g ly ce ro l w as m easured  in  b o th  s tra in s , as show n in F ig  3. 
T h e  a m o u n t of g lycero l t a k e n  up h y  th e  33 e r g + s tra in  w as a b o u t five tim es 
t h a t  o f  th e  erg-2 m u ta n t ,  exp o u n d in g  th e  fo rm er re su lts . T hese o b se rv a tio n s  
a re  in  good ag reem en t w ith  th e  idea of G ancedo  e t al. [7] w ho exp la ined  th e  
d iffe ren ce  betw een  th e  g ly cero l up tak es of C. u tilis  an d  Saccharomyces cerevisiae 
h y  essen tia l d ifferences in  th e  p lasm a m e m b ra n e  b e tw een  th ese  tw o  y e a s t 
spec ies. Sim ilar fin d in g s  w ere  prev iously  re p o r te d  fo r th e  p e rm e a tio n  of glycerol 
a n d  o th e r  n o n -e lec tro ly tes  in to  liposom es p re p a re d  from  a v a r ie ty  o f sy n th e tic  
a n d  n a tu ra l p h o sp h o lip id s  [8] w hich show ed  a decreased  glycerol p e rm ea tio n  
w h e n  th e  m em brane  lip id s  w ere converted  to  th e  gel s ta te .

O ur resu lts  m ay  be  in te rp re te d  as follow s. In  th e  erg-2 m u ta n t ,  th e  a b ­
sen ce  o f  ergosterol a n d  th u s  th e  accu m u la tio n  o f zy m o ste ro l an d  fecostero l [3] 
a n d  sign ifican t a lte ra t io n s  in  th e  p hospoho lip id  c o n te n t [5] re su lted  in a d e ­
c re a se d  u p tak e  of g lycero l a t  each exam ined  c o n c e n tra tio n  a t  30 °C. An a b o u t 
te n  tim es h igher c o n c e n tra tio n  of glycerol in  th e  so lu te  w as req u ired  to  o b ta in  
th e  sam e g row th  ra te , a ss im ila tio n  and  re sp ira tio n  a c tiv ity  as for th e  p a re n ta l 
33 e r g + stra in . T he p h en o m e n o n  seems to  be a consequence  of th e  d ifferences 
in  p la sm a  m em b ran e  co m p o sitio n  and  r ig id ity  o f th e  tw o s tra in s .

Acknowledgement. W e th a n k  Miss Gizella A lto rd a i fo r tech n ica l assistance .
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ISOLATION OF C H L A M Y D I A  T R A C H O M A T I S  
FROM URETHRAL SCRAPINGS OF MEN

E. S á d e c k y , J a n a  M ik l á s o v á , M. Z a m b o r , J . Ű r v ö l g y i , E l e n a  K ová ö o v á

and R . B r e z in a

Institu te  o f  Virology, S lovak A cadem y o f  Sciences, Bratislava , and P atronka H ospital, B ra tislava ,
Czechoslovakia

(R eceived  S ep tem b er 22, 1982)

Two s tra in s  o f C hlam ydia  were iso la ted  in McCoy cell cu ltu res  a n d  hens’ yo lk  sacs from  
u re th ra l scrap ings o f  m en  suffering  from  “ nonspecific”  u re th r it is . T h eir id en tific a tio n  as Chla­
m ydia  trachomatis w as based on cy to p lasm ic  inclusions sta in in g  w ith  iodine and  on in d ire c t im ­
m unofluorescence w ith  an ti-L G V  serum . B o th  te s ts  were pe rfo rm ed  in  McCoy cells.

In  th e  la s t  tw o  decades, m a n y  a u th o rs  h av e  show n th a t  C hlam ydia  tra ­
chom atis is th e  com m onest aetio log ica l ag en t of non-gonococcal u re th r i t is ;  
th e  o rgan ism  w as d e te c te d  in  3 5 -5 0 %  o f th e  p a tie n ts  te s te d  [I] . A te a m  o f 
A m erican  resea rch ers  ex am in ed  1600 cases inc lu d in g  m en w ith  “ n o n sp ec ific”  
u re th r it is  an d  w om en w ith  cerv ic itis . N eisseria  gonorrhoeae, C andida, H erpes­
v iru s , Trichom onas a n d  C hlam ydia  s tra in s  w ere iso la ted  an d  am o n g  th e se  
C hlam ydia  h ad  th e  h ig h es t inc idence. I t  has th e re fo re  been assum ed  th a t  
C hlam ydia  in fec tion  is th e  m ost fre q u e n t v enereal disease o f m an [2].

Iso la tio n  o f C. trachomatis from  h u m a n  u re th ra  h as  n o t been re p o rte d  
from  S lovakia  so fa r. K azáE s [3] re p o r t  suggesting  th a t  nonspecific  u re th r i t is  
m ay he a m an ifesta tio n  of ch lam y d ia l in fec tion  d id  n o t arouse  in te re s t in th is  
c o u n try . D e tec tio n  o f ch lam y d ia -lik e  m icroorgan ism s in  u re th ra l sc rap in g s 
has suggested  th a t  C hlam ydia  m ay  c o n tr ib u te  to  th e  pa th o g en esis  o f n o n sp e ­
cific u re th r itis  in  S lovak ia  as well [4].

R ep o rts  from  a b ro a d  on th e  im p o rtan ce  o f ch lam y d ia l in fec tio n  o f  th e  
h u m an  u ro g en ita l o rgans an d  th e  fre q u e n t o b se rv a tio n  o f “ n o n sp ec ific”  u re ­
th r it is  in m en h av e  p ro m p te d  us to  dev o te  m ore a t te n tio n  to  C hlam ydia  as a 
possible pa th o g en ic  agen t.

M aterials and method-.

Patients. T h irte en  m en aged 22 to  34 y ears were ex am ined  for “ nonspecific”  u re th r i t is .  
In  6 p a tie n ts  oozing o f a little  m ucous d ischarge  from  th e  u re th ra  was o bserved  before u r in a tio n  
in  th e  m orn ing . T he p a tie n ts  den ied  h av in g  venera l disease in  th e  p reced ing  six m o n th s  and  
s ta te d  th a t  th ey  h ad  n o t u ndergone  w id e-sp ec tru m  an tib io tic  th e ra p y . T h eir u re th ra l d ischarges

E. Sa d e c k v , E len a  K ovaöova , R. B r e z in a , J . Ű r v ö l g y i 
In s titu te  of Virology, Slovak Academy of Sciences 
Mlinska D ilin« 9, B ratislava, Cze.hoslovakia

J ana  M ik i .XSová , M. Zambor  
P atronka Hospital 
B ratislava, Czechoslovakia
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w ere  te s te d  for N . gonorrhoeae , Trichom onas  and  M ycop lasm a  before th e  iso la tion  of C hlam ydia  
w as a tte m p te d .

Sam pling . Sm ears w ere p rep ared  on glass slides from  th e  m ucous d ischarge  from  th e  
u r e th r a l  orifice before u r in a t io n  in  th e  m orning. T he sm ears  were d ried , fix ed  in  B unsen  flam e, 
s ta in e d  according to  G im énez o r G iem sa and exam ined  u n d e r  th e  m icroscope. A t th e  sam e tim e, 
sa m p le s  w ere tak e n  from  th e  u re th ra  w ith  n aso p h a ry n g ea l co tton-w ool sw abs. T he sw ab was 
in tro d u c e d  in to  th e  u re th ra  to  a d e p th  of 3—4 cm , i t  w as ro ta te d  carefu lly  to  avo id  m ucosal 
b leed in g . A fter p rep arin g  im p ress io n  slides, th e  sw abs w ere im m ersed in  g row th  m edium  for 
M yco jd a sm a  and  shaken . D isch a rg e  for isolation  of C hlam ydia  w as ta k e n  from  th e  u re th ra  w ith  
a b lu n t  c u re tte , w ith o u t a n ae s th es ia . B leeding was av o id ed . T he m ucosal scrap ings were stored  
in  co llecting  m edium .

M edia  and cell cultures. T h e  grow th  m edium  fo r M cCoy cells consisted  of E ag le ’s m in i­
m u m  essen tia l m edium  (M EM ), 88% ; in ac tiv a ted  fe ta l ca lf se rum , 10% ; g lu ta m in e , 1% ; 100- 
fo ld  c o n cen tra ted  v ita m in s  fo r tis su e  cu ltu re , 1% . T en  fig  gen tam ic in , i00 /ig  vancom ycin  and 
4 fig  am p h o te ric in  w ere a d d e d  p e r  1 ml m edium . T h e  sam e m edium  w as used  for suspending  
u r e th r a l  discharge, e x cep t t h a t  i t  d id  n o t con ta in  g lu ta m in e  an d  v itam in s .

Preparation o f scrapings fo r  isolation o f  C hlam ydia . T he u re th ra l sc rap ings to  be in o cu la t­
ed in to  th e  yolk sac w ere su sp en d e d  in 2 ml PB S of p H  7.1, co n ta in in g  0.4 m ol/litre  sucrose [5], 
a n d  50 pg  vancom ycin  a n d  100 IU  of s trep to m y cin  p e r  m l. T he scrap ings to  be ino cu la ted  in to  
M cC oy cell cu ltu re  w ere su sp en d e d  in 4 m l of th e  co llec tin g  m edium .

B o th  suspensions w ere  k e p t  a t  room  te m p e ra tu re  fo r 10 h, th e n  a t  20 °C o v ern igh t. 
O n  th e  n e x t day , th e  su sp en sio n s w ere inoculated  in to  th e  yo lk  sac of 7 -day-old  em bryos and cell 
c u ltu re s , respectively . T h e  M cCoy cells were c u ltiv a te d  for 3 or 4 days a t  37 °C in 50 ml flasks, 
e ac h  co n ta in ing  6 x  105 cells in  8 m l g row th m edium .

Isolation o f C hlam ydia . O ne m l cell suspension co n ta in in g  ab o u t 1 X 105 cells was m easu r­
ed  in to  f la t-b o tto m  te s t- tu b e s  a n d  a coverslip was p laced  on th e  b o tto m  of each  tu b e . T he cu l­
tu re s  th u s  p repared  w ere in c u b a te d  a t  37 °C for 48 h. T h en  th e  g row th  m ed iu m  w as exchanged 
fo r  th e  collecting m ed iu m  t h a t  co n ta in ed  th e  d ispersed  u re th ra l scrap ings. A fte r c en trifu g a tio n  
a t  27 °C for one hour a t  2700 g, th e  cell cu ltu res w ere in cu b a ted  a t  35 °C for 48 or 72 h.

Suspensions of u re th ra l  sc rap in g s were in jec ted  in to  th e  yolk sac o f 6 seven-day-o ld  chick 
e m b ry o s , each 0.3 ml pe r y o lk  sac. T he eggs were can d led  tw ice a day . T he em bryos th a t  died by  
th e  72nd  h  following in o cu la tio n  w ere discarded. F ro m  th e  yo lk  sacs o f th e  em bryos th a t  died 
l a te r ,  sm ears were p re p a re d  on slides and s ta ined  acco rd in g  to  G im énez [6 ]. T he sm ears were 
e x am in ed  for e lem en tary  bod ies a t  X 500 m ag n ifica tion .

T o d em o n s tra te  c h la m y d ia l inclusions, sm ears  p re p a re d  from  cell cu ltu res  36 to  72 h 
a f te r  inocu la tion  were s ta in e d  acco rd ing  to  G im énez or t r e a te d  w ith  iodine according to  R ice [7 ).

In d irec t im m u n o flu o rescen ce  w ith  an ti-L G V  r a b b i t  serum  was also used for d e tec tio n  of 
in clu sio n s.

R esults

T he u re th ra l sam p le s  o b ta in ed  from  six  p a tie n ts  p ro v ed  to  he n eg a tiv e  
fo r  N . gonorrhoeae, M ycoplasm a , an d  Trichom onas  m icroscop ica lly ; those  
fro m  tw o  fu rth e r  p a t ie n ts  w ere u n su itab le  fo r iso la tion  o f C hlam ydia  because 
o f  th e  g rea t d en sity  o f  G ram -p o sitiv e  cocci a n d  co ry n eb ac te ria .

In  four s ta in e d  u re th ra l sam ples, re d  d u st-lik e  m icro -o rgan ism s were 
seen  in  the  cy to p lasm  o f ep ithe lia l cells. T h e  lim it of th e ir  v is ib ility  was a t  
th e  m agn ifica tion  o f  X 500. In  the  sm ears o b ta in e d  from  tw o  o f th e  fo u r p a ­
t ie n ts ,  20 to  30 p o ly m o rp h o n u c lea r  leu co cy tes  w ere c o u n ted  in several fields 
o f  v ision .

F rom  th e  sam p les  o b ta in ed  from  th e  fo u r p a tie n ts  w hose m icroscopic 
p re p a ra tio n s  w ere p o s itiv e  for e lem en ta ry  bod ies, tw o s tra in s  of C hlam ydia  
w ere  iso lated  in  b o th  M cCoy cells an d  y o lk  sacs. The s tra in s  w ere designated  
У . B . and  Cz1. O f th e  tw o  sam ples in w hich  p o ly m o rp h o n u c lea r leucocy tes 
w ere  p resen t, o n ly  one y ie ld ed  C hlam ydia .
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Fig. 1. C hlam ydia  inclusions in  M cCoy cells. Gim cnez sta in  

Fig. 2. C hlam ydia  e lem en tary  bodies in  inclusions. Gimcnez s ta in
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ï 'ig .  3. C hlam ydia  inclusions in  th e  cy top lasm  of M cCoy cells. In d irec t im m u n o flu o rescen ce

C h lam y d ia l inc lusions w ere d e m o n s tra te d  m icroscopically  in  c e r ta in  
c u l tu re d  cells s ta in ed  acco rd in g  to  G im énez o r  G iem sa, 35 h a fte r  in o c u la tio n . 
In  th e  fo llow ing 36 h p erio d , th e  inclusions g rew  in num ber, to  4—7 in c lu sio n s 
in so m e  o f th e  cells (F ig . 1). In  the  sm ears s ta in e d  according to  G im énez, th e  
in c lu s io n s , w hich v a rie d  in  size and  shape, a p p e a re d  red, in  s tr ik in g  c o n tra s t  
w ith  th e  pale  b lue cy to p la sm . N um erous e le m e n ta ry  bodies w ere c le a r ly  v i ­
sib le  in  c e r ta in  inclusions (F ig . 2).

T h e  glycogen m a tr ix  o f  th e  io d in e - tre a te d  ch lam ydia l inc lu sion  bod ies 
s ta in e d  d a rk  (brow n) in  c o n tra s t  to  th e  pale  y e llo w  cy top lasm .

In d ire c t  IF  ap p e a re d  p o sitiv e  in th e  in c lu s io n s  (Fig. 3).
B o th  s tra in s  w ere iso la ted  in yo lk  sacs, to o . W hen d ispersed  p o s itiv e  

yo lk  sacs  d ilu ted  to  1 0 _s w ere inocu la ted  in to  cell cu ltu res, on th e  av e rag e  
700 in c lu sio n s w ere c o u n te d  in  each coverslip  c u ltu re  a fte r 4 days in c u b a tio n .

T h e  iso lates h av e  been  classified in to  th e  species C. trachom atis on  th e  
basis  o f  th e  p ositive  iod ine  a n d  IF  reactions.
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Discussion

In  th e  la s t few y ea rs , ch lam y d ia l in fec tio n  o f th e  u rogen ita l o rg an s h a v e  
been s tu d ie d  by  m an y  au th o rs . A lth o u g h  v e n e ra l diseases seem to  he co m ­
m oner in in d u s tr ia lly  w ell-developed  co u n trie s  th a n  elsew here [1], no specia l 
a t te n tio n  has been p a id  to  th e  o ccu rrence  a n d  consequences of ch lam y d io sis .

In  ou r f irs t a t te m p ts  to  iso la te  C hlam ydia , we selected  p a tie n ts  w ith  
clin ica lly  obvious nonspecific  u re th r it is  (m ucous u re th ra l d ischarge) an ti p a ­
tie n ts  w ith  g re a t m asses o f b a c te r ia  in  th e ir  u re th ra l  discharge w ere ex c lu d ed . 
In  se lec ting  p a tie n ts  for iso la tion  o f  C hlam yd ia , we a t tr ib u te  a co n sid e rab le  
im p o rta n c e  to  th e  o b se rv a tio n  re p o rte d  b y  M u n d ay  e t al. [8], v iz ., t h a t  th e  
iso la tio n  was m ore successful from  u re th ra l sam p les  con ta in in g  p o ly m o rp h o ­
n u c lea r leucocy tes.

O f th e  cell cu ltu re s  used  for iso la tio n  o f C hlam ydia , McCoy cells a p p e a r  
to  he th e  m ost su ita b le ; th e y  are  3 to  4 tim e s  as sensitive  as th e  cells o f  th e  
yolk  sac (9).

In  acco rdance  w ith  o th e r  in v e s tig a to rs  [1, 10], we have  found  t h a t  iso ­
la tio n  o f C. p sittac i from  p lacen ta s  o f a b o rtin g  ewes (11] or cows [12] is m u ch  
m ore lab o rio u s an d  tim e-co n su m in g  in  y o lk  sacs th a n  in cell c u ltu re s . F o r 
iso la tio n  from  th e  m ale u re th ra , we used  tw o  su b s tra te s  for c o m p a ra tiv e  p u r ­
poses. W e w ished to  u tilize  th e  o b se rv a tio n  o f  B lack m an  e t al. [13], w ho, using  
cells s to red  in th e  frozen s ta te , a tta in e d  b e t te r  rep ro d u c ib ility  w ith  su sp e n ­
sions p re p a re d  from  yo lk  sacs th a n  w ith  th o se  p re p a re d  from  cell c u ltu re s .

A m ong th e  m eth o d s used for s ta in in g  inc lusions, th e  iodine re a c tio n  seem s 
to  he su itab le  for th e  id e n tif ic a tio n  of C. trachom atis because only th e  in c lu sio n s 
p ro d u ced  by  th is  species s ta in  w ith  iod ine. A po sitiv e  iodine reac tio n  a n d  p o ­
sitiv e  I F  w ith  an ti-L G V  scrum  allow  to  d iffe re n tia te  C. trachom atis fro m  
C. psittac i.

In  conclusion , wre h av e  iso la ted  tw o s tra in s  o f C. trachomatis in  th e  yo lk  
sacs o f  7 day  chick em bryos an d  in M cCoy cell cu ltu res , from  cases o f “ n o n ­
specific”  u re th r itis . W e h av e  p ro v ed  th e  o ccu rren ce  o f th is  in fec tion  in  S lo v a ­
kia a n d  call a t te n tio n  to  it.
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IMMUNOSEROLOGY OF P S E U D O M O N A S  
A E R U G I N O S A  INFECTIONS IN MAN

I. FO U R  T Y P E S  O F  IN T E R A C T IO N  B E T W E E N  H O ST AN D  B A C T E R IU M

G y . P e t r a s , M a r ia  M. A d a m , B . L á n y i , A n n a  S z e n t m ih á l y i  and Ma r ia n n e

K o n k o l y  T h e g e

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

(R eceived F e b ru a ry  1, 1983)

C ontinuous su rv e y  of clinical sy m p to m s, b ac terio lo g ica l find ings and a n ti-E P S  a n ti ­
bodies in 39 acu te  a n d  9 chron ic  p a tie n ts  a t  a re sp ira to ry  d e p a r tm e n t revealed four in te ra c tio n -  
ty p es  betw een P seudom onas aeruginosa an d  host: E  c lin ical com plications w ith  a sero logical 
response; I I ,  th e  sam e  w ith o u t serological answ er; I I I ,  rise o f specific an tibod ies w ith o u t  cli­
n ical sym ptom s; a n d  IV , no clinical or serological re ac tio n  d esp ite  th e  presence of P. aeruginosa. 
E xogenous fac to rs  like  m assiveness or m ode of in fec tio n  (e.g. in s tru m en ta l)  d e te rm in ed  m ain ly  
th e  ty p e  of in te ra c tio n  in  th e  absence o f im m u n e-an tib o d ie s . P. aeruginosa co lon ization  longer 
th a n  a few days tu rn e d  generally  in to  m an ifes t or su b c lin ical infection. The lack  o f a n tib o d y  
p ro d u c tio n  in severe  in fec tion  was likely  a consequence of an  im m une-para lysis , e lic ited  by  a 
m assive in fection . A n tib o d y  p ro d u c tio n  w as low er in su b c lin ical th a n  in m an ifest in fec tio n , y e t 
Ig G -ty p e  an tib o d ies  increased  no t on ly  in th e  la t te r ,  b u t  a lw ays in  th e  form er, too.

The to x ic  e ffec t of lipo p o ly sacch arid es  (L P S ) an d  exo tox in  A a re  th e  
tw o m ain  le th a l fa c to rs  in Pseudom onas aeruginosa  in fec tion  [1—3]. H aem ag g lu - 
tin a tio n , p re c ip ita tio n , opson iza tion  an d  th e  serogroup-specific  p ro te c tiv e  
effect are based on th e  presence o f  a n ti-L P S  a n tib o d ie s  (Ah) [4, 5]. T h u s  a n ti-  
L PS  Ab-s m ay  p la y  a decisive ro le in th e  d e v e lo p m en t and  outcom e o f P . aeru­
ginosa  in fec tions. Pseudom onas co lo n iza tio n  a n d  in fec tion  in m an , h o w ev er, 
do no t elicit u n ifo rm  reactions, especia lly  n o t in A b p ro d u c tio n . To c h a ra c te r iz e  
th e  various ty p e s  o f these  reac tio n s , c lin ical sy m p to m s and a n ti-L P S  ti t re s  
w ere consecu tiv e ly  followed up in p a tie n ts  w ith  P. aeruginosa in fec tio n  in  a 
re sp ira to ry  in te n s iv e  care un it.

P atien ts and m eth od s

Acute cases. I n  th e  acu te  re sp ira to ry  in ten siv e  care  u n it  of László H osp ita l fo r In fec tio u s  
D iseases in B u d a p es t, 39 p a tie n ts  (17 m ales and  22 fem ales) were exam ined du rin g  th e ir  w hole 
hosp ita l stay . T h e ir  age varied  from  14 to  76 (average, 47.6) years. T he underly ing  d iseases w ere 
te ta n u s  in 19, m en in g o -m y elitis in  7, p o ly rad icu litis  in 6 , m y as th e n ia  gravis in 5 p a tie n ts ,  su b ­
arachno ida l h aem o rrh ag e  and  cerebral em bolism  in one case each. The illness w as considered  
m ild ( tran s ien t clin ical sym ptom s w ith o u t re sp ira to ry  in su ffic iency) in 4, m o d era te  (ex p ressed , 
slowly im proving  c lin ical sym ptom s a n d  tra n s ito ry  re sp ira to ry  insufficiency) in 7, sev ere  (life- 
th rea ten in g  s itu a tio n , w ith  several days o f a rtific ia l re sp ira tio n )  in 20 cases and  th e  u n d e rly in g  
illness was th e  p r im a ry  cause of d e a th  in  8 p a tie n ts . T rach eo to m y  or in tu b a tio n  fo llow ed by 
a rtific ia l re sp ira tio n  las tin g  for a m in im um  of 24 h o u rs  w as perform ed in 34 p a tie n ts .

Gvőző P e t r a s , M á r ia  M . Á d á m , B éla  L á n y i, M a r ia n n e  K o n k o l y  T h e g e , A n n a  Sze n t m ih á l y i 
N ational In stitu te  of H ygiene 
11-1966 Budapest, P .О .В. 64, Hungary
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Chronic cases. T h e  9 chron ic  p a tie n ts  (average  age, 35.5 years) stud ied  d u rin g  tw o  a n d  a 
h a lf  m o n th s  had re sp ira to ry  insu ffic iency  w hich m ad e  trac h eo to m y  and a rtif ic ia l re sp ira tio n  
n ecessa ry . T he u n d erly in g  d iseases were m y as th e n ia  g rav is  in 3, am yo troph ic  la te ra l  sclerosis 
in  2 p a tie n ts ,  sequelae o f en cep h alitis , apoplexy , a n o x aem ic  cerebral laesion and  reco v e ry  a fte r 
t e ta n u s  in  one case each. T h e  illnesses were in  a s ta tio n a ry  phase  except th e  slow ly recovering  
te ta n u s .

Bacteriological surveillance. Sam ples w ere ta k e n  fro m  all th e  p a tie n ts  ev ery  3rd  or 4 th  
d a y , a n d  du rin g  im p ro v em en t fro m  th e  acu te  cases e v e ry  w eek. The ax illary  and  in g u in a l area 
o f th e  sk in , nose, th ro a t  or tra c h e a , ear, u rin e , feaces, p u s  an d  in septic  p a tie n ts  th e  b lood as well 
as th e  en v iro n m en t ( in s tru m e n ts , tap s , sinks, fu rn itu re s , e tc .) were sam pled an d  c u ltu re d  by 
th e  u su a l m ethods. P. aeruginosa  s tra in s  o rig in a tin g  fro m  th e  p a tie n ts  and  e n v iro n m en t were 
se ro g ro u p ed  on th e  basis o f L á n y i’s revised an tig en ic  schem e [6 ]. Cases were g ro u p ed  accord ing  
to  th e  d u ra tio n  of th e  p resence  of P. aeruginosa. S ingle iso la tions were included in  g ro u p  “ A ” . 
C o lon iza tions in th e  ran g e  fro m  fo u r to  ten  days (tw o  o r m ore  positive cu ltu res) fro m ed  group  
“ B ” , a n d  th o se  over te n  d ay s , g ro u p  “ C” .

Serological response. B lood sam ples w ere ta k e n  fro m  th e  acu te  p a tie n ts  ev ery  2 n d —4th  
d ay  d u rin g  th e  acu te  ph ase  of illness, and  every  6th  o r 7 th  d ay  during  convalescence. C hronic 
p a t ie n ts  w ere sam pled every  3rd  week. All sera from  a  g iven  p a tie n t were sto red  a t  — 20 °C and 
e x am in ed  in  an  ex p erim en t u sing  tw o double d ilu tio n  series. Passive h a em ag g lu tin a tio n  was 
p e rfo rm e d  w ith  sheep e ry th ro c y te s  sensitized by  p u rif ie d  P. aeruginosa L PS  [7]. A n tib o d ie s  
d e te rm in e d  for 9—13 d iffe ren t serogroups occurring  in th e  p a tie n t  or en v iro n m en t, w ere re g ard e d  
as th e  to ta l  an tib o d y  (T A b) t it re . W hen  suffic ien t a m o u n ts  o f  sera were availab le  fro m  26 acu te  
an d  8 ch ro n ic  p a tie n ts  th e y  w ere t i t r a te d  also a f te r  0.2 m o l/litre  2-in ercap to e th an o l t r e a tm e n t  
to  d e te rm in e  th e  level o f Ig G -ty p e  Ab-s. E le c tro p h o re tic  se ru m  frac tions [8], th e  m ain  Ig G  clas­
ses [9 ], t i t r e s  o f 9 n a tu ra l A b-s [10] and p h y to h a e m a g g lu tin in  induced b la s t- tra n s fo rm a tio n  
r a te  o f ly m p h o cy tes  [11] w ere d e te rm in ed  in p a rallle l in  th e  sam e blood sam ples.

In fections. G eneral an d  local clinical sy m p to m s acco m p an ied  by a positive  b acterio lo g ica l 
f in d in g  w ere  considered a b ac terio log ica l com p lica tio n . S ev e rity  grades of co m p lica tio n s were 
c a teg o riz ed  as follows: (1) m ild : te m p e ra tu re  below  38 °C, good general co n d itio n  w ith o u t 
in te n s iv e  local sym ptom s, v a s t  tis su e  d estru c tio n  or co n sid erab le  pus p ro d u c tio n ; (2) m o d era te : 
ex p ressed  local clinical sy m p to m s , tem p e ra tu re  ex ceed in g  38 °C; (3) severe: sep tic  s ta te ,  i.e. 
in te r m it te n t  py rex ia , h eav y  p ro s tra tio n , rap id ly  d ev elo p in g  anaem ia, e ry th ro c y te  se d im e n ta ­
tio n  r a te  a b o u t 100 m m /h o u r, w ith  e ither negative  o r p o sitiv e  blood cu ltu res—as on ly  a m in o r­
i ty  o f  h aem o eu ltu res  y ielded  P . aeruginosa  in consequence  of vigorous, in trav en o u s a d m in is tra ­
tio n  o f  a n tib io tic s  from  th e  early  o nse t o f co m p lica tio n s; (4) le th a l: fa ta l sepsis.

W h en  in a p a tie n t tw o  d iffe ren t in fectious co m p lica tio n s  were due to  th e  sam e P . aeru­
g inosa  se rog roup , only th e  m ore severe  one was ta k e n  in to  consideration . In fec tio u s co m p lica ­
tio n s  cau sed  s im ultaneously  or successively  by  tw o  d is t in c t  serogroups were considered  se p a ­
r a te  in fec tio n s . Two d iffe ren t b u t  equally  serious co m p lica tio n s  in  th e  sam e p a tie n t  each  by 
its e lf  c o n tr ib u tin g  to  d e a th  w ere categorized  as tw o  le th a l  in fections. O ut o f n early  200 p a tie n ts  
o n ly  th o se  w ere included  w hose ca teg o riza tio n  w as u n a m b ig u o u s .

A ccord ing ly , th e  sero logical answ er in  66 p se u d o m o n as  infections o f acu te  p a tie n ts  was 
e v a lu a te d  (7 b ronch itis , 29 p n eu m o n ia , 10 u r in a ry  t r a c t  in fec tions, 8 p u ru len t rh in itis  b y  n aso ­
g a s tr ic  tu b e ,  7 th ro m b o p h leb itis , 2 en te ritis , 1 in fec ted  bedso re , 1 in jection-abscess an d  1 p e r i­
to n itis ) . D is tr ib u tio n  b y  se v e rity  o f  th e  in fec tion  w as: m ild  12, m oderate  21, severs 13 a n d  fa ta l 
20. In  9 o th e r  th ro m b o p h leb itis  in fec tions (2 m ild, 3 m o d e ra te  and  4 severe), w hen P . aeruginosa  
w as c u ltu re d  only from  th e  sk in  a t  th e  site o f th e  v en o u s can n u la , a significant rise in  b o th  T A b 
a n d  Ig G  specific  Ab-s confirm ed  th e  pseudom onas in fec tio n . These 9 infections w ere n o t  e v a l­
u a te d  to g e th e r  w ith  th e  fo rm er 66 ones, w hen th e  d u ra tio n  of th e  presence of P . aeruginosa  had  
to be  considered .

T h e  underly ing  disease  o f th e  acu te  p a tie n ts  cu lm in a ted  generally  n ear adm ission : 
P. aeruginosa  colonized th e m  on  th e  l s t - 4 th  day  o f h o sp ita l  s ta y ; th e n  th e  in fec tions in it ia te d , 
a n d  c u lm in a te d  afte r 10-40 d ay s o f  h osp ita l care , w h en  th e  u n d erly in g  disease a lread y  im p ro v e d , 
o r w h en  th e  p a tie n t co m ple te ly  recovered  from  it. F o r  a few  days 6 p a tien ts  rece ived  c o rtico ­
ste ro id s  in  a  low dose. O th e r im m u nosuppressive  d ru g s  w ere n o t adm in istered . N one o f th e  
p a tie n ts  h a d  critica l leu k open ia  (<^ 1G/1; <C 1000/m m 3).

I n  th e  9 chronic p a tie n ts  du rin g  th e  21/* m o n th s  ob se rv atio n  period th e  serological 
re sp o n se  to  4 m ild b ro n ch itis  an d  to  2 m ild tu b e -rh in itis  cou ld  be evaluated .

D iffe ren t P . aeruginosa  serogroups colonized fu r th e rm o re  a t  17 tim es th e  acu te  a n d  a t  26 
tim e s  th e  chron ic  p a tie n ts  w ith o u t any  clinical sy m p to m s . T he serological re ac tio n  ag a in s t 
th e se  se ro g ro u p s was also fo llow ed up.

I n  th e  acu te  p a tie n ts  on 32 an d  in th e  chronic cases on 15 occasions, a n o th e r f a c u lta t iv e ­
ly p a th o g e n ic  bacterium  ( Proteus, Klebsiella , Escherichia coli, Acinetobactcr calcoaceticus, S ta ­
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phylococcus aureus) acco m p an ied  the P . aeruginosa  a t th e  s ite  o f in fection  or co lon ization ; 
in  th e  rem aining cases P . aeruginosa grew  in  p u re  cu ltu re . F u r th e r  17 infections in th e  acu te  
a n d  5 in th e  chronic p a tie n ts  were caused  b y  o th e r fa cu lta tiv e ly  pa th o g en ic  b a c te ria . In  15 
a d d itio n a l infections (m ain ly  th ro m b o p h leb itis ) th e  c au sa tiv e  a g en t rem ained  u n id en tified . 
H o w ev er, the  pseu d o m o n as infections d o m in a ted  in all a cu te  cases an d  bacterio log ical com pli­
ca tio n s  o f o ther origin w ere on ly  m ild an d  tra n s ie n t.

Statistical analysis. Sera no t re ac tin g  a t  l : 10 d ilu tio n  were regarded  as h av in g  a 1 : 5 
t i t r e  to  m ain ta in  th em  in  calcu la ting  th e  g eo m etrica l m ean of th e  d iffe ren t titre -g ro u p s .

T he v a ria tio n  coefficien t in per c en t w as calcu la ted  by th e  follow ing fo rm ula  app licab le  
for geom etrical d ilu tio n  series:

v a ria tio n  coefficien t in per cent 100 m im  lg N-(lsj*i)- (—' Ifï Xj )2
( N -  1) (Vlgx,)2

T he difference (D ) be tw een  two av erag e  va lues w as ex pressed  in d ilu tion  s tep s, using  th e  
e q u a tio n  2n = a/b, w here  a and  b are th e  tw o  averages.

In  com paring tw o  groups of titre -v a lu es , W ilcoxon’s o r M ann W h itn ey ’s m eth o d  was 
em p lo y ed , as requ ired  b y  m a th em a tica l co n d itio n s. To c o m pare  tw o g ro u p s of d a ta  n o t belong­
ing  to  geom etrical series, th e  3i2-tes t w ith Y a te s ’s correction  was used . In  th e  tab le s  th e  co rre la ­
tio n  coefficient o f tw o re la te d  groups o fT A b  an d  IgG t itres w ith  its degree of p ro b a b ility  is also 
g iven .

Results

A cu te  patients

Types o f  in teraction . F o u r ty p o s o f  in te ra c tio n  w ere d is tin g u ish ed  betw een  
th e  p a tie n ts  and P . aeruginosa.

(I) Local and  g enera l clinical sy m p to m s acco m p an ied  by a rise o f h o ­
m ologous specific a n ti-L P S  Ab-s (w hen  P. aeruginosa  grew  in p u re  c u ltu re , 
T A b =  four-fold, in m ixed  in fections TA b -|- IgG each  four-fo ld , or w hen 
IgG  "was no t d e te rm in ed , T ab  alone, =  16-fold): m an ife s t p seudom onas in fec­
tio n  (com plica tion  o r illness) w ith im m u n e-reac tio n .

( I I )  Clinical sy m p to m s w ith o u t serological resp o n se  (m ax im u m  one d ilu ­
tio n  s te p  rise in  TA b o r IgG titre , as in  all m ixed  in fec tio n s IgG  was m easu red ): 
m a n ife s t in fection  w ith  no specific h u m o ra l im m u n e-reac tio n .

( I I I )  Specific im m u n e-an sw er (see in te ra c tio n -ty p e  I) w ith o u t clinical 
sy m p to m s: subclin ical (la rv a te , la te n t)  in fection .

(IV ) Presence o f  P. aeruginosa w ith o u t clinical an d  serological reac tio n  
(see in te ra c tio n -ty p e  I I ) :  co lonization .

O u t of the  75 m an ife s t P. aeruginosa  in fec tio n s e v a lu a te d  59 p lu s  th e  
9 th ro m b o p h le b itis  cases belonged to  in te ra c tio n -ty p e  I , an d  7 to  ty p e  I I .  
In te ra c tio n - ty p e s  I I I  an d  IV were re p re se n te d  on 5 and  12 occasions, re sp ec ­
tiv e ly . F rom  th e 3 9 a c u te  p a tie n ts  18 show ed  only  ty p e  I. 4 on ly  ty p e  I I  in te ra c ­
tio n . F o u r  p a tien ts  w ere on ly  colonized (ty p e  IV). Tw o or m ore in te ra c tio n - 
ty p e s  w ere observed  in paralle l in th e  rem ain in g  13 p a tie n ts , as fo llow s: 
I —f- 11 in 1, I -j- I I I  in 4, I IV in 6, I -f- I I  IV in 1 an d  I I  -j- I I I  in  1 
p a tie n t .

Interaction-types and serogroups. All p seudom onas serogroups o f th e  
L án y i—B ergan  schem e, ex cep t 01  an d  0 1 5 , occurred  in th e  p a tie n ts . In te ra c tio n
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w as d u e  to  0 6  on 26, 0 1 1  on 22, 0 3  on 8, 0 2  on  8, OlO on 7, 0 4  on 7, R -s tra in s  
( fo rm e rly  L ányi 0 8  a n d  0 9 )  on 7, 0 9  on 5 occasions, an d  0 7 , 0 9 , 0 1 2  on one 
o ccas io n  each. A ccord ing ly , s tra in s  o f serogroups 0 6  an d  O i l  w ere p re sen t in

Table I

In teraction-type, sort and severity or site o f  infection  
A cute  p a tie n ts

Interaction-type

I II

S o rt of Site of
infection

in  I  +  II

M
ild

M
od

er
at

e

Se
ve

re

L
et

ha
l

M
od

er
at

e

Se
ve

re

L
et

ha
l IV

interaction 
in I I I  -f IV

T  rach eobronch itis 2 4 1 7 T rach ea

P n e u m o n ia 1 7 5 10 1 l 4
U rin a ry  tra c t 1 3 3 3
T hrom bophleb itis** 3 5 7 2

O thers*** 6 4 1 1 5 5 S k in , nose, ear

T o ta l 13 23 16 16 1 l l 4 5 12

* I  =  Clinical sy m p to m s w ith  a n tib o d y  p ro d u c tio n ; I I  - clinical sy m p to m s w ith o u t 
a n tib o d y  production ; I I I  =  sy m p to m less  rise in a n tib o d y  t i t r e ;  IV =  co lon ization : no clinical 
sy m p to m s  and no a n tib o d y  p ro d u c tio n  

** an d  in jection  abscess
*** P u ru len t rh in itis  b y  n a so g a str ic  tu b e , e n te ritis , bedsore, p e rito n itis

Table II

Interaction-type , severity o f  infection and duration  o f  harbouring P . aeruginosa*
A cute  p a tie n ts

Interaction-type**

S everity  of 
infection

I II III IV I-IV, to tal

a*** b c a b c a b C a b с a b c a - c

No manifest
infection — — — — 2 2 1 и l 13 3 l 17

Mild 3 4 4 l — — — — — 4 4 4 12
Moderate 1 12 7 — — 1 — 1 12 8 21
Severe 2 10 — 1 — — — — 3 10 13
Lethal — 3 13 l 2 1 — — — — 1 5 14 20

Total 4 21 34 2 3 2 2 2 1 и l 19 27 37 83

* W ith o u t 9 th ro m b o p h le b itis , w hen d u ra tio n  of h a rb o u rin g  P. aeruginosa  could no t 
b e  s ta te d

** See Table I
*** a =  one po sitiv e  c u ltu re ;  b =  4—10 days long h a rb o u rin g ; c >  11 days long harb o u rin g
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h a lf  o f th e  in te rac tio n s . F ro m  th e  40 P . aeruginosa  s tra in s  found  on in s tru m e n ts  
(c a th e te rs , cannu las, tu b e s  etc .) 36 belonged to  th e se  tw o serogroups (p <  
<  0 .001). These n osocom ial serogroups did n o t, how ever, p red o m in a te  sign if­
ic a n tly  in th e  severe in fe c tio n s : 17 ou t of 38 m ild  an d  m o d era te  com plica tions 
an d  23 o u t of 37 sep tic  cases w ere caused b y  th e se  tw o  serogroups. T he d is tr i­
b u tio n  o f d ifferen t se ro g ro u p s in  m an ifest ( in te ra c tio n -ty p es  I an d  I I )  a n d  sub- 
clinical (type  I I I )  in fec tio n s  or in  co lon iza tions (ty p e  IV) also show ed th e  
sam e p a tte rn  (d a ta  n o t  show n).

In teraction-type , k in d  o f  disease, severity o f  com plication and site o f  colon­
ization . I t  was c h a ra c te r is tic  th a t  in  th e  p resen ce  of P . aeruginosa  som e 
com plica tion  developed  in  3 /4 th  of th e  cases ( ty p e s  I  an d  I I ;  T ab le  I).

In te ra c tio n -ty p e  I I  cases all h u t one (a m ild  en te ritis )  were severe  p n e u ­
m onias w ith  fa ta l o u tco m e  in  four p a tien ts . T h e  u n d erly in g  disease w as t e t a ­
nus in  3, m en ingoencephalom yelitis  in  2 an d  m y a s th e n ia  gravis in  1 p a tie n t;  
P . aeruginosa  re sponsib le  fo r th e  com plica tions belonged  to  six d iffe ren t sero ­
g roups. D ea th  due to  p n eu m o n ia  occurred  a f te r  6—25 days o f h o sp ita l care.

In teraction-type and  duration  o f  harbouring  P . aeruginosa. P resence  of 
P . aeruginosa  for a sh o r t  tim e  (a single p o sitive  sam ple) was asso c ia ted  m o stly  
w ith  in te ra c tio n -ty p e  IV ; on th e  o th e r h an d , a co lon iza tion  longer th a n  th ree

Table III

In te r a c t io n - ty p e  a n d  r e c ip r o c a l  h o m o lo g o u s  s p e c i f ic  a n t ib o d y  t i tr e s  in  a cu te  p a t ie n t s

In teraction-type

TAb I I I

S1 s2 D p St s, I) P

N 68 68 7 7

X 40.8 532.7 3.71 < 0 .0 0 1  24.4 32.8 0.43 N S

Vc 176.1 157.4 160.9 198.2

p / I I = 0 .1 2 < 0 .0 0 1 —

p / I I I N S N S = 0 .0 6 < 0 .0 1

p / i v N S < 0 .0 0 1 N S N S

IgG s, s2 D p s, s2 D P

N 58 58 3 3
X 1Л C/i 57.3 > 3 .5 2  —  > 5 ^ 5 y —
Vc y 180.8 y y
p / i i i y N S у у

D/TAb >3.03 3.22 > 2 .2 9 2.71

r 0.6005

p/r < 0 .0 0 1
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( T a b le  I I I  c o n t in u e d )

TAb 111 I v

s i S , D P S1 s 2 D p

N 5 5 12 12
X 69.6 367.6 2.40 =  0 .0 2 47.6 75.5 0.67 NS
V c 163.3 1 25.4 250.4 214.3

p / I I —
p / 1 1 1 — — —
p /IV NS < 0 .0 5 — —

IgG s, S2 D P S, s. D P

N 4 4 9 9
X < 5 33.6 > 2 .7 5 ^ 5 9

V c ? 125.5 ? 9

p / I I I — 9 9

D /T A b > 3 .8 0 3.45 > 3 .2 5 > 3 .9 2
r 0.6623

p / r NS

In te ra c tio n -ty p e s : see T ab le  I; TA b =  to ta l a n tib o d y  ( - IgM ); S, =  f i r s t sam ple
ta k e n  a t adm ission; S2 =  th e sam ple yield ing  hi g h est a n tib o d y  t itre ; D = differ-
ence of two mean titres expressed in dilution step; p =  probability of difference 
betw een Sx and S3; N =  number o f samples; x  =  average of titres; Ус =  variation coeffi­
cient in  per cent; p/II, III, IV =  level of difference as compared to group II, III, IV; D/TAb =  
=  difference of TAb and IgG mean titres expressed in dilution step; r =  correlation coeffi­
cient o f related IgG and TAb titres; p/r =  probability level of correlation; NS =  not signif­
icant

d a y s  ev o k ed  in  all cases e x c e p t one an  im m u n e-reac tio n  an d /o r clin ical sy m p ­
to m s  ( in te ra c tio n -ty p es  I , I I  or I I I ;  T ab le  I I ) . L ong h a rb o u rin g  w as found  
m a in ly  in  in te rac tio n -ty p e  I ,  p a ra lle l w ith  th e  ongrow ing  sev erity  o f  in fec tions.

In teraction-type and A b  titre. Changes in  th e  hom ologous specific  Ah 
t i t r e s  a g a in s t all cu ltu red  se ro g ro u p s w ere ch a rac te rized  b y  co m p a rin g  the 
t i t r e  o f  th e  f irs t sam ple (S x) ta k e n  on adm ission  (n a tu ra l Ab) w ith  th e  peak  
t i t r e  (S 2; im m une-A b) fo u n d  in  th e  p a tie n t (T able I I I ) .

T A b  titre. In  clin ical co m p lica tio n s  ( in te ra c tio n -ty p es  I  an d  I I )  th e  av e r­
age in  S x o f Ab-s was low er th a n  in  la te n t in fec tio n  (type  I I I )  or co lon iza tion  
( ty p e  IV ). D uring th e  im m u n o lo g ica l reac tio n  T A b titre s  au g m en ted  in  ty p e  
I to  a 13 tim es, in ty p e  I I  o n ly  to  a 5 tim es h ig h er level.

IgG  level. F rom  th e  74 S x on ly  six  y ielded  specific  IgG  Ab-s in th e  s ta r tin g  
(1 : 10) d ilu tio n  step . The in c re a se  o f IgG  A b-s in  ty p es  I an d  I I I  w as o f  th e  
sa m e  m a g n itu d e  as in th e  T A b  level. In  ty p es  I an d  I I I  a s tro n g  co rre la tio n  
e x is te d  b e tw een  TAb and  Ig G  A b titre s .
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Chronic p a tien ts

Serogroups. E x cep t se rog roup  0 1 5 , all th e  o th e rs  w ere fo u n d  in  th e  9 
b e d rid d e n  p a tie n ts , who h a rb o u re d  th e m  d u rin g  th e  w hole o b se rv a tio n  p e rio d . 
S erogroup  0 6  and  O i l  s tra in s  fo rm ed  on ly  one fo u r th  o f all th e  c u ltu re d  
P . aeruginosa.

In teraction-type, severity o f  in fection , site and  duration o f  harbouring  
P . aeruginosa. In  th e  ch ron ic  p a tie n ts  in te ra c tio n - ty p e  I I I  was n o t o b se rv ed . 
All p seu d o m o n as com plica tions w ere m ild. In  c o n tra s t w ith  th e  a c u te  p a ­
tie n ts , P . aeruginosa  caused  illness on ly  in  a m in o rity  of th e  in te ra c tio n s , 
w hereas in  th e  g rea t m a jo r ity  on ly  co lon iza tion  (ty p e  IY) occurred .

A given serogroup w as p re sen t longer in th e  chronic p a tie n ts :  in  h a l f  o f 
th e  in te ra c tio n s  h a rb o u rin g  la s ted  longer th a n  10 days (group “ C” ).

In teraction-type and  A b  titre, (i) T A b level. In  ty p e  I  th e  av e rag e  t i t r e s  
o f th e  Sj co rresponded  to  th a t  o f acu te  p a tie n ts  (Table IY). T he rise  d u rin g  
co m p lica tio n s in th e  chronic  p a tie n ts  w as low er accord ing  to  th e  m ild  c h a ra c te r  
o f th e ir  in fec tions. In  ty p e  IV , Sj t i t r e s  a g a in s t all serogroups re g a rd le ss  o f 
co lon iza tio n  were tw o  tim es  h ig h er th a n  in  th e  a c u te  p a tie n ts .

(ii) IgG titres. O u t o f th e  30 Sj o f  th e  ch ron ic  p a tie n ts , 25 c o n ta in e d  IgG  
ty p e  A b-s a t  leas t a t  a 1 : 10 d ilu tio n . In  th re e  o f th e  rem ain ing  5 cases, com pli-

Table IV

I n te r a c t io n - ty p e  a n d  r e c ip r o c a l h o m o lo g o u s  s p e c i f ic  a n t ib o d y  ti tr e s  in  c h r o n ic  p a t i e n t s

Interaction-type

Si s, D P s, S 2 D p S2 D P

N t 4 2 2 26 26

X 47.6 226.3 2.25 = 0 .0 8 113.1 160.0 0.50 99.0 116.2 0.23 NS

Vc 186.0 146.2 127.0 0.0 145.9 144.8

p/IV 0.18 “ 0.20 — —

Ig G s x S2 D P S, S2 D p s i s 2 D P

N 4 4 2 2 24 24

X 10.0 47.6 2.25 < 0 .0 5 14.1 28.3 1.0 31.8 50.9 0.68 NS

Vc 227.7 148.5 559.0 275.4 185.6 122.6
p/IV < 0 .0 5 NS —

D/TAb 2.25 2.25 3.0 2.50 1.64 1.19

r 0.8704 0.7305 — 0.6135 0.5312

P/г NS NS <0.01 < 0 .0 1

For abbreviations, see Table III
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c a tio n s  due to  th e  hom ologous P . aeruginosa  developed. T he av erag e  Ab 
t i t r e  in  Si in  in te ra c tio n - ty p e  I was o n ly  one  th i r d  o f th e  Sj Ah leve l in  ty p e  IV  
(T ab le  IV). T he A b rise  in  ty p e  I  co rre sp o n d ed  to  th a t  o f th e  T A b ti tre s . In  
S 2 o f  th e  ch ron ic  p a t ie n ts  th e  ra tio  Ig G /T A b  w as 2 -10  tim es h ig h e r th a n  in  
th e  a c u te  p a tie n ts . T h e re  w as a close c o rre la tio n  betw een  th e  Ig G  a n d  TA b 
t i t r e s  in  in te ra c tio n - ty p e s  I  an d  IV  in  th e  ch ro n ic  p a tie n ts , too .

D iscussion

I n  th e  m a jo r ity  o f  th e  cases, th e  u n d e r ly in g  disease of our p a tie n ts  w as 
n o n - fa ta l  [12]. T h e  im m uno log ica l an sw er seem ed  to  have  been  in flu en ced  
co n s id e ra b ly  n e ith e r  in  th e se  p a tie n ts  n o r  in  th o se , who died  of su b a rach n o id a l 
b leed in g , cereb ral em b o lism , te ta n ic  se izu re  o r  cereb ral oedem a.

P assive  h a e m a g g lu tin a tio n  ap p lied  to  d e te rm in e  th e  a n ti-L P S  TA b 
lev e l o f  th e  p a tie n ts  show s f irs t  of a ll IgM  A b-s [13—15]. As th is  m e th o d  m ea ­
s u re d  in  ou r p a tie n ts  Ig G  t i tr e s  3 -4  d ilu tio n  s te p s  low er th a n  T A b, th e  la t te r  
re p re se n te d  p ra c tic a lly  IgM  Ab-s. T h ere fo re , no d irec t com parisons of IgG  
a n d  T A b titre s , b u t  o n ly  changes in  th e ir  lev e l o r th e ir  ra tio  w ere considered .

S everal o b se rv a tio n s  revea led  th e  e x is te n c e  o f a sym ptom less p seu d o ­
m o n as  ca rrie r s ta te  [16—18], w hich m ay  [3, 19, 20] or m ay  n o t [19, 20] he 
acco m p an ied  b y  a sp ec ific  im m une re a c tio n . E v e n  clinical sy m p to m s a re  n o t 
a lw ay s  connected  w ith  a rise  in  specific A b-s [21]. H ow ever, a t te m p ts  h av e  n o t 
b e e n  m ade to  se p a ra te  th e se  d is tin c t re a c tio n - ty p e s , a lthough  th e ir  neg lect 
m a y  le a d  to  false re su lts  a n d  conclusions.

T he para lle l o ccu rren ce  of tw o or th r e e  d iffe ren t in te ra c tio n -ty p e s  was 
o b se rv e d  in  o n e -th ird  o f  th e  p a tien ts . T h u s , n o t  th e  in d iv id u a l in c lin a tio n  o f 
th e  im m u n e-sy s tem , b u t  exogenous fac to rs  lik e  th e  v iru lence  of P . aeruginosa  
o r th e  m assiveness o f  th e  in fec tio n  m ay  d e te rm in e  th e  in te ra c tio n -ty p e  in  m an .

T h ere  w as no p ro o f  o f  an  u n d o u b te d ly  h ig h e r  v iru lence  of th e  nosocom ial 
s tr a in s . T he h igher p e rc e n ta g e  ra te  of th e  n o socom ia l serogroups in  sep tic  
cases w as th e  consequence  o f th e ir  h igh in c id en ce  on in s tru m e n ts  em ployed  
f re q u e n tly  on these  p a t ie n ts .  The d a ta  p re se n te d  su p p o rt r a th e r  th e  op in ion  
t h a t  th e  P . aeruginosa  se rog roups do n o t d iffe r in  p a th o g e n ic ity  [22, 23].

A cu te  p a tie n ts  e x h ib ite d  m ain ly  in te ra c tio n - ty p e  I , in acco rd an ce  w ith  
o th e r  o b se rv a tio n s [3, 16—18]. I t  m ay  be  su p p o sed , how ever, t h a t  am ong 
e x tra h o s p ita l  cases th e  ra t io  o f in te ra c tio n -ty p e s  I I I  a n d  IV  is h igher [24].

In  th e  tw o ch ro n ic  p a tie n ts  w ith  in te ra c tio n - ty p e  I I  sym p to m s o f v ira l 
in fe c tio n  (rh in itis , so re  th r o a t  an d  b ro n ch itis )  acco m p an ied  th e  p resence  of 
P . aeruginosa  in th e ir  t r a c h e a :  th u s , in  a ll p ro b a b ili ty , only  a p seudom onas 
c o lo n iza tio n  occurred .

O u t of th e  7 in fec tio n s  of in te ra c tio n - ty p e  I I  in  th e  acu te  p a tie n ts  one 
w as a m ild  e n te ritis ; i t  m a y  be supposed  t h a t  a n  in fec tio n  o f o th e r ae tio logy
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o ccu rred  w hich  w as acco m p an ied  o n ly  b y  pseudom onas co lo n iza tio n  ( in te ra c ­
tio n - ty p e  IV ). On adm ission , th e  o th e r  6 p a tie n ts  ex h ib ited  a n o rm a l A h t i t r e  
(n a tu ra l A b-s) aga in st 9—12 d iffe re n t P . aeruginosa  serogroups in c lu d in g  tho se  
w hich  caused  in fection  la te r . M oreover, in  3 o u t o f these  p a tie n ts  a n  increase  
in  t i t r e  ag a in s t o th e r  p seu d o m o n as serogroups responsib le  for ty p e  I  or I I I  in ­
fec tions w as observed . T he cause  o f  th e  lack  o f a specific serological an sw er in 
th e se  6 in fec tions m ay  be assu m ed  from  th e  course o f disease. T he u n d e rly in g  
d iseases as well as th e  in fec tiv e  serog roups d iffered w idely  in  th e se  p a tie n ts . 
A ll th e  6, how ever, su ffered  from  p n eu m o n ia , w hich developed  soon  a fte r  
tra c h e o to m y  d u ring  a rtif ic ia l re sp ira tio n  an d  was ch a rac te rized  b y  fa s t  an d  
v a s t  tissu e  d estru c tio n . I t  m a y  th u s  supposed  th a t  these  p a tie n ts  w ere  exposed  
to  an  u n u su a lly  m assive in fec tio n  w hich , as an  ex trem e  a n tig en ic  a ssa u lt, 
m ay  re su lt  in  th e  depression o f th e  serological response [25—27].

B o th  in acu te  an d  ch ron ic  cases pseudom onas illness d ev e lo p ed  m ain ly  
w hen  th e  p a tie n t had  a low er T A b (an d  a low  or no IgG ) level ag a in s t th e  co lo n ­
izing  s tra in  in  th e  Sj in c o n tra s t  to  t h a t  o f ty p e s  I I I  an d  IV .

A n alyz ing  th e  occurrence  o f  in te ra c tio n -ty p e s  I I I  an d  IV , co rresp o n d in g  
to  l i te ra ry  d a ta  [28, 29] we fo u n d  a co rre la tio n  in th e  acu te  cases b e tw e e n  th e  
co lo n iza tio n  o f P. aeruginosa  a n d  th e  genera l cond ition  o f th e  p a t ie n t .  D u rin g  
a m ild  u n d e rly in g  disease th e  p seu d o m o n ad s  failed  to  colonize; in  m o d e ra te  
u n d e rly in g  disease only a t r a n s ie n t  co lon iza tion  occu rred  (a sing le  p o sitiv e  
c u ltu re ) ; w hereas la te n t in fec tio n  w as observed  only  in  severe or le th a l  u n d e r ly ­
in g  d isease (d a ta  no t show n).

W hen  P. aeruginosa w as p re se n t longer th a n  3 days in  th e  a c u te  p a tie n ts , 
co lon iza tio n  u sua lly  tu rn e d  in to  a su b c lin ica l or m an ifest in fec tio n . A cco rd ing ly , 
P . aeruginosa  p e n e tra te d  th e  m u co cu tan eo u s  b a rrie r  genera lly  in  a few  d ay s.

In  c o n tra s t , all chronic  p a tie n ts  ca rried  co n tin u a lly  p se u d o m o n a d s  an d  
lived  in  peacefu l com m ensalism  w ith  th e m , in  sp ite  o f th e ir  good g en era l co n ­
d itio n . T h e  in te rac tio n s  belonged  m a in ly  to  ty p e  IV ; ty p e  I I I  w as n o t o b serv ed . 
T h is ch an g ed  p a tte rn  of in te ra c tio n - ty p e s  in  chronic p a tie n ts  as c o m p a re d  to  
a c u te  ones m ay  be connected  w ith  th e  e lev a ted  TA h t i t re  and  th e  p resen ce  of 
Ig G  A b-s in 25 ou t of 30 ch ro n ic  S x; m oreover, in  ty p e  IV  th e  av e ra g e  IgG  
level in  S j co rresponded  to  th e  m ean  t i t r e  found  in  S 2 of acu te  p a t ie n ts  w ith  
in te ra c tio n - ty p e  I I I .  In  S 2 o f th e  ch ro n ic  p a tie n ts  th e  ra tio  o f IgG /T A b-s was 
a b o u t tw ice  h ig h er th a n  in  th e  S 2 o f  th e  acu te  p a tie n ts . All th e se  ta l ly  w ith  
th e  increased  IgG  frac tio n  o f  th e  ch ron ic  p a tie n ts  [9], and  re fe r to  a p ro lo n g ed  
an tig e n  s tim u lu s  follow ing a m a n ife s t or subclin ical in fec tion . T h u s , th e  p re ­
sence o f im m u n e-an tib o d ies  in  th e  S j in fluences v e ry  p ro fo u n d ly  th e  re a c tio n  
to  p seu d o m o n as (re-)in fection  a n d  th e  dev e lo p m en t of ty p e  o f in te ra c tio n  in 
m an .

T h e  Sj o f acu te  p a tie n ts  s till free  o f pseudom onas com plica tio n s c o n ta in e d  
on ly  n a tu ra l  an tibod ies (on ly  T A b ~  IgM ) ag a in st P . aeruginosa. H o w ev er,
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6 o u t  o f  74 Sj of th e  a c u te  p a tie n ts  y ielded  Ig G  a n ti-L P S  A b-s, too . H ence, 
a r e c e n t  P. aeruginosa  in fe c tio n  is no t v e rified  b y  th e  m ere presence of low  
t i t r e  Ig G  Ab-s [30], o n ly  th e i r  fourfold  rise o r r a th e r  th e  sim u ltan eo u s increase 
o f  Ig G  an d  IgM Ab-s can  p ro v e  i t :  in  our p a tie n ts , in d e p e n d e n tly  from  clinical 
s y m p to m s  in  each in fe c tio n , th e  specific im m u n e -re a c tio n  com prised  an  IgG  
a n sw e r, too .

T h e  increase o f A b-s in  ty p e  I I I  was less th a n  in  ty p e  I. This seem s to  
in d ic a te  a lower a n tig e n -s tim u lu s  in  sym p to n d ess  cases.

F in a lly , the  close c o rre la tio n  betw een T A b a n d  Ig G  ti tre s  b o th  in  acu te  
a n d  ch ron ic  p a tie n ts  re fe rs  to  a linkage b e tw een  IgM  a n d  IgG  pseudom onas 
a n t i -L P S  Ab p ro d u c tio n  in  m an .
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IMMUNOSEROLOGY OF P S E U D O M O N A S  
A E R U G I N O S A  INFECTIONS IN MAN

II. EFFECT OF NATURAL AND IMMUNE ANTI-LPS ANTIBODIES ON PSEUDOMONAS 
COLONIZATION AND INFECTION

G y . P e t r a s , M á r i a  M .  Á d á m , Б . L á n y i ,

M a r i a n n e  K o n k o l y  T h e g e  a n d  A n n a  S z e n t m i h á l y i

N ational In s titu te  o f  H ygiene , B udapest 

(Received February 1, 1983)

In 39 acute patients of a respiratory unit a comparatively high Pseudomonas aeruginosa  
anti-lipopolysaccharide antibody level present on admission prevented colonization by the 
homologous pseudomonas serogroup. At lower natural antibody titres symptomless coloniza­
tion occurred, and in patients with the lowest initial titres, later P. aeruginosa complications 
developed. A low antibody level also predisposed to pseudomonas infection in 9 chronic pa­
tients. When colonization occurred at high antibody titres, the presence of P. aeruginosa  was 
only transient; however, the titre had no effect on the further duration of harbouring P . aeru­
ginosa. Anti-LPS antibodies may play an important role not only in the outcome of pseudo­
monas infection, but also in other respects of pseudomonas-man interaction.

in  a p rev ious p a p e r [1] we h a v e  show n th a t  in an  acu te  re sp ira to ry  w a rd  
th e  pseudom onas serogroups [2] 0 6  and  O i l  caused  nosocom ial in fec tio n s , 
w hereas in the  chronic  w ard  th e  p a tie n ts  in good gen era l cond ition  h a rb o u re d  
Pseudom onas aeruginosa  c o n tin u a lly , an d  th e  inc idence  o f serogroups 0 6  a n d  
O i l  was lower.

M oderate  t i t re s  of to ta l  (im m une-) an tib o d ie s  (T A b ~ Ig M ) a n d  Ig G  
pseudom onas a n ti-L P S  (im m une-) an tib o d ies  (Ab) seem ed to  p re v e n t th e  d e ­
v e lo p m en t o f p seudom onas illness in  chronic p a tie n ts  [1]. D ifferences in  th e  
an ti-p seu d o m o n as Ah t i tre  in th e  f irs t  sam ples ta k e n  on adm ission  (S t ; n a tu ra l  
Ab-s) o f acu te  p a tie n ts  who show ed  la te r  d iffe ren t ty p e s  o f in te rac tio n  w ith  th e  
m icroorgan ism  [1] suggested  t h a t  th e se  A b-s m ay  also in fluence  th e  d e v e lo p ­
m en t of p seudom onas invasion .

The p re se n t p a p e r deals w ith  th e  effectiveness o f T A b -san d  IgG  A b-s in  
p ro tec tio n  a g a in s t p seudom onas co lon iza tion  an d  illness a n d  w ith  th e  in flu en ce  
o f th ese  Ah-s on th e  d u ra tio n  o f  h a rb o u rin g  P . aeruginosa.

P a tien ts  and m ethods

Data of the 39 acute and 9 chronic patients examined were described in detail in a pre­
vious paper [1]. The acute patients had 66 and the chronic patients had 6 clinical complica­
tions due to P . aeruginosa  with (interaction-type I) or without (interaction-type II) a serological

Győző  P e t r á s , Má r ia  M . Á d á m , B éla  L á n y i, A n n a  Sz e n t m ih á l y i, Ma r ia n n e  K o n k o l y  T h eg e  
N ational In stitu te  o f Hygiene 
H-1966 Budapest, P.O.B. 64, Hungary

4cta Microbiologica Hungarica 31t 1984



102 PETRÁS e t al.

response. In each of these infections the duration of harbouring P . a e r u g in o s a  could be proven 
bacteriologically. In 9 further thrombophlebitis infections a significant rise in both TAb and 
IgG specific Ab-s verified the infection, but the endpoint of the presence of P . a e r u g in o s a  could 
not be determined. Subclinical infection (interaction-type III) or colonization (type IV) could 
be observed 17 times in the acute and 26 times in the chronic patients.

The duration of the presence of P . a e r u g in o s a  in interaction-types I—IV was expressed by 
the period of time between the first and last positive bacteriological cultures. Single isolations 
were classified in group “A” , harbouring periods of 4 to 10 days in group “ B” , and group “ C” 
consisted of cases when pseudomonas had been present for more than 10 days.

For comparison, P .  a e r u g in o s a  anti-LPS Ab-s against 23 sero- and subgroups were deter­
mined in three groups of 50 healthy blood donors each. The methods and statistical analysis 
were the same as decribed formerly [1].

In evaluation the difference (D) of two titre averages was expressed in dilution steps, 
using the formula 2° =  a jb ,  where D is the difference in dilution step, and a  and b are the two 
m ean titres.

R esults
H ea lth y  controls

A s th e  hom ologous average  t i tre s  in  th e  th ree  g roups d id  n o t differ 
s ig n if ic a n tly , d a ta  fo r  th e  150 contro ls w ere  e v a lu a te d  to g e th e r . T A b-s w ere 
p re s e n t  in  th e  basic  1 : 10 d ilu tion  from  3 2 .7 %  (R -s tra in s : fo rm erly  L á n y i’s 
se ro g ro u p  09) to  1 0 0 .0 %  (serogroup  O l l a ,  l i b )  o f th e  sam ples. A g a in s t c e rta in  
se ro - o r subgroups (0 2 a ,  2d , 2e; 0 4 a , 4 b ,; О ба, 6d; 0 9 a ; 0 9 a , 9b ; O l l a ,  l i b )  
t i t r e s  o f  1 : 320 w ere m e asu red  on 14 occasions. M ean t i t r e s  fo r th e  sero- or 
su b g ro u p s  differed w id e ly . T he low est (1 : 6.91) was for R -s tra in s  (fo rm erly  
L á n y i’s serogroup 0 9 ) ,  th e  h ighest (1 : 45 .54) fo r O l la ,  l i b ,  th e  D betw een  
th e m  being  2.7.

IgG  ty p e  A b-s w ere m easu red  in  50 co n tro ls . One sam p le  y ie lded  Ab-s 
in  1 :8 0 , one in 1 : 40 a n d  fo u r in  1 : 10 d ilu tio n . In  these  six  p o sitiv e  sam ples 
th e  hom ologous T A b ( ~  IgM ) titre s  w ere co n sid e rab ly  h ig h er th a n  th e  a v e r­
ag e . I n  th e  m a jo rity  o f  h ig h  TA b ti tre s , h o w ev er, hom ologous Ig G  A b-s were 
u n d e te c ta b le  even a t  th e  s ta r t in g  1 : 10 d ilu tio n .

S , A b  titre am i the developm ent o f  colonization or infection

T A b  titre

A cu te  cases. To h ig h lig h t th e  p ro te c tiv i ty  o f  TA b-s, th e  d a ta  w ere a rran g ed  
in  th re e  groups as fo llow s: (1) titre s  a g a in s t serogroups fo u n d  in  th e  n ea r 
e n v iro n m e n t of th e  p a t ie n ts ,  b u t  n o t co lon iz ing  th e m ; (2) t i t r e s  a g a in s t sero ­
g ro u p s  causing la te r  m a n ife s t in fection  ( in te ra c tio n -ty p es  I  a n d  I I ) ;  (3) t i tre s  
fo r  serog roups co lonizing  th e  p a tie n ts  w ith o u t g iv ing  rise to  c lin ica l sym p to m s 
( ty p e s  I I I  and  IV). T itre  va lu es  of th e  tw o  nosocom ial (0 6 , O i l )  an d  th e  
o th e r  sero- or su b g ro u p s  w ere ev a lu a ted  se p a ra te ly  in  each g roup . M ean ti tre s  
c a lc u la te d  in  th is  w ay  w ere com pared  w ith  th e  m a tch ed  av erag e  t i tre s  of 
h e a l th y  con tro ls: th e  c o n tro l group c o n ta in e d  th e  n o rm al av e rag e  value  
fo r  a serogroup  so m a n y  tim e s  as it  o ccu rred  in  th e  co rrespond ing  group .
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D-s fo r t i t r e  averages in th e  ex am in ed  an d  co n tro l g roups fo r n on - 
nosocom ial s tra in s  in  a d im in ish in g  o rd e r w ere (T ahié I ) :  e n v iro n m e n ta l 
s tra in s  >  in te ra c tio n -ty p e  I I I  p lu s  IV  s tra in s  >  ty p e  I  a n d  I I  s tra in s . F o r  
nosocom ial P . aeruginosa  th e  co rresp o n d in g  o rd e r w as: in te ra c tio n  ty p e  I I I  
p lus IV  s tra in s  >  e n v iro n m en ta l s tra in s  >  in te ra c tio n -ty p e  I  an d  I I  s tra in s .

Table I

Reciprocal o f  in itia l ( S 1) pseudom onas a n ti-L P S  total antibody levels to serogroups 
colonizing and not colonizing in  pa tien ts  w ith  acute or chronic underlying  diseases

Origin of 
P . aeruginosa  

interaction-type*

Param ­
eters

A cute patien ts Chronic patients

Serogroups Serogroups

nosoco­
mial**

non-nosoco-
mial*** to ta l nosoco­

mial
non-nosoco-

mial to ta l

Environment — N 36 58 94 10 36 46
control group X 22.6 20.8 21.4 23.9 18.7 19.7

Vc 232.6 174.2 188.7 179.2 166.7 169.3
Environment — N 36 58 94 10 36 46

patients X 56.6 40.5 46.0 149.3 80.0 91.6
Vc 182.3 189.4 185.2 154.8 163.6 163.5
D 1.33a 0.96b 1.10 2.64 2.10 2.22

Type I und II N 40 35 75 _ 6
control group X 23.3 19.5 21.4 — — 20.8

Vc 183.5 164.3 171.6 — 169.1
Type I and II N 40 35 75 — — 6

patients X 52.8 28.6 39.6 — — 63.5
Vc 171.2 168.4 166.8 — — 187.9
D 1.18C 0.55b 0.89 — 1.61

Type III and IV — N 8 9 17 5 21 26
control group X 23.9 16.1 19.4 22.7 19.5 20.1

Vc 208.9 144.5 178.8 182.5 170.6 173.1
Type III and IV - N 8 9 17 5 21 26

patients X 103.8 27.2 51.1 139.3 91.3 99.0
Vc 168.4 221.0 230.7 131.1 148.7 145.9
D 2.12ca 0.76 1.40 2.62 2.22 2.30

* See “Patients and methods”
** 06  and O il  

*** All except nosocomials
N =  number of titres; x =  mean titre; Vc =  variation coefficient in percent; D =  dif­

ference in dilution step between examined and control groups; a, b, c =  significance level of 
difference between two indexed values: ap =  0.09, bp =  0.09, °p =  0.06; NS =  not signif­
icant
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Chronic cases. D -s be tw een  exam ined  a n d  co n tro l m ean  ti tre s  w ere th e  
sam e  against e n v iro n m e n ta l and  colonizing (ty p e  IV) s tra in s . A verage TA b 
t i t r e s  against nosocom ial an d  non-nosocom ial s tra in s  likew ise show ed no d if­
fe ren ce  (Table I). T h e  D values were, h o w ev e r, low er w hen la te r  a m an ifest 
in fec tio n  (types I a n d  I I )  occurred .

IgG titre

Chronic cases. In  each  of th e  Sj sam p les  of th e  9 p a tie n ts  w ith  ch ron ic  
illn ess , Ab ti tre s  a g a in s t 5—9 colonizing o r en v iro n m en ta l serogroups w ere 
d e te rm in ed  (67 m e a su re m e n ts ) . IgG  ty p e  A b w as ab sen t o n ly  7 tim es in  th e  
s ta r t in g  (1 : 10) d ilu tio n . D uring th e  in v e s tig a tio n  perio d  (tw o and  h a lf  
m o n th s  in th e  ch ro n ic  w ard ) in 3 ou t o f th e se  7 occasions m an ifest in fec tion , 
a n d  in  2 co lon ization  b y  th e  hom ologous se ro g ro u p  occurred .

IgG  titre -g ro u p s  o f  chronic cases a re  co m p ared  in  T ab le  I I  w ith  one 
a n o th e r , as in th e  S , o f  co n tro l cases IgG  A b-s occurred  on ly  occasionally .

Table I I

Reciprocal o f initial ( S x)  pseudomonas anti-LPS IgG titres to serogroups colonizing and not 
colonizing in  patients with chronic underlying diseases

Origin o f 
P . a erug inosa  : 
in teraction-type

param - Serogroups
eters

nosocomial non-nosocomial to ta l

N 8 29 37

X 51.9 30.8 34.4a

E n v iro n m en t Vc 153.5 175.5 172.2

r 0.716 0.514 0.538

p < 0 .05 < 0.01 < 0.001

N 6

X - - 11.2ab

Type 1 an d  11 Vc — — 239.9

r — — 0.815

p — < 0.05

N 5 19 24

X 40.0 29.9 31.8b

Type IV Vc 169.8 191.9 185.6

r 0.913 0.553 0.614

p < 0 .0 5 < 0.02 < 0.01

г =  corre lation  co effic ien t betw een co rresp o n d in g  IgG  and  to ta l  a n tib o d y  (see T ab le  I) 
t i t r e s ;  p  =  significance lev e l o f  r ;  a =  p <  0.02; b  =  p  <  0.05 

F o r o ther a b b re v ia tio n s  see legend to  T ab le  I
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A verage Ab ti tre s  ag a in st e n v iro n m e n ta l a n d  colonizing ( in te ra c tio n - 
ty p e  IV ) s tra in s  were id en tica l. On th e  c o n tra ry , th e  average  IgG  A b t i t r e  in 
S t a g a in s t s tra in s  causing  infection  la te r  ( in te ra c tio n -ty p e s  I an d  I I )  w ere 
s ig n ifican tly  low er.

A close, s ign ifican t co rre la tio n  be tw een  co rresp o n d in g  IgG  an d  TA b 
titre s  ex is ted  in  each g roup .

Table III

Reciprocal o f initial ( S t) pseudomonas anti-LPS total antibody titres to serogroups harboured for 
different periods after taking blood samples by patients with acute and chronic underlying diseases

Acute patien ts Chronic patients

D uration of harbouring 
P . aeruginosa

P aram ­
eters

Serogroups Serogroups

nosoco­
mial*

non-nosoco-
mial** to ta l

nosoco­
mial

non-nosoco-
mial T o tal

A N l 12 19 2 и 13
contro l X 24.9 18.0 20.3 23.9 20.3 20.8
group Vc 122.7 161.8 170.6 131.6 182.7 185.3

A N 7 12 19 2 11 13
single X 88.3 28.3 43.0 160.0 124.4 129.3
isolation Vc 188.0 262.7 238.8 156.0 135.8 136.5

D 1.83 0.65 1.09 2.74 2.61 2.63

в N 13 14 27 3
contro l X 22.5 17.9 19.9 — _ _ _ 17.5
group Vc 125.6 168.4 172.3 — 164.6

в N 13 14 27 — 3
4-10  days X 52.2 26.4 36.6 — 63.5

Vc 152.4 163.6 164.1 — — 124.9
D 1.22 0.56 0.88 - - 1.86

C N 22 15 37 6 10 16
contro l X 23.9 18.9 21.8 23.9 18.4 20.3
group Vc 123.9 173.4 178.2 131.6 179.3 172.1

c N 22 15 37 6 10 16
2> 11 days X 53.1 26.9 40.8 113.1 80.0 91.1

Vc 185.1 167.3 186.0 132.6 167.4 154.1
D 1.15 0.51 0.90 2.24 2.12 2.16

* 0 6  an d  O i l  
** All ex cep t nosocom iale

N  =  n u m b er o f t i tre s ;  x  =  m ean titre ;  Vc =  v a ria tio n  coefficient in p e rcen ts ; D =  d if­
ference in d ilu tio n  step  be tw een  exam ined  and co n tro l g roup
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S , A b  titre and period o f  harbouring P. aeruginosa

T  A b  level

A cu te  cases. A b t i t r e s  in  th e  Sj o f th e  9 th ro m b o p h le b itis  in fec tio n s , in  
w h ic h  d u ra tio n  o f th e  p resen ce  of P. aeruginosa  could n o t be d e te c te d , w ere 
e x c lu d e d  from  ev a lu a tio n . D a ta  of th e  p a t ie n ts  w ere com pared  as p re v io u s ly  
to  t h a t  o f h e a lth y  co n tro ls . T h e  D betw een  S x o f  p a tie n ts  an d  co n tro ls  fo r b o th  
n o so c o m ia l and  n on-nosocom ia l serogroups d im in ished  in th e  o rd e r g roup  
A  >  В  -  C (Table I I I ) .

Chronic cases. T h e  D v a lu e  of g roup  A  su rp assed  th a t  o f g ro u p  В o r C 
(T a b le  I I I ) .

IgG  titres

A s h e a lth y  persons h a d  ra re ly  IgG  ty p e  A b-s, th e y  could  n o t  be  u s e d 'a s  
c o n tro ls , an d  as Sx sam p les  o f acu te  p a tie n ts  y ie lded  only  e x c e p tio n a lly  IgG  
ty p e  A b-s, th e y  coidd n o t  be  ev a lu a ted .

Table IV

Reciprocal o f initial ( 8 г)  pseudomonas anti-LPS IgG titres to serogroups harboured fo r  different 
periods after taking blood samples by patients with chronic underlying diseases

D uration of 
harbouring 

P . aeruginosa

P a r  am- 
eters

Serogroups

nosocomial non-nosocomial to ta l

A N 2 10 12
Single X 40.0 49.3 47.6

isolation Vc 184.4 154.3 154.7
r — 0.561 0.591

p — =0.09 <0.05

В N — — 3
1-10 day? - - 15.9

Vc - - 241.6
r — — 0.822

p — — NS

C N 6 9 15
; > 11 days X 25.2 13.6 17.4

Vc 210.6 226.0 231.6
r 0.839 0.557 0.681

p <0.05 N S <0.01

r  =  corre lation  coefficien t be tw een  co rresp o n d in g  IgG  and to ta l  a n tib o d y  (see T ab le  
i n )  t i t r e s ;  p =  significance o f r

F o r  o th er ab b rev ia tio n s  see legend of T ab le  I I I
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F o r ch ron ic  cases, th e  av e rag e  p eak  t i t r e s  w ere h ig h er in  group A th a n  
in  g roups В a n d  C (T able IV).

A close co rre la tio n  w as fo u n d  be tw een  Ig G  a n d  TA b titre s  in  th e se  
g roups, too .

D iscussion

N a tu ra l A b-s (N A b) a g a in s t G ram -n eg a tiv e  m icroorganism s b e lo n g  
m ain ly  to  th e  IgM  class [3—7]. Sera o f h e a lth y  co n tro ls  and  th e  Sx o f  a c u te  
cases y ielded  besides IgM  low t i t r e  a n ti-p se u d o m o n a s  IgG  Ah-s only in  1 0 % . 
T hus, Ab-s d e te c te d  in S x of th e  a c u te  p a tie n ts  ta k e n  before  th e  d ev e lo p m en t 
o f P . aeruginosa  in fec tion , are n a tu ra l  an tib o d ie s  (N A b).

On th e  c o n tra ry , in  ch ron ic  p a tie n ts  h a rb o u rin g  co n tinuously  d iffe re n t 
c ircu la tin g  pseu d o m o n as serog roups, th e  e lev a ted  T A b ti t re s  an d  th e  p resen ce  
of IgG  Ab-s a t  le a s t in  1 : 10 d ilu tio n  [1] co rresp o n d ed  to  im m une-A b-s.

A poor gen era l co n d ition  increases th e  ad h esio n  o f  P . aeruginosa to  e p i th e ­
lia l cells [8—10]. T h is could  h av e  p ro m o te d  p seu d o m o n as  co lonization  in  th e  
acu te  p a tie n ts . A cu te  cases w ith  h igh  N A b level in  th e ir  S x rem ained , h o w ev er, 
free from  in fec tio n s w ith  hom ologous, non -nosocom ial P . aeruginosa  se ro g ro u p s. 
In  o th e r  cases, w ith  low er N A b t i tre s , co lo n iza tio n  o ccu rred , b u t no c lin ica l 
sy m p to m s ap p e a re d  ( in te ra c tio n -ty p es  I I I  an d  IV ). S till less N Ab-s p red isp o sed  
to  pseudom onas illness due to  non -nosocom ia l sero g ro u p s ( in te ra c tio n -ty p es  
I  an d  II) . In fec tio n s  b y  nosocom ial s tra in s  u su a lly  d id  n o t occur from  th e  e n ­
v iro n m e n t b u t  w ere assoc ia ted  w ith  in s tru m e n ta l in te rv e n tio n s  [1 ]; a h ig h e r 
N A b level h e lp ed  to  avo id  p seudom onas illness, b u t  w ith  a low t i tre  p se u d o ­
m onas co m p lica tio n s developed . A ccord ing ly , co lo n iza tio n  an d  invasio n  b y  
P. aeruginosa  w ere m odified  b y  th e  p a t ie n t ’s N A b level.

In  th e  ch ro n ic  cases low  T A b ti tre s  (w ith o u t IgG  Ab-s) also fa iled  to  
p re v e n t in fec tio n . O n th e  o th e r h a n d , h ig h er T A b a n d  Ig G  titre s  ag a in s t la te r  
colonizing or n o t colonizing serog roups w ere u su a lly  un ifo rm . This in d ic a te s  
th a t  an  e lev a ted  im m une  a n ti-L P S  A b level in d u ced  v e ry  likely  b y  fo rm er 
p seudom onas in fec tio n s [1] no lo n g er in flu en ced  th e  co lon ization  of P. aeru­
ginosa. In  such  a s itu a tio n , th e  co lo n iza tio n  m a y  d ep en d  ra th e r  on p e rs is tin g  
an ti-p ilu s  A b-s [10], b locking  A b-s a g a in s t a n ti-L P S  A b-s [11] o rn o n  a g g lu ­
t in a tin g  A b-s, w hich  develop a few  w eeks or m o n th s  a f te r  in fection  [12].

T he re la tio n  b e tw een  a n ti-L P S  A b t i t r e  a n d  th e  d u ra tio n  of h a rb o u rin g  
P . aeruginosa  w as m ore sim ple: in  all g roups (a c u te  a n d  chronic cases, T A b 
an d  IgG  level, nosocom ial an d  n on-nosocom ia l s tra in s )  a high av erag e  Ah 
t i t r e  in  Sj re su lte d  la te r  in  b rie f  (g roup  A) co lo n iza tio n . T he in itia l Ah level h a d , 
how ever, no fu r th e r  in fluence  on th e  presence  o f  P . aeruginosa, as th e  D -s or 
average  t i tre s  d id  n o t differ in  g roups В a n d  C.
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I t  is q u es tio n ab le  w h e th e r th e  in flu e n c e  o f an ti-L P S  A b-s on th e  d u ra tio n  
o f  co lo n iza tio n  or th e  d evelopm en t o f in fe c tio n  was th e  re su lt o f  a d irec t or 
a n  in d ire c t effect. T h e  p ro tec tiv e  c a p a c ity  o f  h u m a n  g am m a-g lobu lin  in  p seu ­
d o m o n a s  in fec tio n  [13—16] su p p o rts  th e  fo rm er possib ility . T h e  b a c te ric id a l 
a c t io n  o f IgM  ty p e  N A b-s on co m p lem en t sen sitiv e  G ram -nega tive  m ic ro o rg an ­
ism s [17, 18] is also a d irec t effect. N ev e rth e le ss , since th e  N A b level is asso­
c ia te d  w ith  im m u n e -re a c tiv ity  [3, 19], a h igh  Ah t i tre  m ig h t m ere ly  in d ica te  
th e  g re a te r  a b ility  o f  th e  im m u n e-sy stem  to  p re v e n t p seudom onas co lon iza tion  
o r  in fe c tio n  [20].

F in a lly , i t  sh o u ld  be em phasized  t h a t  th e  resu lts  p re sen ted  are  o n ly  s ta ­
t is t ic a l  re la tio n s. In d iv id u a lly , a n u m b e r  o f  d ifferen t fac to rs  (v iru lence  of 
P . aeruginosa , m assiveness of in fec tio n , r e a c tiv i ty  of th e  im m u n e-sy s tem , etc .) 
w ill d e te rm in e  besides an ti-L P S  A b-s th e  ty p e  o f in te rac tio n  b e tw een  h o s t an d  
b a c te r iu m .

Acknowledgem ent. W e are in deb ted  to  D r. A. K á ta y  la te  d irec to r o f L ászló  H o sp ita l for 
In fe c tio u s  D iseases, fo r k ind  perm ission to  sam p lin g .
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IMMUNOSEROLOGY OF P S E U D O M O N A S  
A E R U G I N O S A  INFECTIONS IN MAN

I I I .  S IT E  O F IN F E C T IO N , D U R A T IO N  O F  T H E  P R E S E N C E  O F P S E U D O M O N A S  
A E R U G IN O S A  A N D  A N T IB O D Y  R E S P O N S E

G y . P e t r a s , M á r i a  M .  Á d á m , В. L á n y i ,

M a r i a n n e  K o n k o l y  T h e g e  a n d  A n n a  S z e n t m i h á l y i

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

(R eceived F e b ru a ry  1, 1983)

In  39 p a tie n ts  o f a re sp ira to ry  in ten siv e  care u n it  th e  in te n s ity  o f th e  serological r e ­
sponse to  the  p u rified  L P S  of th e  cau sa tiv e  Pseudom onas aeruginosa  was found  to change  ac ­
cord ing  to th e  site  o f in fec tion . The h ig h est t itre s  were fo u n d  in sep tic  cases, w hen th e  an tig en ic  
a ssau lt reached  all th e  im m u n e-co m p eten t cells in th e  bo d y . S h o rt presence (only one p o sitiv e  
bacterio logical c u ltu re )  o f P. aeruginosa a t  th e  site o f in fla m m a tio n  resu lted  in a low or m o d e ­
ra te  rise in a n tib o d y  t i t r e .  T en days w ere enough  for th e  d ev elo p m en t o f a m ax im um  to ta l  a n t i ­
b o d y  ( ^  IgM ) response , while IgG  ty p e  an tib o d ies  m o d e ra te ly  grew  fu r th e r  w hen th e  p resence  
of P. aeruginosa  la s te d  m ore th a n  10 d ays. O nly a 16-fold increase  in to ta l an tibod ies p e r se o r a 
4-fold rise in b o th  to ta l  ( ~  IgM ) and IgG  an tib o d ies  confirm ed  th e  pseudom onas in fection .

In  sp ite  o f th e  decisive ro le of p seu d o m o n as a n ti-L P S  an tib o d ies  (A b) 
in  the  in te ra c tio n s  o f  h ost an d  m icroo rgan ism  [1, 2], d a ta  on fac to rs in f lu e n c ­
ing  th e  p ro d u c tio n  o f these  Ab-s in  m an  are  r a th e r  in com ple te . As th e  s ite  o f 
in fec tio n  an d  th e  d u ra tio n  of h a rb o u rin g  th e  m icroo rgan ism  v a ry  v id e ly  in 
pseudom onas in fec tio n s , th e  connec tion  b e tw een  th e se  fac to rs  an d  th e  se ro log ­
ica l response w as in v es tig a ted .

P a tien ts  and  m ethods

In  th e  re sp ira to ry  in tensive  care  u n it o f th e  L ászló C entra l H osp ita l for In fec tio u s  
D iseases, B u d ap es t, 39 p a tie n ts  w ith  acu te  illness w ere in v es tig a te d . T heir und erly in g  d isease, 
th e  bacterio logical su rv e illance , passive lia em ag g lu tin a tio n  ex p erim en ts  to  d e te rm in e  to ta l  
a n tib o d y  (TAb; ~  IgM ) an d  IgG  level, e tc . have  been described  in d e ta il in a p rev ious p a p e r  [3]. 
T he positive serological response of these  p a tie n ts  w as ev a lu a te d  in 68 m an ifest ( in te rac tio n -  
ty p e  I of host and  b a c te r iu m  [3]) and 5 subclin ical ( in te ra c tio n -ty p e  I I I  [3J) p seu d o m o n as in ­
fections. The m an ifes t in fections were: 7 trac h eo b ro n c h itis , 23 pn eu m o n ia , 10 u r in a ry  t r a c t  
in fec tions, 16 th ro m b o p h le b itis , 8 rh in itis  by  naso g astric  tu b e ,  1 e n te ritis , 1 bedsore, 1 in je c tio n  
abscess and  1 p e rito n itis . Mild were 13, m o d era te  23, severe  (sep tic  s ta te )  16, and  fa ta l 16 cases. 
A defin ition  of th e  g rad es o f severity  h as been given in th e  fo rm er p a p e r [3 ]. In  subclin ical in ­
fections P. aeruginosa  colonized the  sk in , ear, nose or trac h ea .

Infec tions w ere g rouped  besides th e  site  o f com p lica tio n  acco rd ing  to  the  period  of p re s ­
ence of P. aeruginosa  as follows: group “ A ” =  only one po sitiv e  cu ltu re ; group  “ B ”  — h a rb o u r ­
ing  P. aeruginosa fo r 4 to  10 days (tw o or m ore p o sitive  bacterio log ica l sam ples); g ro u p  “ C”

Győző  P e t r a s , Ma r ia  M. Á d á m , B éla  Lá n y i, Ma r ia n n e  K o n k o ly  T h e g e , A n n a  Sz e n t m ih á l y i
N ational Institu te  of H ygiene
H -1966 Budapéet, P.O.B. 64, H ungary
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=  p se u d o m o n as  h a rb o u rin g  fo r m ore  th a n  10 d ay s . I n  9 th ro m b o p h leb itis  in fec tio n s th e  d u ra ­
t io n  o f  th e  presence o f P . aeruginosa  could  n o t b e  d e te rm in ed ; these  in fec tions h a v e  n o t  been 
e v a lu a te d .

M a th em a tica l-s ta tis tic a l analysis w as done as p rev io u sly  [3]. The^difference (D ) betw een  
tw o  t i t r e  averages w as ex p ressed  in  d ilu tio n -step s u sin g  th e  fo rm ula  2U =  a/b, w here  a and  b 
a re  th e  tw o  m ean  titre s .

R esults

A b  titres in  68 m anifest (typ e  I )  and 5 subclin ical (type  I I I )  pseudom onas  
in fec tions

T A b  level

A verage Ab t i t r e s  a g a in s t th e  in fec tio n -cau s in g  s tra in  in  th e  f ir s t  b lood 
sa m p le s  (Sj) ta k e n  on  ad m ission  an d  t h a t  o f  th e  p eak  ti t re s  (S ,) in  d iffe ren t 
in fe c tio n s  are show n in  T ab le  I.

D  value between and  S 2 (3.71) in  p seu d o m o n as com plica tio n s ( in te ra c ­
t io n - ty p e  I) was s ig n if ic a n tly  h ig h er (p <7 0.02) th a n  in  subclin ica l in fec tions 
( in te ra c tio n - ty p e  I I I ;  D 2.40).

D  values decreased in  the fo llow ing  order : D th ro m b o p h leb itis  >  u ro g en ­
i t a l  in fec tio n  >  p n eu m o n ia  >  o th e r in fec tio n s  of in te ra c tio n -ty p e  I  >  b ro n ­
c h itis  >  subclin ical in fec tio n s.

D  in  throm bophlebitis and urinary  tract infections  su rp assed  s ig n ifican tly  
t h a t  in  o th e r co m p lica tio n s excep t p n e u m o n ia . T here was a s ig n if ic a n t d iffer­
en ce  in  D values b e tw een  p n eu m o n ia  a n d  b ro n ch itis , too.

IgG level

IgG  Ah w as d e te c ta b le  on ly  in 4 o f  th e  S ^s in th e  f ir s t  d ilu tio n  step  
(1 : 10). T herefore, av e rag e  t i tre s  for S j-s w ere ta k e n  u n ifo rm ly  as 1 : 5, an d  
th e  rise  in  th e  t i t re s  w as co m p ared  to  th is  v a lu e  (Tahié I I ) .

IgG response in  m anifest ( type I )  in fections  w as s ig n if ic a n tly  h igher 
(p < [ 0.05) th a n  in  subclin ica l (ty p e  I I I )  in fec tions.

D -s d im in ished  in a sim ila r  order than in  the case o fT A b -s  : D th ro m b o p h le ­
b it is  >  u rin a ry  t r a c t  in fec tio n  >  p n eu m o n ia  >  b ro n ch itis  >  sub c lin ica l in ­
fe c tio n s  >  o th e r in fec tio n s  of ty p e  I.

The average S 2-titre in  throm bophlebitis su rpassed  (in th e  m a jo r ity  sig­
n if ic a n tly )  th a t  o f o th e r  com plica tions.

A  close, s ig n ifica n t correlation existed  between the corresponding T A b  
I g M )  and IgG titres, ex cep t in  subclin ica l in fections an d  “ o th e r”  in fec tions 

o f  ty p e  I.
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Table I

Changes in  a n ti-L P S  total antibody litre during  infection w ith  P . aeruginosa according to host- 
bacterium interaction-type and site o f  infection

In teraction- P . aeruginosa Serum No. of A verage Variation
p/Dtype* illness sample samples titres coefficient, %

B ronchitis S i 7 48.76 136.4 a,

s2 7 262.51 137.6 bb,

0 2.43 ccc

1» < 0.01

s, 23 47.93 167.5

Pneum onia s2 23 550.48 148.5 a ,

D 3.52 d

P < 0.001

I U rinary s, 10 37.32 214.3

tra c t s2 10 640.0 152.2 bb ,

infection D 4.10 e,

P < 0.001 f

Throm bophlebitis** S i 17 43.40 148.1 ccc,

s2 17 1280.0 141.0 d,
D 4.88 ggg>

P < 0.001 h h h

O thers S i 11 25.73 236.1

s 2 11 170.41 160.0 e,

D 2.73 g g g

P < 0.01

III O thers s, 5 69.64 163.3

S , 5 367.58 125.4 f ,

D 2.40 hhh

P =  0.02
-

* I =  Clinical sy m p to m s w ith  a n tib o d y  p ro d u c tio n ; III =  sy m p to m less  rise in a n tib o d y
titre

** an d  in jec tio n  abscess
Sj =  se ru m  sam ple  ta k e n  on adm ission ; S 2 =  serum  sam p le  y ield ing  peak  a n tib o d y  

titre ; D =  d ifference be tw een  m ean  t i t r e s  in  d ilu tion  s tep ; p =  significance of d ifference 
betw een  m ean  titre s ;  p /D  =  significance in  D betw een g ro u p s m ark e d  by th e  sam e le t te r :  
a. d , e, f  =  p <  0.05; bb  =  p <  0.01; ccc. ggg, h h h  =  p  <  0.001

3 Acta Microbiologica Uungarico 31. 19R4
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Table II

C hanges in  a n ti-L P S  IgG titre during  infection w ith P . aeruginosa according to host—bacterium
interaction-type and  site o f  infection

In te rac tio n - P . a e ru g in o sa Serum No. of Average V ariation
p/s,ty p e  illness sample samples titres coefficient, %

B ronchitis S t 7 < 5 .0 —

s 2 7 44.16 176.3 a

D > 3 .1 4

r 0.929

p /r < 0.01

Pneum onia S t 19 < 5 .0 —

s 2 19 51.64 166.3 b

D > 3 .3 7 C

r 0.546

p /r < 0.02

I U rinary s , 9 < 5 .0 —

trac t s 2 9 68.58 206.5 d

infection D > 3 .7 8

r 0.695

p /r < 0 .05

T hrom bophlebitis* S , 15 < 5 .0 — a,

s . 15 105.56 201.5 b,

D > 4 .4 0 eee,

r 0.715 ff

p /r < 0.01

S t 8 < 5 .0 —

s , 8 23.78 142.5 c;

Others D > 2 .2 5 d,

r 0.664 eee

p /r =  0.08

III Others S t 4 < 5 .0 —

s 2 4 33.64 125.5

D > 2 .7 5 ff

r 0.133

p /r NS

* a n d  in jec tion  abscess; r  =  co rre la tio n  coefficien t; p /r  =  significance l im it  o f r; p /S 2 =  
=  s ig n ifican ce  of D b e tw een  S 2 m ean  t it re s

F o r  o th er ab b rev ia tio n s  see legend  o f T ab le  I
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Table III
Increase in  a n ti-L P S  total antibody titre to environm ental and infection-causing P. aeruginosa  

serogroups according to the duration o f  harbouring P . aeruginosa

Duration o f Serum 
harbouring sample 

P. aeruginosa

P aram ­
eters

Nosocomial 
stra ins*

Non-nosocomial
strains** Total

N 36 58 94

S i X 56.6 40.5 46.0

Vc 182.3 189.4 185.2

0 N 36 58 94
E n v ironm en t X 279.7 191.5 221.3

s . . Vc 141.5 160.7 154.5
D 2.31 2.24 2.27

P < 0.001 < 0.001 < 0.001

N 2 4 6

S, X 28.3 28.3 28.3

Vc — 270.0 219.2

A N 2 4 6
One positive sam ple X 160.0 226.3 201.6

s 2 Vc 156.0 166.5 157.3

D 2.50 3.0 2.83

P NS = 0.02

N 11 12 23

S, X 51.5 26.7 36.5

Vc 145.4 169.3 162.9

и N 11 12 23

4-10  days S 2 X 773.2 359.2 518.3

Vc 130.3 153.7 145.2

D 3.91 3.75 3.83

P < 0.001 < 0.001 < 0.001

N 22 13 35

S , X 53.1 29.1 42.5

Vc 231.5 164.5 183.2

c N 22 13 35

11 days X 681.6 356.0 535.5

Sj Vc 147.9 192.5 164.6

D 3.68 3.62 3.66

P <0.001 < 0.001 < 0.001

* 0 6  and  O i l
** All serog roups ex cep t nosocom ials

Sj =  serum  sam ple  ta k e n  on adm ission ; S 2 == serum  sam ple  y ielding p eak  a n tib o d y  
t i t r e ;  N  =  n u m b er o f an tib o d y  tit re s ;  x  =  m ean  t itre ;  V c =  v a r ia tio n  coefficient, p e rce n ts ; 
D =  difference b e tw een  m ean  t i t r e s ;  p =  significance of d ifference  be tw een  S 2 m ean  t i t r e s ;  
NS =  n o t s ign ifican t
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D u ra tio n  o f  the presence o f  P . aeruginosa and  A b  response in  59 m an ifest (  type I  )  
a n d  in  5 subclinical ( ty p e  I I I )  infections

T A b  level

S r and  S 2 titres to  s tra in s  cu ltu re d  o n ly  from  th e  e n v iro n m e n t o f  a given 
p a t i e n t  served as c o n tro ls . T he m ean  t i t r e s  fo r th ese  s tra in s  in c rea sed  b y  2.27 
d ilu t io n  steps (D) d u rin g  th e  in fec tious process (Table I I I ) .  T h e  rise  for th e  
n o so co m ia l (0 6 , O i l ;  [3]) an d  non-no so co m ia l serogroups w as eq u a l.

The increase in  the m ean titre o f  serogroups belonging to group  iiA ,’> (only 
o n e  p o s itiv e  cu ltu re ) w as on ly  b y  a h a lf  d ilu tio n  step  h igher th a n  th a t  of en ­
v iro n m e n ta l s tra in s .

I n  group  “ B ”  and  “ C ”  (h a rb o u rin g  P . aeruginosa  from  4 to  10 days, or 
lo n g e r)  th e  D was 1.5 d ilu tio n  steps h ig h e r th a n  in  th e  con tro l g ro u p  (env iron ­
m e n ta l  s tra in s). T he D v a lu e  in g roup  “ C”  co rresponded  to  th a t  o f  g roup  “ B ” .

Table IV

P ea k  a n ti-L P S  IgG titres to infection-causing P . aeruginosa serogroups according to the duration
o f  harbouring P . aeruginosa

D uration of 
harbouring 

P. a eru g in o sa

P aram ­
eters

Nosocomial
strains*

Non-nosocomial
strains** T otal

A N 2 l 3
One positive X — — 20.0

sample Vc — — 131.9

N 8 9 17
В X 47.6 43.2 45.2

4-10 days Vc 177.5 167.3 171.4
Г 0.910 0.974 0.806

p /r < 0.01 < 0.001 < 0.001

N 21 12 33

C X 91.3 42.4 69.1
;>  11 days Vc 166.2 270.1 185.2

p =  0.06 NS =  0.10
г 0.557 0.768 0.664

P / r < 0.01 < 0.01 < 0.001

* 0 6  and O i l
** A ll serogroups e x ce p t nosocom ials

r  =  corre lation  b e tw een  IgG  an d  co rresp o n d in g  to ta l  an tib o d y  tit re s ;  p /r  =  significance 
lim it o f  r ;  p  =  significance o f d ifference be tw een  m e a n  t it re s  o f groups В an d  C 

F o r  o ther ab b rev ia tio n s , see legend o f T ab le  I I I
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IgG level

P e a k  ti tre s  w ere com pared  s ta tis t ic a lly  w ith  each  o th e r, as th e  Ab 
t i t r e s  in  Sj-s could  n o t lie d e te rm in ed .

Presence o f  P . aeruginosa  fo r m ore  th a n  10 day s a t  th e  s ite  o f in fec tio n  
in c rea sed  th e  IgG  t i t r e s  fu rth e r; m ean  ti t re s  o f g roup  “ C”  w ere s ig n ifican tly  
h ig h e r th a n  th e  av e rag e  values in  g ro u p  “ B ”  (T ahié IV ). T he d ifference w as 
m a in ly  due to  th e  ch an g e  in  t i t re  to  nosocom ial serogroups.

R atio  o f  IgG /T A b -s  was h ig h er in  th e  S 2 o f g roup  “ C”  th a n  o f g roup  “ B ”  
(d a ta  n o t show n). T he d ifference w as m ore exp ressed  in  th e  nosocom ial se ro ­
g ro u p s.

B o th  in g roup  “ B ”  and  “ C”  a closed, s ig n if ican t co rre la tio n  ex is ted  
b e tw een  th e  co rresp o n d in g  TAb a n d  IgG  titre s .

D iscussion

D espite  th e  ch an g ed  re a c tiv ity  o f  c ircu la tin g  h u m a n  b lood  ly m p h o cy tes  
to  th e  L PS  of th e  in fec tio n -cau sin g  P . aeruginosa  se rog roup  [4], a n ti-L P S  
A b-s are produced  in  th e  ly m p h  o rg an s  [5, 6]. A n im al ex p e rim en ts  h av e  re ­
v ea led  th a t  p seu d o m o n as a n ti-L P S  A h p ro d u c tio n  is less w hen  a t  d iffe ren t 
s ites th e  an tigen ic  s tim u lu s  is l im ite d  to  th e  reg ional ly m p h  nodes [7—10]. 
T he sam e m echan ism  h as been su p p o sed  to  occur in  o u r p a tie n ts  w ith  lo ca l­
ized  in fections (in fec ted  d ecub itu s, rh in itis  b y  n aso g astric  tu b e , b ro n ch itis , 
e tc .) . As p lasm a cells p ro d u ce  Ah in  eq u a l q u a n titie s  [11], in  p a th o lo g ica l p ro ­
cesses connected  m o s tly  w ith  sepsis (th ro m b o p h le b itis , u r in a ry  t r a c t  in fec tio n , 
p n eu m o n ia ), th e  p e a k  A b titre s  w ere  s ig n ifican tly  h ig h er, due  p ro b a b ly  to  an 
an tig en ic  assau lt rea c h in g  all th e  im m u n e  c o m p e te n t cells in  th e  body .

As regards th e  o rd e r of decreasing  serological re sponse  accord ing  to  th e  
lo ca liza tio n  of p seu d o m o n as in fec tions, our f in d in g s co rresp o n d  to  th o se  o b ­
ta in e d  b y  agar-gel p re c ip ita tio n  [12].

T he association  betw een  th e  d u ra tio n  o f an tig en ic  s tim u lu s  an d  th e  in ­
te n s i ty  o f serological response o ffered  a p o ssib ility  to  v e rify  th e  c rite r ia  of 
P . aeruginosa  in fec tio n  described  in  a jn eceed in g  p a p e r  [3]. In  th e  case o f only  
one po sitiv e  bac te rio lo g ica l c u ltu re  accom pan ied  b y  clin ical sy m p to m s of 
in fec tio n , th e  rise in  m ean  TAb t i t r e s  to  th e  colonizing serog roups w as n ea rly  
th e  sam e as th a t  to  th e  serogroups fo u n d  on ly  in  th e  e n v iro n m e n t (7-fold and 
5-fold , respective ly ). As in  certa in  p a tie n ts  to  e n v iro n m e n ta l serogroups even 
8-fold increases in  T A b ti tre s  occu rred , th e  T A b t i t re  ( IgM ) p er se v e r i­
fies a pseudom onas in fec tio n  on ly  a t  a 16-fold rise.

O n th e  c o n tra ry , th e re  was a m a rk e d  d ifference in  IgG  Ab ti t re s  to  se ro ­
g ro u p s in  the  en v iro n m e n t and  causing  tra n s ie n t in fec tio n s (one p o sitive  b ac te -
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rio lo g ica l sam ple). I n  th e  fo rm er case, th e re  w as no d e te c ta b le  Ig G  A b ti t re , 
w h ile  to  in fec tio n -cau sin g  s tra in s  (clinical signs o f in fla m m a tio n  a t  th e  site  of 
p seu d o m o n as  co lon iza tion ) specific  Ig G  A b-s ap p ea red  a t  le a s t in  1 : 10 d ilu ­
t io n  in  every  in s ta n c e , even  in  m ild  in fec tions. A ccord ing ly , a four-fo ld  rise in 
T A b  t i t r e  w ith  th e  ap p ea ren ce  o f  Ig G  A b-s in  1 : 10 d ilu tio n  (or a four-fo ld  
in c re a se  in  b o th  T A b a n d  Ig G  A b-s) is in d ic a tiv e  o f  p seu d o m o n as in fec tion .

T he m odera te  sero logical response  to  a b rie f  h a rb o u rin g  o f P. aeruginosa  
r e fe r re d  to  a w eak  a n tig en ic  s tim u lu s .

The presence o f  P . aeruginosa  a t  th e  s ite  o f in fla m m a tio n  for te n  days 
w as su ffic ien t fo r th e  d ev e lo p m en t of a m ax im u m  Ab response  in  T A b-s: 
f u r th e r  exposure to  th e  m icro o rg an ism  d id  n o t in fluence  th e  in te n s ity  of th e  
T A b  answ er.

On th e  o th e r  h a n d , th e  p resence  o f P. aeruginosa  fo r m ore  th a n  10 days 
re s u lte d  in  a h ig h e r av e rag e  Ig G  p eak  t i t r e ,  how ever, b o rd e rin g  on ly  th e  
m a th e m a tic a l s ign ificance . T his ta llies w ith  th e  h igher IgG  : TA b ra tio  in 
g ro u p  “ C” , an d  agrees w ith  th e  e lev a ted  Ig G  titre s  in  ch ron ic , b ed rid d en  
p a t ie n ts  h a rb o u rin g  P . aeruginosa  c o n tin u o u sly  [3].

The u su a lly  s ig n ifican t co rre la tio n s  b e tw een  co rresp o n d in g  IgG  an d  
T A b  ( ~  IgM) t i t r e s  co n firm ed  o u r fo rm er a ssu m p tio n  [3, 13] o f th e  close 
c o rre la tio n  b e tw een  th e  p ro d u c tio n  of th e se  tw o  Ab-s.

The resu lts  p re se n te d  shou ld  be ta k e n  in to  co n sid e ra tio n  in  h u m a n  v a c ­
c in a tio n  tria ls.
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A c ta  M ic ro b io lo g ic a  I l u n g a r i c a  3 1 ( 2 ) ,  p p .  1 1 7 — 1 2 5  ( 1 9 8 4 )

E S C H E R I C H I A  C O L I  COL Y PLASMIDS A N D  
THEIR ROLE IN PATHOGENICITY*
H e d d a  M i l c h , S. N i k o l n i k o v  and É va  C z ir ó k

N a t io n a l  I n s t i t u t e  o f  H y g ie n e , B u d a p e s t  

(R eceived  F e b ru a ry  18, 1983)

O u t o f 1474 E s c h e r ic h ia  co li s tra in s  belonging to  70 se ro g ro u p s a n d  247 serologically  no t 
iden tified  ones, colicin V p rod u cers  w ere found  in serogroups 0 7 8 , 0 1 , 0 7 , 0 1 8  and  also am ong  
th e  n o t id en tified  stra in s . T he m olecu lar w eigh t o f Col V I p lasm id  fro m  th e  s ta n d a rd  s tra in  was 
70 M dal. T he Col V p lasm ids carried  by  E .  c o li 0 7 8  stra in s  iso la ted  fro m  a h o sp ita l o u tb re a k  
in H u n g a ry  h ad  a m olecu lar w eigh t o f 78 M dal and  also 78 M dal was th e  m olecular w eigh t o f  th e  
Col V p lasm id  carried  b y  R iv ie r’s s tra in  (designated  23), w hich h ad  caused  m ening itis in  S w it­
zerland . T he m olecular w eigh t o f  Col V p lasm ids of 0 1 :  K l ,  0 2 1 , 0161 and  serologically  
n o t id en tified  E .  co li stra in s  iso la ted  fro m  sporadic  cases was of 94 to  119 M dal. In  th e  case of 
th re e  s tra in s  th e  increase o f LD -0 v a lues, w hich m eans th e  decrease o f v iru lence, re su lted  in  th e  
loss o f colicin V p ro d u c tio n  and th e  loss o f Col V plasm id. I t  w as d e m o n s tra ted  by  in tro d u c tio n  
of a tran sp o so n , in ac tiv a tin g  colicin V p ro d u c tio n , in to  a wild ty p e  E .  co li s tra in  th a t  th e  p ro ­
d u c tio n  o f colicin was n o t essential for th e  increase o f v iru lence  co n tro lled  by Col V p lasm id . 
In  th e  case of one s tra in  th e  loss o f b o th  R  an d  Col V p lasm id  re su lte d  in a  decrease o f v iru lence. 
No p lasm id  o th er th a n  R  and  Col V w as carried  b y  th is s tra in . T he v iru lence d e te rm in in g  gene 
could  be e lim inated  to g e th e r w ith  b o th  p lasm ids, w hich m eans th a t  th is  gene could be a tta c h e d  
eq u ally  to  Col V and  R p lasm id.

S m ith  [1 1 in 1974 observed  th a t  in ex p erim en ta l an im als  Escherichia coli 
s tra in s  caused  a h ig h er n u m b e r o f  sepsis a fte r a c q u is itio n  o f Col V p lasm id  an d  
th e  p a th o g en ic ity  decreased  a f te r  e lim in a tio n  o f Col V p lasm id . S m ith  a n d  H u g ­
gins [2] th e n  rep o rted  on a s ig n ifican t co rre la tio n  b e tw een  Col V p lasm id  c a r ­
r ie r  s ta te  of E . coli and  its sep ticaem ic  effect in ch ickens a n d  calves.

K arlier we have  found th a t  E . coli 0 7 8  s tra in s  cau sin g  m ening itis  an d  
sepsis in  new born  in fa n ts  w ere p ro d u c in g  colicin V. T he 0 7 8  s tra in s  iso la te d  
from  sporad ic  cases o f e n te ritis  o r h e a lth y  carrie rs  (nu rseries) were n o t colici- 
nogenic  or were ch a ra c te riz e d  b y  o th e r ty p es  o f  colicin . E . coli s tra in s  
o b ta in e d  from  a h o sp ita l o u tb re a k  show ed s ig n ifican tly  low er L D 50 v a lu es  for 
m ice th a n  d id  th e  Col V non  p ro d u ce rs  [3].

In  th e  p re sen t ex am in a tio n s  Col Y p lasm ids k n o w n  from  th e  l i te ra tu re  
an d  iso la ted  in H u n g a ry  w ere co m p ared  on th e  basis o f tra n s fe ra b ili ty  a n d  mo-

H e d d a  M il c h , Se r g e i N ik o l n ik o v , É va Cz ir ó k  
N ational In s titu te  of Hygiene 
H -I966 B udapest, P .O .B. 64, Hungary

* T his w ork was carried  o u t w ith in  the  scope of N o. 07/6 — 10/017 “ G enetic  an d  
M olecular Biologic C h a rac te riza tio n  of E pidem io log ically , E conom ica lly  and  C lin ically  Im ­
p o r ta n t  B acteria l P lasm id s”  research  program m e of th e  M in istry  of H e a lth , H u n g a ry .
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le c u la r  w eight. The in te n t io n  w as to  ap p ly  a m olecu lar an a ly s is  fo r p lasm id  
ep idem io logy .

T h e  s tra in s w ere e x a m in e d  also for m ouse p a th o g e n ic ity  befo re  an d  a fte r 
p la s m id  curing an d  th e n  co n tro lled  by  e lec trophoresis .

M aterials an d  m ethods

S tr a in s .  A to ta l  o f 1721 E .  c o li stra in s  o rig in a tin g  from  d ifferen t c lin ical cases and  from  
d if fe re n t  hospitals in th e  p e rio d  J a n u a ry ,  1980 to  M arch , 1982, w ere ex am in ed  fo r serological 
a n d  colicinogenic p ro p e rties .

T he following s tra in s  w ere  for d e te rm in a tio n  o f m olecu lar w eigh t o f p lasm ids: w ild-type 
E .  c o l i  s tra in s  isolated in  H u n g a ry  R 981, R789, R 1528 (0 7 8 ); 8/1, (0 9 ); 465/81 (O 161); 121/82 
(0 2 1 ) ;  128/82 (0 1 : K l) .  278/82 (0 1  : K l) ;  287/82 (0 1 :  K l) ;  and E .  c o li 23 (0 7 8 )  received from  
R iv ie r  [4]; Col V I CA7S, rece iv ed  from  F rédéricq  [5]. Col V and  R  p lasm id  tran s fe ra b ility  was 
e x a m in e d  in 30 a n tib io tic  r e s is ta n t  s tra in s  carry in g  Col V plasm ids.

T he recip ien t s tra in  fo r R  and  Col plasm id tra n s fe r  was E .  c o li K 12 J5 3  r if r.
S ero lo g ica l e x a m in a t io n .  A g ar s lan t cu ltu res  g row n  a t  37 °C for 18 h  w ere suspended  in 

5 m l physiological saline, a d ju s te d  to  co n ta in  10° cells/m l an d  h ea ted  a t  100 °C fo r 21/ 2 h. The 
su sp en s io n  was added  a t  0.05 m l am o u n ts  to  0.5 m l d ilu te d  pooled and  g ro u p  sera. T he isolates 
w e re  considered  to  belong to  a defined  О group if  ag g lu tin a tio n  occurred  in  one of th e  absorbed 
O se ra  to  the  t itre  o f th e  hom ologous ty p e  s tra in . D e te rm in a tio n  of K l  an tig e n  was carried  
o u t  w ith  K l  serum  p ro d u ced  b y  s tra in  E .  co li 0 2  : K l  : 44 (U 9/41) and  w ith  R ow e’s K l  phages: 
A B C D E  [6].

C o lic in  ty p e  d e te r m in a t io n .  Colicin ty p e  w as d e te rm in ed  w ith  F ré d é ric q ’s in d ica to r an 
c o lic in  producing  s tra in s  [5], b y  th e  m eth o d  of Lew is [7] and  Alwis and  T h o m lin so n  [8].

A n tib io t i c  s e n s i t i v i t y .  A n tib io tic  sen sitiv ity  w as exam ined  w ith  R e s is te s t d isks (H um an , 
B u d a p e s t)  to s trep to m y c in , ch lo ram phen ico l, te trac y c lin e , k an am y cin , neo m y cin , ampiciJlin, 
g e n ta m ic in , nalid ix ic acid  a n d  su lphonam ide , u sing  M ueller—H in to n  agar.

C u ltu r e  m e d iu m .  A fte r co n ju g a tio n  th e  cu ltu res  w ere s treak ed  on a g a r m ed iu m  co n ta in ­
in g  b ro th  e x trac t and  a n tib io tic s  a t  in h ib ito ry  c o n cen tra tio n s  (rifam p ic in  250 /ig/m l, t e t r a ­
c y c lin e  20 fig/m l.  am pic illin  30 fig/m l, ch loram phenico l 20 f ig /m l ,  k a n am y c in  20 /rg/m l, s tre p to ­
m y c in  30 fii/ml).

M o u s e  in fe c tio n  a s s a y .  M ouse p a th o g en ic ity  w as exam ined  b y  in tra p e rito n e a l in jec tion  of 
C F L P  m ice weighing 16—18 g, acco rd ing  to  S m ith  [1].

P la s m id  e l im in a t io n .  E lim in a tio n  was carried  o u t  using  e th id iu m  b ro m id e , (B ouanchaud  
e t  al. [9]), by  UV irra d ia tio n  (W a ta n a b e  and F u k a sa w a  [10]) and  w ith  m ito m y cin  C (H a rd y  and 
M ey n e ll [11]).

D e te r m in a t io n  o f  m o le c u la r  w e ig h t. For p re p a ra tio n  of p lasm id  D N A  th e  ra p id  m eth o d  of 
B im b ó im  and Doly [12] w as u sed . E lectrophoresis w as done on 0 .8%  agarose  gel, fo r 21/ 2 h  a t  
40 m A . P rep a ra tio n  o f la rg e  p lasm id s  was carried  o u t accord ing  to  th e  m eth o d  of Crosa and  
F a lk o w  [13].

S tan d ard  p lasm ids in  m olecu lar w eight d e te rm in a tio n  were as follow s: R27 (Inc  H ) 
112 M dal; RA1 (Inc  A ) 86 M dal; R I  (In c  F  II )  62 M dal: R N 3 (In c  N ) 33 M dal; S -а (In c  W ) 23 
M d al.

R a p id  m e th o d  f o r  p l a s m i d  d e te r m in a t io n . A garose-gel e lectrophoresis w as carried  o u t as 
d e sc rib e d  by E c k h a rd t [14].

T n l  tr a n s p o s i t io n . T n l  tran sp o s itio n  in to  E .  c o li Col V + s tra in  w as carried  o u t according 
to  th e  m ethod  of Q u ack en b u sh  an d  Falkow  [15].

R esults

Frequency o f  colicinogenicity. O u t o f th e  exam ined  1474 E . coli s tra in s  
b e lo n g in g  in to  70 se ro g ro u p s an d  247 sero log ically  n o t id e n tif ia b le  s tra in s  
3 9 .2 %  were colicinogenic (T able I). C olic inogenicity  o ccu rred  m ost freq u en tly  
in  serogroups 0 7 8 , 0 1 , 0 1 5 1 , 0 7 , 0 7 5 , 0 2 ,  0 6 , 0124 .
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Table I

Frequency o f colicinogenicity in  E . coli strains

Serologically
No. of 
strains

Colicinogenic

No. %

Id en tified 1474 580 39.3

N on-identified 246 99 40.2

T o ta l 1720 679 39.5

Table II

Serogroup distribution o f V  colicin producing E . coli strains

Serogroup
No. o f 
strains

No. of C ol+ 
strains

No. o f Col V + 
strains

01 18 16 8

0 2 27 15 3

07 16 13 5

0 9 1 1 1

018 83 33 6

021 1 1 1

023 8 3 2

078 19 17 13

0111 160 55 2

0161 1 1 1

O N t 246 99 i6

T o ta l 580 254 58

N t  =  N o t g roupable

D eterm ination o f  colicin types. T ab le  I I  show s those  E . coli se ro g ro u p s 
w hich  co n ta in ed  Col V p ro d u c in g  s tra in s . O u t o f  th e  exam ined  70 se ro g ro u p s  
Col V p ro d u c in g  s tra in s  w ere fo u n d  in  11 sero g ro u p s an d  am ong sero log ica lly  
n o t ty p a b lc  s tra in s  (O N t). M ost o f th e  Col V p ro d u c in g  s tra in s  fell in  se ro g ro u p s 
0 7 8 . 0 1 8 , 0 1 , 0 7  and  O N t. O u t o f  19 s tra in s  o f  serogroup  078  17 w ere  coli- 
cinogenic and  13 o f th em  p ro d u ced  colicin ty p e  V. O u t of 580 s tra in s  co lic in o ­
g en ic ity  w as observed  in 254 a n d  58 o f th e m  p ro d u c e d  colicin ty p e  Y.

Com parative exam inations on Col V  p la sm id s . Col V p lasm id s w ere 
co m p ared  on th e  basis of t ra n s fe ra b ili ty  an d  m o lecu la r w eight, d e te rm in e d  b y  
agarose gel e lec trophoresis . N one o f th e  ex am in ed  30, Y ty p e  Col p la sm id s
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w ere  tra n s fe ra b le  in to  E . coli J53 . (Crosses w ere  ca rried  ou t w ith o u t m o b iliza ­
tio n .)

T ab le  I I I  p re se n ts  th e  d a ta  o f th e  p la sm id  ca rrie r s tra in s . T he analysis  
o f  p la sm id s  is d e m o n s tra te d  in Figs 1-3.

Fig. 1. A garose gel e lec tro p h o re sis  of purified R  a n d  Col V plasm id  DNA. P la sm id s  fro m  th e  
E . coli s tra in s , lanes: 1, R 789  R + Col V + (tw o p lasm id  b a n d s) ; 2, R789 R + Col V -  (one p lasm id  
b a n d ) ;  3, p lasm id  free J 5 - 3 ;  4, J 5 -3  R + ( tra n s c o n ju g a n t o f R789 R + Col V - ); 5, reference 
p la sm id s : R A l(In c A )8 6  M dal; RÍ (Inc  F I I )  62 M dal; R N 3 ( I n c N )  33 M dal; S-а (In c  W ) 23 M dal; 
6, R 981  R + Col V + (tw o p lasm id  bands); 7, R981 R + Col V -  (one plasm id b an d ); 8, R981 R ~  
Col У  + (one p lasm id  b a n d );  9, J 5 —3 R + ( tra n sc o n ju g a n t o f R981 R + Col V - ); 10, CA7S Vl +

1 2 3 4  5 6 7 8 9  10 11

Fig. 2. A garose gel e lec tro p h o resis  of purified  R  a n d  Col V plasm id DNA. P la sm id s  fro m  th e  
E . coli s tra in s , lanes: 1, p lasm id  free J 5 —3; 2, R1528 R + Col У + (two p lasm id  b a n d s); 3, R1528 
R +  Col У -  (one p lasm id  b a n d );  4, J5 -3  R + ( tra n s c o n ju g a n t  o f R1528 R + Col V - ); 5, reference 
p la sm id s , see Fig. 1; 23 R + Col V + I + (5 p lasm ids b a n d s , tw o  bands close to  each  o th e r  corre­
sp o n d  to  Col V +  I); 7, 23 R + Col I +V ~ (four p lasm id  b a n d s); 8, J5 -3  R + Col I + (tran sco n ju - 
» a n t  o f  23 R + C o l 'I+V ~ ); 9, 8/1 R + Col V + (th ree  p la sm id  b an d s); 10, J5 -3  R + ( tra n sc o n ju g a n t

of 8/1 R + Col V - ) ;  11, CA7S V1 +
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Table III
Data o f  E. coli host strains

Designation of 
strain

Serogroup Antibiotic
resistance

li-plasraid Col-plasmid

R789 «78 Cm Тс Ap Su + v+
R789/12/10 078 Тс Su V -

Л53У789У12Л0 Тс 4- V -

R981 078 Cm Тс Ар Su + V +

R981/8 078 Cm Тс Ар Su + V -

R981/46

,133/981/8

078

Cm Тс Ар Su +

V +

V -

R1528 078 Cm Тс Ар Su + v+
R1528/3 078 Cm Тс Ар Su Y -

J53/1528/3 Cm Тс Ар +
23 078 Sm Тс Su + V+ 1 +
23/1 078 Sm Su + y -  1 +

J53/23 Тс _j_ V -  I  + *

8/1 09 Sm Cm Te Ap K m  Su + v+
J53/8/1 Ap Km + V -

CA7S — V +

465/81 0161 Ap + v +
121/82 021 Te Su + V +

128/82 01 ; K l (Su) + V +

278/82 01 : K l (Su) . v+
287/82 01 : K l (Su) V +

•N o t ex am in ed  * N o t colieinogenic

Fig. 3. A garose gel e lectrophoresis o f  pu rified  R  and Col У  p lasm id  D N A . P lasm ids fro m  th 8  
E. coli s tra in s , lan es: 1, 465/81 R +  Col V + ; 2, 121/82 R  + Col V + ; 3, 128/82 R +  Col V + ; 4, 278/e2 
R -  Col V + ; 3, 287/82 R -  Col V + ; 6, re ference  p lasm ids: R-27 (In c  H ) 112 M dal; R Í  ( In c  F I I )  

62 M dal; R N 3 ( In c  N ) 33 M dal; S-а (In c  W ) 23 M dal
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F igure  1 show s th e  agarose  gel e lec tro p h o re tic  p ic tu re  o f  tw o  w ild -type  
E . coli 0 1 8  V + R + s tra in s  a n d  th e ir  Col V -  or R ~  é lim in an ts  a n d  an  Col Y l 
p la sm id  carried  b y  CA7S s tr a in  (F réd éricq ).

F ig u re  2 show s th e  agarose gel e lec trophoresis  o f tw o  H u n g a ria n  wild- 
ty p e  E . coli s tra in s  (0 7 8  a n d  0 9 ) , an  E . coli 23, 0 7 8  Col У  s tra in  o rig ina ting  
f ro m  L au san n e  an d  fro m  th e  CA7S (F réd éricq ) (Col V I) s tra in .

Table TV

M o le c u la r  w e ig h t v a lu e s  o f  C o l a n d  R  p la s m id s  o f  d i f fe r e n t  o r ig in  d e te r m in e d  b y  
e le c tro p h o re s is  i n  a g a ro se  g e l

D esignation of strain
M olecular weight (Md) 

Col Y  Col I R

Epidemiological and 
clinical d a ta  (excretion) , 

year

И789 78 33
R 789/12 /10 — — 30 H ospita l o u tb reak  B p. 1.
J53/789/12/10 — — 30 In fa n t  sepsis (CSF), 1974

R981 78 33
R 981/8 — — 33 H ospita l o u tb reak  Bp. 1.
R 981/46 78 — — In fa n t sepsis (navel), 1974
J53 /981 /8 — — 33

R 1528 78 _ 33 H osp ita l o u tb reak  B p. 1.
R 1528 /3 — — 33 In fa n t en teritis  (faeces), 1975

23 78 70 44 H ospita l, L ausanne  (R ivier)
23/1 — 70 44 Septicaem ia (blood), 1979

8 /1 1 0 0 64 H osp ita l Bp. 2.
J5 3 /8 /1 — 64 Salmonellosis (faeces), 1979

CA7S 70 — G ratia  1925

465/81 119 — H osp ita l Bp. 3. 
Sym ptom less (urine-), 1981

121/82 119 — H osp ita l B p. 4. 
P yelonephritis (urine), 1982

128/82 94 — H o sp ita l Bp. 1.
Sym ptom less p re g n an t (vagina), 1982

278/82 94 — D ischarged
Sym ptom less (faeces), 1982

287/82 104 — H ospita l N.
Sym ptom less p re m a tu re  in fan t (nose), 

1982

• N o t exam ined

A cta  Microbiologica Hungarica 31, 1984



COL V PLASMIDS 123

F igu re  3 show s th e  Col V an d  R -p lasm ids o f  5 w ild -type  E . coli s tra in s  
and  4 reference p lasm ids.

T ab le  IV show s th e  m o lecu la r w eights o f  th e  p lasm ids d e te rm in ed  by 
agarose gel e lec tro p h o res is , p re sen ted  in Figs 1, 2 an d  3.

No.of organisms/ml 
1,5,107

1Ö7!

10 -

5,710'

1,5,10'

4,10'

R789 R7Ő9/12/10 R1528R1528/3
Rf(CmTc ApSu) 
Col V+ 

a  R* (TcSul 
Col V*

> 1,1,10

810П

5,9,10

>7.10

Î4.105

R981 R981/8 R981/46 23 23/1
■ RMSmTcSu) 

Col V*I*
Q R+(CmTcApSu) и R+(CmTcAp) в R*|Sm) 

Col V* Col V- ColV-|+
sa R’ Col V*

F ig . 4 . LD,l0 values for E .  c o li R + Col V + and of their different éliminants

No. of organisms/ml

Col V+ Col V+::Tn 1

F ig . 5. LD50 values for_E. c o li 465/81 Col V* and 465/81 Col V + : : Tnl (lacking colicin V activity
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Table V

D if fe r e n c e s  o f  L D ri0 v a lu e s  f o r  th e  o r ig in a l  a n d  th e  tre a te d  s t r a in s

D esignation 
o f stra in

Original strain Treated strain
Significance

Injected bacteria
No. o f mice 
died/infected In jec ted  bacteria No. o f mice 

died/infected

K789 R  + Col V + 1 .5 x 1 0 ° 11/20 9 x  10°* 0/20 p <  0.001

R 1528 R  + Col V + 2.8X 10° 14/20 2.1 X 10°* 10/80 p <  0,001

R981 R  + Col V + 1X10° 11/20 4 .1 X 1 0 5** 0/20 p <  0.001

23 R  + Col V + 1 .6 x 1 0 ° 7/20 1 .3 x 1 0 °* 0/20 p <  0.001

C465/81 Col V + 2 .2 x 1 0 ° 8/20 2.0X  10°*** 10/20 p =  0.5

* Col V - cured  s tra in ; ** R ~ cu red  s tra in ; *** Col V + : : Tnl s tra in

Com parative results o f  mouse pa thogen icity  and  agarose gel electrophoresis 
exp erim en ts. T he s tra in s  te s te d  for v iru len ce  in  m ice were ex am in ed  fo r p la s ­
m id  b a n d s  an d  m o lecu lar w eigh t. A n in c rease  o f L D 50 values a n d  a loss of 
p la sm id  an d  p ro d u c tio n  o f  V ty p e  colicin  w as observed in  s tra in s  (R 789, 
R 1 5 2 8 , 23). F o r R iv ie r’s 23 R + V +I + s tra in , a decrease of v iru len ce  w as ob ­
se rv e d  s im u ltan eo u sly  w ith  th e  o f Col V p la sm id  loss.

In  one s tra in  (R 981) th e  loss of th e  R  a n d  Col V p lasm ids w as acco m p a­
n ie d  b y  an  increase  in  th e  L D sn va lu e  (F ig . 4).

T n l  transposition  into Col V + w ild  s tra in  and mouse in fection  assay. 
As a d o n o r s tra in  we used  E . coli UR 281 (pM  R 5) p ro -  m e th ~  n a l r K m r T cr 
A P r C a r l / ,  w hich w as h a rb o u rin g  a T n l  tra n sp o so n  con ta in ing  th e rm o se n s itiv e  
p la sm id . T n l tran sp o so n  d e te rm in in g  ca rb en ic illin  resistance w as tra n sp o se d  
in to  a E . coli 465/81 Col V + s tra in  acco rd in g  to  th e  m ethod  of Q u ack en b u sh  
a n d  F a lk o w  [15]. A fte r th e  in se rtio n  o f  tra n sp o so n  th e  s tra in  h a d  becom e 
r e s is ta n t  to  carben ic illin . Col V -  colonies w ere  selected  from  w hich  th e  Col V 
p la sm id  could  be d e m o n s tra te d  by agarose  gel [14]. No s ig n ifican t difference 
w as fo u n d  in  th e  L D 50 values o f Col V + colicin  p roducer an d  Col V + : : Tnl 
co lic in  n o n  p ro d u ce r s tra in s  (F ig . 5 an d  T ab le  V).

Discussion

Col Y p lasm ids k n o w n  from  li te ra ry  d a ta  are d iffe ren t in  re sp ec t o f 
t ra n s fe ra b il i ty  an d  m o lecu lar w eigh t [16]. In  th e  p resen t e x a m in a tio n  th e  
m o le c u la r  w eigh t o f Col V p lasm ids c a rr ie d  b y  E . coli s tra in s  R 789, R 981, 
R 1528  w as 78 M dal; th e se  s tra in s  w ere iso la te d  from  m ening itis  an d  sepsis 
cases from  a h o sp ita l o u tb re a k  in  H u n g a ry . T he m olecular w e ig h t o f Col V 
p la sm id  ca rried  by  s tra in  E . coli 23 (L au san n e ) was also 78 M dal; th is  s tra in  
w as asso c ia ted  w ith  severe m en ing itis in  S w itze rlan d . Col V I p la sm id  o f th e
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E . coli CA7S s tra in  d iffered  in m olecular w eight from  th e  above p lasm id s; 
its  m o lecu lar w eight was 70 M dal. The m olecu lar w eig h ts  were u n ifo rm ly  
33 M dal o f th e  R  p lasm ids d e riv ed  from  th e  E . coli 0 7 8  s tra in s  iso la ted  from  
one an d  th e  sam e o u tb re a k  in  H u n g a ry . The R p lasm id  o f  th e  Col V -  é lim in a n t 
of w ild -ty p e  E . coli s tra in  R789 d e te rm in ed  Te Su re s is ta n c e  only, Cm A p re ­
s is tan ce  was ab sen t. T here  w as a sm all d istance  b e tw een  th e  orig inal p la sm id  
b a n d  an d  th e  Te Su co n tro llin g  p lasm id  b a n d ; in s te a d  o f  33 M dal i t  w as 30 
M dal. I t  has been suggested  th a t  Cm Ap resis tan ce  w as co n tro lled  b y  t r a n s p o ­
sons an d  th e se  tran sp o so n s  w ere e lim in a ted  in th e  Col V d é riv an t.

Q uackenbush  and  F alkow  [15] rep o rted  th a t  co lic in  V sy n th esis  w as 
in a c tiv a te d  by  tran sp o so n  in se rtio n , while colicin V a c tiv i ty  was n o t e ssen tia l 
to  Col V plasm id m ed ia ted  v iru len ce  en h an cem en t. T h is ex p erim en t w as r e ­
p e a te d  b y  us using  an  E . coli Col V + s tra in  iso la ted  in  H u n g a ry . O ur re su lts  
are in  ag reem en t w ith  th e  fin d in g  o f Q uackenbush  a n d  F a lk o w  [15]. W illiam s 
[17] an d  W illiam s and  W arn e r [18] rep o rted  th a t  th e  en h an ced  v iru len ce  of 
in v asiv e  s tra in s  of E . coli c a rry in g  Col У plasm ids w as due  to  a novel p lasm id - 
m ed ia ted  iron  u p ta k e  sy stem .

W e found  in som e cases th a t  th e  loss of Col У p lasm id s w as asso c ia ted  
w ith  a decrease of v iru lence  (increase  o f L D 50 value). In  th e  case of one s tra in  
th e  loss of R  p lasm id  re su lted  in  a decrease of v iru len ce  in  th e  presence o f  Col V 
p lasm id . No o th e r p lasm id  th a n  R  and  Col У w ere ca rr ied  by  th e  ex am in ed  
s tra in s .

On th e  basis of th ese  ex p e rim en ts  i t  is suggested  t h a t  th e  v iru lence  m e­
d ia tin g  gene m ay  be asso c ia ted  e ith e r  w ith  Col V or R  p lasm ids.

A c k n o w le d g e m e n t. We are indebted to Mrs Marianne Gyenes for skilled technical assis-
tance.
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EFFECT OF INTERFERON ON ANTIBODY- 
-DEPENDENT CELLULAR CYTOTOXICITY 

(ADCC) IN CHICKENS
Y v e t t e  M á n d i , M á r t a  B a k a y  and I l o n a  B é l á d i

I n s t i t u t e  o f  M ic ro b io lo g y , U n iv e r s i t y  M e d ic a l  S ch o o l, S zeg ed  

(R eceived F e b ru a ry  18, 1983)

T he in fluence of chicken leuk o cy te  in te rfe ro n  ( IF N )  on th e  an tib o d y -d ep e n d e n t cellu la r 
c y to to x ic ity  (ADCC) of pe rip h eral blood m ononuclear cells o f chicken has been in v e s tig a te d  in 
v ivo  an d  in v itro . T he cy to to x ic  effect w as stu d ied  on sheep  red  blood cells (SRBC ) c o a ted  w ith  
ch icken  an ti-S R B C  serum . C y to to x ic ity  was e s tim a te d  u sing  a 51Cr release assay  sy s tem . A  single 
in tra v en o u s  in jec tio n  of crude IF N  led to  a n  en h an ced  ADCC 6 to  12 h  a fte r th e  IF N  in je c tio n , 
w hereas b y  24 h  th e  a c tiv ity  h ad  decreased . The a b ility  o f IF N  to  au g m en t th e  c y to to x ic ity  w as 
n o t lo st a f te r  ph ag o cy tic  cell deple tion . In  v itro , th e  ÁDCC w as boosted  w ith in  1—18 h  b y  IF N , 
in  a  d o se -d ep en d en t m an n er. W e assum e th a t  th e  au g m e n tin g  ag en t in v itro  is I F N  itse lf, as 
pu rified  IF N  had  a sim ilar a c tiv ity , b u t  m ock IF N  an d  try p s in - tre a te d  IF N  show ed no en ­
han cin g  effect.

In  connec tion  w ith  th e  v a rio u s effec ts o f  in te rfe ro n  (IF N ) on im m u n e  
responses, m uch a t te n tio n  has been  focussed on th e  a b ility  o f IF N  to  a u g m e n t 
th e  cy to to x ic  re a c tiv ity  o f n a tu ra l  k iller (N K ) cells an d  also to  in c rease  th e  
a n tib o d y -d e p e n d e n t cellu lar c y to to x ic ity  (ADCC). T he ADCC re a c tio n  m e a ­
sures th e  c y to to x ic ity  o f unsensitized  e ffec to r cells ag a in st IgG -co a led  ta rg e t  
cells d iffe ren t in orig in . W hile th e  effects o f  IF N  on m ouse and  h u m an  N K  cells 
[1, 2] an d  th e  ADCC [3, 4] have  been well s tu d ie d , no d a ta  are  av a ilab le  a b o u t 
th e se  effects on ch icken  leu k o cy te  IF N .

W e h av e  re c e n tly  show n [5] th a t  h u m a n  ad en o v iru s  enhances th e  ADCC 
in ch ickens, a n d  we assum ed th a t  IF N  in d u ced  b y  th e  v iru s w as re sp o n sib le  
for th e  effect. E a rlie r  s tud ies from  th is  la b o ra to ry  [6] p roved  th a t  a d e n o v iru s ­
es ind u ce  IF N  in ch ickens, a n d  i t  th u s  seem ed  o f in te re s t to  ex am in e  th e  
effect o f ch icken  IF N  on th e  ADCC. In  th is  p a p e r  we describe th e  re su lts  o f 
ex p e rim en ts  dealing  w ith  th e  effects o f ch icken  IF N  on th e  ADCC in  v iv o  a n d  
in v itro  in  a xenogeneic te s t  sy stem , using  a n tib o d y -c o a te d  sheep red  b lo o d  
cells (SR B C ) as ta rg e t  cells. W e p re sen t ev idence  th a t  ch icken le u k o c y te  I F N  
enhances th e  ADCC b o th  in v itro  an d  in v ivo .

M aterials and m ethod s

C h ic k e n s . Six-w eek-old birds o f th e  W hite  L eg h o rn  s tra in  (H yline P o u ltry  F a rm , J o h n ­
ston , Iow a) were used for ex p erim en ts in vivo. To s tu d y  th e  in  v itro  effect o f IF N , e ffec to r cells 
w ere o b ta in e d  from  8-12-w eek  old birds.

Y v e t t e  M á n d i, Marta  B a k a y , I lona  B é l á d i 
In s titu te  of Mierobiology, U niversity Medical School 
Dóm té r 10, H-6720 Szeged, H ungary
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E ffe c to r  cells. Peripheral blood mononuclear cells were isolated from heparinized chicken 
blood, obtained by heart puncture. Mononuclear cells were separated from the interphase of 
fresh blood after discontinuous density gradient centrifugation on Ficoll-Uromiro gradient by 
the method of Böyum [7]. The cells were subsequently washed three times in PBS, and resus­
pended in BPMI 1640 medium supplemented with 10% heat-inactivated fetal calf serum (FCS). 
In some experiments phagocytic cells were removed as follows: Ficoll-Uromiro-separated 
lym phocytes (5 X 107/m l) were incubated at 37 °C for 30 min in the presence of 10 mg/ml iron 
powder (Gaf. New York). Phagocytic cells were removed with a magnet, and the remaining cells 
were washed twice, and then diluted in RPMI 1640 medium containing 10% FCS. In these 
preparations 99% of the cells were classified as lym phocytes when assayed after May— Grün­
wald— Giemsa staining. Cell viability was monitored by exclusion of 0.2% trypan blue, and the 
cell number was adjusted to the appropriate dilution.

P r e in c u b a t io n  o f  e f fe c to r  ce lls  w ith  I F N - a .  In RPMI 1640 medium supplemented with 10% 
FCS, mononuclear cells (5 X 10е/ml) were incubated with 100—200 IU/rnl crude IFN  or with 
6-3200 IU/rnl purified IFN (specific activity 6 x l 0 5 IU/m g protein) for 1-18 h. Control cells 
were treated with an equivalent dilution of mock chicken leukocyte IFN. In some experiments 
trypsinized IFN having no antiviral activity was used as control.

In the experiments to examine the species-specificity of chicken leukocyte IFN , human 
effector cells were also treated with chicken IFN-a.

I n o c u la t io n  o f  b ir d s  w i th  c h ic k e n  I F N -c c . Two ml crude IFN (1000 IU/ml) was injected 
intravenously into 6-week-old chickens. Each experimental group consisted of 6 or more 
chickens. Two ml mock IFN was used as control in the same way.

T a r g e t  cells . Blood from sheep was collected in Alsever solution and stored at 4 °C until 
used. Immediately prior to use, the SRBC were washed three times in PBS. Washed SRBC (108 
cells) were labelled with 200 /rCi sodium (51Cr) chromate (LNK, Poland) at 37 °C for 60 min, 
then chicken anti-SRBC antiserum was added in a final dilution of 1 : 400, and incubation was 
continued for a further 30 min. Labelled erythrocytes were washed three times in RPMI 1640 
medium and adjusted to a concentration of 5 x  105—1 X 10e/ml in RPMI 1640 medium contain­
ing 10% FCS.

A n t i - S R B C  c h ic k e n  s e r u m . A 6-month-old bird was immunized at 2-week intervals with 
0.1 ml/100 g of a 30% SRBC suspension. Four days after the second inoculation the chicken was 
exsanguinated. The serum was heat-inactivated at 56 °C for 30 min and the agglutinin titre 
was determined.

A D C C  a s s a y . All tests were performed in a total volume of 200 //1 per U-shaped well in 
microtitre plastic plates. The effector-to-target cell ratios were 20:1, 10:1, 5:1 and 2.5: 1. All tests 
were performed in triplicate and plates were centrifuged at 300 g for 3 min before incubation at 
37 °C for 18 h in 5% C 0 2-air atmosphere. Tests were terminated by removal of supernatants, 
the radioactivity of which was determined with a gamma-counter. Spontaneous isotope release 
was determined from control wells containing target cells only. The percentage cytotoxicity was 
calculated from the formula:

. . cpm in supernatant —  cpm in spontaneous releasepercent cytotoxicity = -------------------------—----------------------- —------------------------- X 100" total incorporated activity

Spontaneous release was calculated as

percent Sp
cpm from targets in medium 

total incorporated activity X 100

The spontaneous release ranged between 2 and 6%. Sensitizing antisera did not cause an increase 
in 51Cr release in the absence of effectors. The cytotoxicity at a ratio of 20 : 1 was used for com­
parison on the basis of the dose-response curve.

I F N  p r o d u c t io n , p u r i f i c a t i o n  a n d  a s s a y . Chicken leukocyte IFN (IFN-a) was prepared 
as described previously [8] and purified by a slight modification of Fantes’ method [9]. The 
assay of the antiviral activity of IFN was performed in chick embryo fibroblast cells inoculated 
with Sindbis virus as challenge [10]. Interferon titres were expressed in comparison to a re­
ference standard IFN preparation from chick embryo fibroblast (MRC Research Standard 
A, 62/4, Mill Ilill, London) in IU/ml. Mock IF N was prepared and purified similarly, without 
virus inducer.

T r y p s i n  t r e a tm e n t  o f  I F N .  Chicken leukocyte IF N  was incubated with crystalline tryp­
sin (Worthington, 1 mg/ml) at 37 °C for 1 h, and 2 mg/ml trypsin inhibitor (Soybean, Serva) 
was then added.
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Results

C onsiderable ADCC a c t iv i ty  w as found  in  th e  p e rip h era l b lood  m ono­
n u c le a r  cells of 6-w eek-old  ch ickens, as well as in  3 -m o n th -o ld  b ird s . The 
c y to to x ic ity  level ag a in s t SR B C  co a ted  w ith  ch icken  an ti-S R B C  a n tib o d y  
v a rie d  a ro u n d  a m ean  of 4 5 %  in th e  con tro l b irds.

A ugm enta tion  o f  A D C C  in  vitro by chicken IF N -a .. T ab le  I  show s th e  
re su lts  o f 5 re p re se n ta tiv e  ex p e rim en ts . In  a c o n c e n tra tio n  o f 100—200 IU /m l, 
th e  c ru d e  IF N  s ig n ifican tly  increased  th e  ADCC a c tiv ity . R e p re se n ta tiv e  
ex p e rim en ts  are p re sen ted  since v a ria tio n s  were en co u n te red  in  th e  b a sa l level 
of c y to to x ic ity  o f th e  b ird s , b u t  re p e a te d  ex p erim en ts  a lw ays y ie ld ed  sim ilar 
re su lts . W ith in  any  single e x p e rim e n t, s ta n d a rd  d ev ia tio n s w ere less th a n  2%  
an d  are  there fo re  n o t inc luded  in  th e  d a ta  show n.

D u rin g  th e  s tu d ies  th e re  w as som e concern  as to  w h e th e r th e  IF N  in 
th e  c ru d e  p re p a ra tio n  w as i ts e lf  responsib le  for th e  a u g m e n ta tio n  o f th e  ADCC.

Table I

E ffe c t  o f  c h ic k e n  I F N - a .  o n  A D C C  in  v itro

Experim ent IFN  IU/ml Cytotoxicity, %

i 0 54
2 0 0 79

2 0 64
2 0 0 89

3 0 46
2 0 0 80
mock* 49

4 0 21

2 0 0 59
mock 19

5 0 30
2 0 0 56
mock 32

trypsin-treated* 32

In these experiments mononuclear cells (5 X 10e/ml) were cultured with or without 
IFN-a for 18 h. After the incubation period cells were washed twice in RPMI 1640 medium 
and the ADCC assay was then performed

* Mock and trypsin-treated IFN-a were used in a dilution equivalent to that of IFN-a
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I t  c a n  be seen from  F ig . 1 t h a t  th e  effect on  th e  ADCC a c tiv i ty  w as indeed  
d u e  to  IF N , since th e  p u r if ie d  p re p a ra tio n  o f  ch ick en  le u k o c y te  I F N  w as as 
a c t iv e  as th e  crude m a te r ia l  (Table I) even  a f te r  a 1 h in c u b a tio n  period. 
M ock  I F N  and  t ry p s in - t r e a te d  IF N  did  n o t show  a n y  s ig n ifican t au g m en tin g  
c a p a c i ty  (Table I).

As p ilo t e x p e rim e n ts  w ith  crude IF N  h a d  show n th a t  p re in cu b a tio n  of 
th e  cells w ith  IF N  fo r 1 h  w ith o u t fu r th e r  w ash ing  gave a su ffic ien t a u g m e n ta ­
t io n  o f  th e  ADCC a c t iv i ty  (d a ta  n o t rep o rted ), no  fu r th e r  a t te m p ts  w ere m ade

-J------------------1---------------- 1---------------- 1---------------- ■-----------------1-----------------1-----------------------►

6 60 200 600 1000 3000 6000 lU/ml IFN

F ig .  1 . Effect of purified IF N  on ADCC of chicken lymphocytes. Mononuclear cells were incubat­
ed for 18 h (Experiment I) or for 1 h (Experiment II) with purified IFN  or mock IF N  at various 

concentrations. Effector-to-target ratio =  20 : 1

F i g . 2 .  In vivo augmentation of ADCC by IFN in chickens. Bars represent mean percentage 
cytotoxicity ± S D  for groups of 6 chickens. Effector-to-target ratio =  20: 1
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Table II

I n f lu e n c e  o f  p h a g o c y t ic  cell d e p le tio n  o n  A D C C - e n h a n c in g  e ffe c t o f  c h ic k e n  le u k o c y te  I F N

Cytotoxicity, %
Chickens Depleted 

lymphocytes* *
Control

lym phocytes

Control No. 1 44 52
Control No. 2 42 54
IFN-treated No. 1*** 56 65
IFN-treated No. 2 52 67

* E : T ratio -= 20 : 1
** Phagocytic cells were removed with iron powder and a magnet, and the remaining cells 

were washed twice and then diluted in RPMI 1640 medium containing 10% FCS. Control 
lymphocytes were subjected to the same process but without iron treatment

*** Peripheral blood mononuclear cells of IFN-inoculated chickens were obtained 6 h after 
injection; 20 ml crude IFN (1000 IU/ml) was injected i.v. into 10-week-old chickens

to  increase  th e  p re in c u b a tio n  p e rio d  w ith  p u rified  IF N . T he e n h an cem en t o f 
th e  ADCC b y  p u rif ied  IF N -a  seem ed  to  he  d o se -d ep en d en t (F ig . 1).

C hicken leu k o cy te  IF N  fa iled  to  au g m e n t th e  h u m a n  ADCC re a c tio n  
a g a in s t h u m a n  red  blood cells, n o r d id  i t  en h an ce  th e  h u m a n  N K  re a c tio n  
a g a in s t K -562 cells (d a ta  n o t g iven).

A D C C  in chickens fo llow ing  I F N  injection. T h e  ADCC w as s tu d ie d  3, 
6, 12 an d  24 h a f te r  crude IF N  in o cu la tio n . An e lev a ted  c y to to x ic ity  (75% ) 
w as seen a t  6 h a f te r  IF N  a d m in is tra tio n  an d  th e  c y to to x ic ity  teas s till a b o v e  
th e  b asa l level a f te r  12 h, h u t b y  24 h i t  h ad  decreased  (F ig . 2).

E nhancem ent o f  A D C C  in absence o f  phagocytic cells. To s tu d y  w h e th e r  
m onocy tes p lay ed  an  im p o r ta n t ro le in  th e  increase  in  ADCC a fte r  IF N  in o ­
cu la tio n , cell p re p a ra tio n s  from  2 co n tro l and 2 IF N - tre a te d  ch ickens w ere  
dep le ted  o f p h ag o cy tic  cells b y  m eans of iron  po w d er an d  a m ag n e t. T h e  
ly m p h o id  cell p re p a ra tio n s  used  w ith o u t d ep le tion  co n ta in ed  ab o u t 5 %  n o n - 
ly m p h o cy tic  cells. A fte r d ep le tion , sm ears w ere su b je c te d  to  M ay— G rü n w ald — 
G iem sa s ta in in g  w hen  only  0.5—1 %  of th e  cells p ro v ed  to  he m onocy tes. As 
it  can  be seen from  T ab le  I I ,  th e  ADCC o f th ese  p re p a ra tio n s  in creased  to  a 
s im ila r e x te n t a f te r  IF N  in jec tio n . I t  is w orthw hile  to  m en tion  th a t  th e  b a sa l 
c y to to x ic ity  w as reduced  a fte r  rem o v a l o f th e  m on o cy tes , in d ica tin g  t h a t  n o t  
on ly  ly m p h o cy te s  h u t  also m ono cy tes  ta k e  p a r t  in  th e  ADCC.

D iscussion

T he re su lts  o f  these  s tu d ies  in d ic a te  th a t  ch icken  IF N , sim ilarly  to  h u ­
m an  and  m ouse IF N , au g m en ts  th e  ADCC reac tio n  b o th  in v itro  an d  in  v iv o .

T here  is a difference in  th e  k in e tic s  of th e  IF N -in d u c e d  en h a n c e m en t o f 
th e  ADCC in  v itro  a n d  in v ivo . O ne h o u r exposu re  o f  ly m p h o cy tes  to  IF N  in
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v i t ro  is su ffic ien t to  cau se  an  increase in  th e  c y to to x ic ity . T hese d a ta  are  in  
a g re e m e n t w ith  th o se  o f  H erh erm an  e t al. [11] an d  de L a n d a z u ri e t al. [2]. 
W e a n d  o thers h av e  fo u n d  th a t  fu r th e r  w ash in g  o f cells to  free th e m  from  IF N  
a f te r  th e  1 h in c u b a tio n  period  did no t a l te r  th e  ex p e rim en ta l re su lt [12, 13]. 
M oreover, IF N  is f re q u e n tly  added  to  th e  c y to to x ic ity  assay  s im u ltan eo u sly  
w ith  th e  effector cells a t  tim e  0  [14, 15]. T h e  increase  in  th e  ADCC how ever, 
co u ld  n o t be d e te c te d  u n ti l  6 h a fte r  IF N  in jec tio n  (Fig. 2). S im ilar resu lts  
w ere  o b ta in ed  b y  E in h o rn  e t al. [14] w ith  h u m a n  IF N . T h ey  suggested  th a t ,  
in  v iv o , fac to rs o th e r  th a n  IF N  a c t f irs t on th e  cells an d  suppress th e  cy to to x ic  
a c t iv i ty .  In  th is  c o n te x t  i t  is of in te re s t t h a t  th e y  observed  a decreased  c y to ­
to x ic i ty  6 h a fte r  I F N  in jec tio n  of th e ir  p a tie n ts .  M ost of th e se  p a tie n ts  devel- 
o jted  fever. As F ig . 2 show s, 3 h a fte r  a d m in is tra tio n  of ch icken  leu k o cy te  
I F N  th e re  was a h ig h  d ev ia tio n  in  th e  m ean  v a lu e  of th e  ADCC, because  som e 
ch ick en s  h ad  a d ec reased  ADCC a c tiv ity . S im ila rly , F lex m an  a n d  Shellam  [16] 
r e p o r te d  th a t  a f te r  in o c u la tio n  of ra ts  w ith  I F N  th e re  was a t ra n s ie n t  decrease 
in  th e  c y to to x ic ity  lev e l a f te r  3 h, an d  a u g m e n ta tio n  was o b serv ed  o n ly  a f­
t e r  6 h .

IF N  boosted  th e  ADCC a c tiv ity  in  v iv o  an d  in  v itro  in  all ex p erim en ts , 
b u t  th e  abso lu te  c y to to x ic i ty  level v a ried . H e rh e rm a n  e t al. [3] h av e  observed  
t h a t  h u m a n  in d iv id u a ls  d isp lay  d ifferences in  responsiveness to  IF N  tre a tm e n t. 
T h is  m ig h t be an a lo g o u s to  th e  s itu a tio n  in  m ice, in  w hich th e  s e n s itiv ity  to  
I F N  w as found  to  v a ry  from  stra in  to  s tr a in ,  a n d  could be in flu en ced  b y  p re ­
v io u s  in  vivo ex p o su re  to  ac tiv a tin g  s tim u li [17]. In  our ex p e rim en ts  th e  level 
o f  c y to to x ic ity  d ec rea sed  a fte r  rem o v al o f  p h ag o cy tic  cells, h u t  th e  e x te n t of 
a u g m e n ta tio n  of th e  ADCC rem ained  th e  sam e. H ow ever, tin; a u g m e n ta tio n  
in  th e se  ex p erim en ts  (T ab le  I I )  was less m a rk e d  th a n  w ith  th e  use o f 6-week- 
-o ld  b ird s , p ro b a b ly  d u e  to  d iscrepancies in  w eigh t and  age o f th e  b ird s  an d  
th e  a m o u n t of IF N  u sed . W e used F ico ll-U ro m iro -sep ara ted  ch icken  p e rip h era l 
b lo o d  m ononuclear cells as effector cells, c o n ta in in g  less th a n  5 %  m onocy tes, 
a n d  th e  n u m b er o f  th e  la t te r  fell to  1%  a f te r  ca rb o n y l iron  tr e a tm e n t .  T hough 
th e  leve l o f c y to to x ic ity  decreased  a f te r  d ep le tio n , th e  a u g m e n ta tio n  w as as 
m a rk e d  as i t  h ad  b e e n  befo re  dep le tion . H en ce , we p resum e th a t  th e  effector 
cells responsib le  fo r th e  e lev a ted  ADCC a f te r  IF N  tre a tm e n t are  n o t th e  m ono­
c y te s ;  i t  is p ro b a b ly  r a th e r  К  cells th a t  p la y  a n d  im p o r ta n t role in  th e  reac tio n .

R ecen tly , Chi a n d  T horbecke d esc rib ed  ADCC to  allogeneic red  blood 
cells in  chicken, u sin g  sp leen  cells as e ffec to r cells [18]. In  c o n tra s t  to  o u r re su lts , 
th e y  fo u n d  m o nocy tes to  he th e  m ain  e ffec to r cells in  th e ir  sy s tem . T he a p ­
p a r e n t  c o n tra d ic tio n  m ig h t he due to  th e  d iffe ren t m ethods o f  iso la tio n  an d  
d e p le tio n  of m o n o cy tes . L y m phocy tes a n d  m o nocy tes re flec t d iffe ren t re q u ire ­
m e n ts  for an tig en  d e n s ity  on th e  ta rg e t ,  fo r d is tr ib u tio n  o f th e  a n tib o d y  on 
th e  ta rg e t  and  fo r d ilu tio n  of a n tise ra , as h as  recen tly  been  rev iew ed  [19]. 
K e a n e y  e t al. [20] re p o r te d  th a t  m o n o cy tes  a p p e a r  to  be th e  sole effec to r cells
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w hen th e  ta rg e t cells are sen sitized  in su b o p tim u m  co n c e n tra tio n  w ith  th e  
a n tis e ra , an d  there fo re  th e  ADCC a c tiv i ty  of th e  m onocy tes m ay  be m asked  
b y  th a t  o f th e  ly m p h o cy tes  w hen  ta rg e t  cells are  o p tim a lly  sensitized  w ith  
a n tib o d ie s . In  our ex p e rim en ts  we used  an tise ra  a t a f in a l d ilu tio n  o f 1 : 400, 
a n d  we there fo re  suggest th a t  th e  e ffec to r p o p u la tio n  com prised  m a in ly  ly m ­
p h o cy tes .

O ur d a ta  p roved  th a t  ch ick en  IF N , sim ilarly  to  m am m alian  IF N , has 
an  im m u n o m o d u la tin g  effect on th e  ADCC in b ird s. In  th e  p re sen t ex p e rim en ts  
a u g m e n ta tio n  of th e  ADCC w as d e m o n s tra b le  in chickens 6 h a f te r  IF N  a d ­
m in is tra tio n . The k in e tics  of a u g m e n ta tio n  co rre la ted  well w ith  o u r p rev ious 
d a ta  w hich revealed  an  ADCC a u g m e n ta tio n  a fte r  ad en o v iru s  in o cu la tio n  [5]. 
T h e  increase  in th e  ADCC re a c tio n  14 h a fte r  v iru s in fec tion  m ay  h av e  been 
due  to  th e  IF N  sy n th e tiz e d  6—8 h a f te r  inocu la tion  [6]. O ur p re sen t o b se rv a tio n  
th e re fo re  prov ides fu r th e r  in d ire c t ev idence th a t  ad en o v iru s  a u g m en ts  th e  
ADCC v ia  an  IF N -d e p e n d e n t m ech an ism . The d irect d e m o n s tra tio n  o f th e  role 
o f  IF N  in s tim u la tin g  th e  ADCC a f te r  v iru s in o cu la tio n  will be possib le  if  
an tib o d ie s  to  ch icken leu k o cy te  IF N  becom e availab le .

A c k n o w le d g e m e n t. The excellent technical assistance of Miss Katalin Horvath is grate­
fully acknowledged.
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SOME CHARACTERISTICS OF LYSOGENS OF 
M Y C O B A C T E R I U M  S M E G M A T 1 S

K a t a l i n  J .  Н а в е к  a n d  I .  F ö l d e s

M ic r o b io lo g ic a l  R e se a r c h  G ro u p  o f  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 , B u d a p e s t  
(Received March 23, 1983)

By the use of radioactive labelling it was observed that mycobacteriophage butyricum  
(By) enter M y c o b a c te r iu m  s m e g m a tis  strain Rabinowitz (M. sm. R.) cells, lysogenise them  
but do not form plaques. Mycobacteriophage Rabinowitz (V72) and phage By proved to be 
heteroimmune; that is, they superinfect lysogens of one another productively. Spontaneous 
lysis frequencies of two different mycobacterium strains lysogenised by phage By [M. sm. R. 
(By); M. sm. b. (By)] and that of the double lysogenic M. sm. R. (V72, By) strain were compared. 
The spontaneous lysis frequency of the two monolysogenic strains was found to be similar 
(10-4-1 0 -2) indicating that transition into the vegetative replication cycle of By phages occurs 
also in M. sm. R. cells. Spontaneous lysis frequency of the double lysogenic strain was found to 
be influenced by the medium used.

I t  w as re p o r te d  p rev io u sly  th a t  th e  p la t in g  efficiency of m y c o b a c te ­
riophage  b u ty r ic u m  (B y) w as less th a n  10 “ 8 on  cells o f M ycobacterium sm eg­
m atis R ab in o w itz  (M. sm . R .), an d  5 X 10-1  on  its  lysogenic v a r ia n t (M . sm .
R. (V72)) co m p ared  to  th e  value o b ta in ed  on th e  orig inal host M ycobacterium  
sm egm atis b u ty r ic u m  (M. sm . b .). This d iffe rence  in p la tin g  effic iency  w as 
show n to  arise n o t  in  consequence o f an  a lte re d  phage ad so rp tio n  to  th e
M. sm . R . (У72) s tra in , as th e  sam e degree o f  a d so rp tio n  could be d e te c te d  to  
b o th  R ab in o w itz  s tra in s  co rrespond ing  to  t h a t  o f  th e  original host [1].

P h ag es B y n o t on ly  form  p laques on M. sm . R. (V72) cells, b u t  also 
lysogenise th e m  a n d  th a t  re su lts  in a double ly sogen ic  m y cobacteria l s tr a in  [1].

T his p a p e r describes ex p erim en ts  designed  to  o b ta in  in fo rm atio n  re fe r ­
ring to  (i) B y  p hage  p e n e tra tio n  in to  M. sm . R . b a c te r ia ; (ii) ly so g en iza tio n  of 
M. sm . R . an d  M. sm . b. cells by  phage B y, a n d  (iii) spon taneous p h a g e  p ro ­
duc tion  of d iffe ren t m y co b ac te ria l s tra in s  c a rry in g  p ro p h ag e  By.

M aterials and m ethods

B a c te r ia l  a n d  b a c te r io p h a g e  strains. The bacteria and mycobacteriophage used were 
M . s m e g m a tis  strain Rabinowitz (M. sm. R.) and its phage Rabinowitz (designated У72), and 
M . s m e g m a tis  strain butyricum (M. sm. b.) and its phage butyricum (designated By), and the 
double lysogenic AI .  s m e g m a t is  strain Rabinowitz (M. sm. R. (V72, By)) of our own culture
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collection. Streptomycin resistant strains of M. sm. b. and M. sm. R. were isolated in our labo­
ratory. Preparation, concentration and purification of phages were described elsewhere [2].

M e d ia  a n d  b u f fe r . Bouillon and YRP media were used in the experiments [1]. Trishv- 
droxymethyl-aminomethane buffer (0.05 M, pH 7.4) containing 0.004 м CaCL was used to store 
phages and to make dilutions.

A s s a y  o f  p h a g e  t i tr e s . Phage techniques followed those described by Adams [3]. Plates 
and soft agar containing 1.5 and 0.6% agar were prepared from YRP or bouillon media.

I s o la t io n  o f  ly s o g e n ic  M .  s m . R .  a n d  M .  s m . b. s t r a in s .  Cells grown overnight were cen­
trifuged, resuspended in fresh medium to reach an absorbancy of 0.2—0.4 at 660 nm. After two 
hours incubation at 37 °C the cells were pelleted and resuspended in Tris buffer to obtain again 
an absorbancy of 0.2—0.4 at 660 nm. Bacteria were infected with phage By at a m ultiplicity of 
1—5. Adsorption was allowed to proceed for 30 min, then the degree of phage adsorption and the 
number of cells surviving By phage infection were determined. Colonies formed by cells surviv­
ing B y phage infection were investigated for lysogeny in the following way: each colony was 
transferred to (i) solid Y RP medium, (ii) solid Y RP medium covered with M. sm. b. lawn. The 
surviving M. sm. R. colonies were also transferred to solid medium covered with M. sm. R. lawn. 
In these conditions lysogenic colonies form plaques on a corresponding bacterial lawn in con­
sequence of spontaneous lysis occurring in lysogenic cells. Colonies showing signs of spontaneous 
lysis were transferred to Y R P medium containing 0.1%  Tween 80, grown up, and plated. De­
veloped colonies were transferred again to solid medium and to solid medium covered with 
bacterial lawn. This procedure was repeated several tim es, and at last stable lysogenic strains 
were isolated both from M. sm. R. and M. sm. b. strains.

D e te r m in a t io n  o f  s p o n ta n e o u s  ly s ic  f r e q u e n c y .  Lysogenic strains were grown overnight at 
37 °C in YR P or bouillon medium containing 0.1% Tween 80. Cells were centrifuged and washed 
tw ice with the medium to remove free phages, then resuspended in the medium, diluted, and 
plated. Some of the plates were overlayered with soft agar containing 50 //g/ml streptomycin 
and the streptomycin resistant indicator bacteria. Plates were incubated overnight at 37 °C. 
Spontaneous lysis frequency was calculated:

Number of plaques on resistant bacteria 
Number of colonies on corresponding plate

I n fe c t io n  o f  M .  s m . R . s t r a in  w ith  3H - la b e lle d  p h a g e  B y .  Phage By DNA was labelled with 
m  -uracil according to the method described by Somogyi and Földes [4].

For the infection bacteria grown overnight were centrifuged, resuspended in fresh me­
dium to reach an absorbancy of 0.4 at 660 nm and infected with 3H-labelled By phage at a 
m ultiplicity of 1—5. At intervals titres of free phages were determined.To measure DNA uptake 
by the cells, samples of the infected culture were centrifuged, washed twice in ice-cold 0.05 м 
Tris buffer pH 7.4 containing 0.001 м EDTA, and heated in 5% trichloroacetic acid at 80 °C for 
60 min. The samples w ere centrifuged again and radioactivity of the supernatant was determined 
in a Packard 3330 scintillation counter using Bray scintillation cocktail.

R esults

In fec tion  o f  M . sm . R . cells w ith  3H -labelled phage B y . M. sm . R . b a c te r ia  
w ere  in fec ted  w ith  3H -lab e lled  phage B y  a t  a m u ltip lic ity  of 1—5 to  in v e s tig a te  
p e n e tra t io n  of ph ag e  D N A  in to  the cells. F ro m  tim e to  tim e sam p les  were 
ta k e n  to  d e te rm in e  (i) p h ag e  adso rp tio n  b y  m easu rin g  th e  t i t re  o f free  phages; 
(ii) D N A  u p ta k e  o f th e  cells b y  m easu ring  th e i r  ra d io a c tiv ity  as d esc rib ed  in 
M a te r ia ls  an d  m eth o d s.

F ig u re  1 show s t h a t  a considerab le  r a d io a c tiv ity  could be d e te c te d  in 
th e  cells reach ing  its  m a x im u m  180 m in  a f te r  in fec tio n . The tim e  cou rse  o f  the  
ra d io a c tiv i ty  cu rve  c o rre la ted  w ith  th e  d ec rea se  in titre  of th e  free  phages, 
in d ic a tin g  th a t  p hages By no t only adso rb  to  M. sm . R. cells, b u t  th e ir  DNA 
p e n e tra te s  in to  th e m .
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cpm pfu

F ig .  1 . Infection of M. sm. R. cells with 3H-labelled phage B y. О----  —O titres of free phages
(nfu): ® Э radioactivity measured in cells (cpm)

Lysogenization  o f  M . sm. b. and  M . sm . R . strains with phage B y .  T he  
c o n tra d ic tio n  th a t  D N A  of By p h ag es  p e n e tra te s  in to  M. sm . R . cells h u t  does 
n o t fo rm  p laques suggested  th e  p o ss ib ility  of ly sogen iza tion  of cells b y  p h a g e  
B y. To check th is , M. sm . R. an d  M. sm . b . cells w ere in fected  w ith  p h a g e  B y  
an d  th e  colonies developed  from  cells su rv iv in g  phage infection  w ere in v e s t i ­
g a ted  fo r lysogeny  as described in M ate ria ls  an d  m eth o d s. O ut o f th e  M. sm . R. 
colonies developed  a f te r  phage in fe c tio n , n o t a single one was fo u n d  to  show  
lysis o f M. sm . R . law n  in consequence  o f th e  sp o n tan eo u s phage p ro d u c tio n ; 
on th e  c o n tra ry , som e of the  colonies ly sed  M. sm . b. law n. Some of th e  s u rv iv ­
in g  colonies o f M. sm . b . stra in  also p ro v ed  to  be lysogenic. The lysogenic  s tra in s  
o b ta in e d  were d esig n a ted  as M. sm . R . (B y) an d  M. sm . b. (By).

In  fu r th e r  ex p erim en ts  th e  p h ag e -su sc e p tib ility  of b o th  M. sm . R . and  
M. sm . b . s tra in s  lysogenized b y  p h a g e  B y  w as s tu d ie d  b y  su p erin fec tin g  th e m  
w ith  p hage  B y  a n d  phage V72, re sp e c tiv e ly . P la tin g  efficiencies w ere d e te r ­
m ined  so th a t  th e  n u m b e r of p laq u es  o b ta in e d  on th e  orig inal (non-lysogen ic) 
h o st w as tak en  as th e  u n it. A d so rp tio n  o f th e  phages to  th e  lysogenic s tra in s  
w as also d e te rm in ed . D a ta  are sh o w n  in T ab le  I. B o th  phages could a d so rb  to  
b o th  lysogenic s tra in s ;  By p hages d id  n o t give p laques on e ith e r lysogenic  
s tra in  a n d  phage Y72 gave p laques o n ly  on M. sm . R. (B y) stra in .
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Table I

S u p e r in fe c l io n  o f  M .  s m .  R .  ( B y )  a n d  M . s m . b. ( B y )  w i th  V 7 2  a n d  B y  m y c o b a c te r io p h a g e s ,
re sp e c tiv e ly

Adsorption of phages P lating efficiency
Bacterical s t r a i n s ------------------------------

By Y72 By V72

M. sm. b. (By) 93% 84% 10 “8 10- 8
M. sm. R. (By) 89% 73% 1 0 -’ 1,5

Table II

S p o n ta n e o u s  l y s i s  f r e q u e n c y  o f  the  m o n o ly s o g e n ic  m y c o b a c te r iu m  s tr a in s

E xperim en t M. sm. b. (By) M. sm. R. (By)

l 6 . 2 x l 0 - 2 1 . 1 x 1 0 - 2

2 1 . 7 x 1 0 - 2 6 . 8 x 1 0 - 2

3 1 . 2 x 1 0 - 2 5 . 8 x 1 0 - 2

4 4 . 2 x 1 0 - 2 4 . 0 x 1 0 - 2

Table III

S p o n ta n e o u s  p h a g e  p r o d u c t io n  o f  M .  sm . R .  ( V 7 2 ,  B y )  s t r a in  i n  Y R P  a n d  b o u i l lo n  m e d ia

Relative num ber o f  cells producing phage

Experim ent By V72 By V72

in Y RP medium in bouillon medium

l 2 . 5 x 1 0 “ « 1 . 6 x 1 0 - 2 2 . 5 x 1 0 - 2 1 . 5 x 1 0 - «

9 3 . 5 x 1 0 - « 4 . 7 x 1 0 - 2 1 . 6 x 1 0 - 2 1 . 9 x 1 0 - «

3 1 . 2 x 1 0 - 2 2 . 1 x 1 0 - 2 9 . 8 x  I O - 2 1 . 1 x 1 0 - 2

Spontaneous phage production o f  lysogenic mycobacterium stra ins. S pon­
ta n e o u s  phage p ro d u c tio n  o f M. sm . b . (B y), M. sm . R . (B y), an d  o f th e  double 
ly sogen ic  M. sm . R . (V 72, B y) s tra in  [1] w as in v e s tig a te d  b y  th e  s tre p to m y c in  
o v e rly e r  tech n iq u e . T h e  soft agar c o n ta in e d  50 /rg/m l s tre p to m y c in  to  kill 
ly sogen ic  cells. A t th is  c o n c e n tra tio n  th e  a n tib io tic  h ad  no effect on th e  p la tin g  
e ffic ien cy  e ither o f  p h a g e  B y  or of phage У 72. T ab le  I I  shows th a t  th e  sp o n ­
ta n e o u s  lysis freq u en c ies  o f  th e  tw o m o n o lysogen ic  m y co b ac te riu m  s tra in s  
w ere  sim ilar an d  v a r ie d  b e tw een  10~4—1 0 -2 . R e su lts  were in d e p e n d e n t from  
th e  m ed ia  used in  th e  exp erim en ts .

In  th e  case o f  th e  double  lysogenic m y c o b a c te riu m  stra in  it w as found  
t h a t  spon tan eo u s ly sis  frequencies re fe rrin g  to  th e  tw o phages d iffered  b y  a t
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le a s t one o rd er o f m ag n itu d e . I t  is o f  in te re s t  th a t  a rev e rsed  ra tio  o f B y  or 
У72 ph ag e  p ro d u ce r cells has been  o b serv ed  using  Y R P  or bouillon  m edium  
(T ab le  I I I ) .

D iscussion

O nly  a sm all p ro p o rtio n  o f m y c o b a c te ria  adso rb  phages in a p h a g e -in ­
fec ted  cu ltu re , w hile th e  sensitive cells adso rb  h u n d red s  o f phages w ith o u t 
show ing  th e  p h en o m en o n  of “ lysis from  w ith o u t”  [5, 6]. M y co b ac te riu m — 
m y co h ac te rio p h ag e  system s c an n o t th e re fo re  he in v e s tig a te d  by  th e  “ m ix ed  
in fe c tio n ”  or “ m u ltip lic ity  a c tiv a tio n ”  m eth o d s [7—9]. W e could overcom e 
th e se  d ifficu lties b y  th e  use of lysogen ic  s tra in s , especia lly  by  s tu d y in g  th e  
sp o n tan eo u s  lysis o f  th e  la tte r .

E a rlie r  we h a v e  show n th a t  B y  p h ag es ad so rb  to , h u t  do n o t give p laq u es  
on M. sm . R. cells [1]. B y th e  u se  o f 3H -labelled  B y phage we cou ld  o b ­
serve  in  th e  p re se n t w ork  th a t  D N A  o f B y  p hages even p e n e tra te  in to  M. sm . R . 
cells. C onsidering  th is  observ a tio n  to g e th e r  w ith  o u r p rev ious find ing , n a m e ly  
th a t  B y  phages can  lysogenise th e  lysogen ic  M. sm . R . s tra in , re su ltin g  in  a 
doub le  lysogenic s tra in  (M. sm. R. (V72, B y)), we h y p o th es ized  th a t  B y  p h ag es 
are ab le  to  lysogenise  also th e  o rig in a l M. sm . R . s tra in . T he h y p o th esis  cou ld  
he p ro v e d  b y  iso la tio n  o f an  M. sm . R . (B y) s tra in  as described  in R esu lts .

T he fa c t th a t  B y  phage form s p laq u es  on M. sm . R. cells lysogenised  b y  
p h ag e  Y72 [1], a n d  th e  p resen t f in d in g  th a t  V72 form s p laques on M. sm . R . 
cells lysogen ised  b y  p h ag e  By (T ab le  I) , m ean  th a t  B y an d  Y72 p hages a re  
h e te ro im m u n e ; t h a t  m eans th a t  th e y  su p erin fec t lysogens of one a n o th e r  
p ro d u c tiv e ly .

S p o n tan eo u s lysis frequency  p ro v e d  to  be sim ilar in  ou r tw o s tra in s  
lysogen ised  b y  p h ag e  B y  (Table I I ) .  T ra n s itio n  o f B y  p ro p h ag es in to  v e g e ta tiv e  
re p lic a tio n  cycle in  M. sm . R. cells seem s to  be in  co n tra d ic tio n  to  th e  o b se r­
v a tio n  th a t  B y p hages do no t form  p laq u es  on th ese  cells. T his c o n tra d ic tio n  
needs fu r th e r  s tu d ie s ; i t  m ay, h ow ever, be h y p o th es ized  th a t  n o t on ly  som e 
v e g e ta tiv e  rep lica tio n  is necessary  fo r ly so g en iza tio n  110, 11] h u t an  e s tab lish ed  
ly sogeny  m ay  also fa c ilita te  the  in it ia tio n  o f th e  v e g e ta tiv e  rep lica tio n  cycle.

T he in te re s tin g  resu lts  re fe rrin g  to  th e  sp o n tan eo u s  lysis freq u en cy  o f 
th e  do u b le  lysogenic s tra in  need also fu r th e r  stu d ies .

A c k n o w le d g e m e n t. We thank Mrs Ágnes Zathurcczky for skilful technical assistance.
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SERIAL DETERMINATION OF COMPLEMENT AND 
SPECIFIC ANTIBODY TITRES IN 

P S E U D O M O N A S  A E R U G I N O S A  INFECTION

G y . P e t r a s , G . F ü s t  a n d  M a r i a  M . A d a m

N ational In stitu te  o f H ygiene , B udapest and  N a tiona l In s titu te  o f  Haematology and  Blood
T ra n sfu sio n , B udapest

(R eceived M arch 10, 1983)

Serial ex am in atio n  o f th e  com plem ent sy s tem  a n d  specific  a n tib o d y  titre  of 12 su rv iv in g  
p a tie n ts  an d  8 le th a l cases suffering  from  P seudom onas aeruginosa  in fection  show ed t h a t  e x c e p t 
th e  onset o f in fection , u n til  th e  developm ent o f sep tic  shock , th e  level of the  co m plem en t com ­
p o n en ts  corresponded  to  or exceeded the  av erag e  no rm al v a lu e . In  reversible septic sh ock  th e  
com plem ent t i t r e  decreased  sign ifican tly  an d  in  irrev ersib le  shock  th e  values were even  low er. 
A c tiv a tio n  of th e  com plem en t system  occurred  on  10 occasions v ia  th e  classical an d  o n  42 o c ­
casions v ia th e  a lte rn a tiv e  p a th w ay . The n u m b er o f a c tiv a tio n s  grew  paralle l w ith  th e  se v e rity  
of th e  in fec tion . A c tiv a tio n  th ro u g h  th e  classical w ay  w as gen era lly  m ore intensive. D u rin g  th e  
whole in fectious process n o t th e  ind iv idual ch a ra c te ris tic s  o f  th e  P. aeruginosa p re sen t u n b ro ­
ken, b u t  th e  patho log ica l ev en ts  and  the  specific a n tib o d y  level d e term ined  the m ode ( a l te rn a ­
tiv e  or classical p a th w ay ) o f com plem ent a c tiv a tio n . T he specific  an tib o d y  level o f th e  su r­
v iv ing  p a tie n ts  sign ifican tly  su rpassed  th e  t i t r e s  of th e  le th a l  oases u n til th e  d ev e lo p m en t of 
shock. N o t an  insufficiency of th e  com plem ent sy s tem  b u t  th e  re la tiv e  lack of specific  a n ti ­
bodies w as m ain ly  responsib le for th e  fa ta l o u tcom e of P . aeruginosa  infections.

T he g rea t n u m b e r o f  papers on Pseudom onas aeruginosa  are a lm o s t im ­
possible to  su rv ey . O ur know ledge on th e  d ev e lo p m en t and  changes o f  th e  
h um ora l im m u n ity  in p seudom onas in fec tio n  is fra g m e n ta ry . T he p re s e n t 
re p o rt deals w ith  th e  level o f th e  d iffe ren t co m p lem en t (C) co m p o n en ts  a n d  
w ith  th e  specific  a n tib o d y  (Ah) t i tre s  a t  th e  t im e  o f C ac tiv a tio n  d u rin g  th e  
whole in fec tious process.

P atien ts an d  m ethods

P atients. T en m ale an d  te n  fem ale p a tie n ts  of a re sp ira to ry  w ard  were exam ined . T h e ir  
average age was 47.6 y ears. E ig h teen  had u n d erg o n e  tra c h e o to m y  and  were given a r ti f ic ia l  
re sp ira tio n  for m ore th a n  24 h. T he underly ing  d iseases w ere te ta n u s  in 9, po ly rad icu litis  in  5, 
m en ingoencephalom yelitis in  4 cases, m y as th e n ia  g rav is  a n d  subarachno idea l h a em o rrh ag e  
in  one p a tie n t  each. T he u n d e rly in g  diseases w ere m ild ( tra n s ie n t clinical sym ptom s w ith o u t  
re sp ira to ry  d is tu rb an ce) in  2, m odera te  (expressed  c lin ical sy m p to m s w ith  re sp ira to ry  in su f­
ficiency of sh o rt d u ra tio n ) in  1, severe ( life -th rea ten in g  s itu a tio n )  in 14, and letha l in  3 cases.

B acterio logical sam ples were taken  in th e  a cu te  ph ase  o f in fec tion  twice, and la te r  once 
w eekly from  th e  p a tie n ts ’ sk in  (ax illary  and ing u in a l reg ion), nose, th ro a t  or trach ea , ear, faeces,
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u r in e  a n d  pus. F a c u lta tiv e ly  pa thogen ic  b a c te r ia , o th e r  th a n  P. aeruginosa, as K lebsiella , Pro- 
teu s , E scherichia coli, Staphylococcus aureus, e tc . co lon ized  th e  p a tie n ts  on ly  fo r a  few  d a y s  if  a t  
a ll, w ith o u t causing  a n y  local sym ptom .

T he in fec tive  P . aeruginosa  s tra in s  be longed  to  serogroups 0 2 a ,2d ,2e , 0 3 , 0 4 a ,4 b , 0 6 a ,6 b , 
0 9 a ,  0 1 0 a ,1 0 c , 0 1 1 a , l i b  o f th e  L ányi—B erg an  sch em e [1] or con tained  R  a n tig e n s  (L án y i’s 
fo rm er g roups 0 8  an d  0 9 ). W ith  th ree  excep tio n s th e  sam e serogroup could be  d e te c te d  du rin g  
eac li in fec tion .

P . aeruginosa infections. In  th e  20 p a tie n ts  a  to ta l  o f  39 P. aeruginosa  in fec tio n s such  as 
tra c h e o b ro n c h itis ,  p n e u m o n ia , u rin ary  t r a c t  in fec tio n , th rom b o p h leb itis , e n te r itis , p u ru le n t 
rh in it is  in  consequence of n asogastric  tu b e , in je c tio n  absess, infected decu b itu s  w ere reg is te red . 
B eside  a positive  bacterio log ica l resu lt local a n d  g en era l clinical sym ptom s p o in ted  to  a com pli­
c a t io n  due  to  pseu d o m o n as in every  instance.

O nly th e  m in o rity  of blood cu ltu res y ie ld ed  pseudom onas in consequence o f v igorous, 
in tra v e n o u s  a d m in is tra tio n  of an tib io tics from  th e  e a r ly  o nse t of com plications. T he sev e rity  of 
in fec tio n s  was d e te rm in ed  m ain ly  on th e  basis o f local and  general clinical signs; t ra n s ie n t 
b a c te r ia em ia  w as obse rv ed  also in nearly  sy m p to m less  cases.

T hree  p a tie n ts  h ad  m ild (com plication  w ith o u t  in tensive  local signs, e x ten siv e  tissue  
d e s tru c tio n  an d  pus p ro d u c tio n ; te m p e ra tu re  below  38 °C and good general co n d itio n ), 4 m o ­
d e ra te  (expressed  local sy m p to m s, te m p e ra tu re  ex ceed in g  38 °C), 5 severe (sep tic  s ta te :  in te r ­
m it te n t  fever, h e av y  p ro s tra tio n , e ry th ro c y te  se d im e n ta tio n  ra te  ab o u t 100 m m /h o u r, ra p id ly  
d ev elo p in g  an aem ia , in sp ite  o f a negative  h a em o cu ltu re , too) and 8 le th a l (le th a l sepsis) 
P . aeruginosa  in fec tions.

C riterion  of sep tic  shock was a sep tic  co n d itio n  w ith  a blood p ressure  below  70 m m  H g 
fo r m ore  th a n  60 m in , accom panied  by a m ark e d  d ecrease  in u rin ary  o u tp u t. F o u r  reversib le  
se p tic  shocks developed  in  th e  5 severe cases, w h ereas 9 reversible and  8 irrev ersib le  shocks 
in  th e  8 le th a l ones.

T he pseu d o m o n as infections s ta rted  g en era lly  be tw een  th e  3rd and  10 th  d a y  o f hosp ita l 
c are  an d  cu lm in ated  w ith  th e  im provem en t of, o r so m etim es a fte r com plete reco v e ry  from , th e  
u n d e rly in g  disease.

Serum  sam ples. B lood sam ples were o b ta in e d  on  adm ission  and du ring  th e  w hole h o sp ita l 
s ta y  in  th e  acu te  p h ase  ev ery  3rd o t 4 th  d ay , in  convalescence  every 6 th  o r 7 th  d a y . All se rum  
sp ec im en s fro m  a g iven  p a tie n t  were s to red  a t  — 20 °C and  tes ted  sim u ltan eo u sly .

E ac h  b lood  sam ple  w as categorized  a f te r  th e  s tag e  of infection, as follow s. (1) F ree  of 
co m p lica tio n s; (2) o n se t o f in fection ; (3) ongoing in fec tio n ; (4) cu lm ination  of in fec tio n , o r sep tic  
s t a te  in  severe an d  le th a l in fections; (5) 1—2 h  b e fo re  sep tic  shock; (6) sep tic  shock ; (7) im p ro v e ­
m e n t;  (8) convalescence; (9) irreversib le sep tic  sh o ck  on  th e  day  of d eath .

Specific  antibody titre. T o ta l a n tib o d y  (T A b) t i t r e  w as m easured  by  th e  passive  h aem ag- 
g lu tin a tio n  tech n iq u e  of N e te r  e t al. [2], carried  o u t  b y  a d ap ta tio n  to  T a k á ts y ’s m ic ro tit ra to r  
[3, 4]. O -an tigens o f th e  in fec tive  P. aeruginosa  se ro g ro u p s purified  by  u ltra c e n tr ifu g a tio n  [3] 
w ere  used  in passive  h aem ag g lu tin a tio n . A t e v a lu a tio n  i t  was com puted  w ith  th e  av erag e  of 
th o se  Ab titre s  w h ich  belonged to a certa in  s tag e  o f th e  infection. T hus, from  one s tag e  on ly  one 
A b t i t r e  per p a tie n t  w as ta k e n  in to  co nsidera tion .

Serum  sam ples w ere su b jected  to  2 -m erc ap to e th a n o l trea tm e n t to  d e te rm in e  IgG  ty p e  
A b-s. F resh ly  p re p a re d  0.2 mol/1 2 -m ercap to e th an o l w as added  in an  equal vo lum e to  five-fo ld  
d ilu te d  serum . Ab t i t r a tio n s  were perform ed in  tw o  double-fold d ilu tion  series o f th e  sam ples, 
s ta r tin g  from  th e  o n e -te n th  step . W hen c a lcu la tin g  th e  average titre s , a se ru m  sam ple  y ield ing  
no A b a t th e  s ta r tin g  level was considered to  c o n ta in  i t  in 1 : 5 d ilu tion . S ince th e  av erage  
o f A b titre s  rep re se n ts  a  geom etrical m ean, th e  v a r ia tio n  coefficient expressed  in  p e rce n t w as 
c a lcu la te d  by  th e  fo rm ula :

x i)2

Complement determ ination. In  th e  serum  sam p le s , C4, C3, C3—9 and  to ta l  co m p lem en t 
(TC) w ere m easu red  using  th e  m ethod of N elson  e t  al. [5] for C4, M ancini’s ra d ia l  im m u n o ­
d iffu sio n  tech n iq u e  as m odified  by  K ohler a n d  M ü ller-E b erh a rd  [6] for C3 w ith  ra b b it  a n t i ­
h u m a n  C3 serum  p re p a re d  as ou tlined  by M ard in ey  an d  M üller-E berhard  [7], th e  m eth o d  of 
T ow nes and  S te w a rt [8] for C 3-9, and th e  s ta n d a rd  m eth o d  for d e te rm in a tio n  o f TG a c tiv ity  
[9]. D eta ils  w ere g iv en  in  an  earlier p ap er [10]. T h e  no rm al value for C t i t r e  w as d e te rm in ed  
fro m  th e  sera o f 75 h e a lth y  persons [10].

Statistica l analysis . S ta tis tica l analysis w as do n e  b y  S tu d e n t’s t- te s t fo r e v a lu a tio n  of C 
v a lu es, an d  b y  th e  M a n n -W h itn ey  m ethod  in th e  case  o f Ab titre s. F o r co m p arin g  th e  n u m b er

v a ria tio n  coefficient % =  100 n u m  lg N £ ( l g  x jУ — (27 
(N  - 1 )  (271g
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Table I

S ig n i f i c a n c e  l im i t s  o f  th e  ra te  o f  c o m p le m e n t  t i tr e  d e c r e a se* d u r in g  p h y s io lo g ic a l
f l u c t u a t i o n s

Signifi­
cance 

lim it, %

T
CH50/ml

C4
C H Jn .1

C3
m g/100 ml

C3 9 
CHft0/ml

5 4.41 9 577 14.19 5.88

1 6.34 13 622 20.99 8.29
0.1 9.32 19 717 32.45 11.85

* d ecrease /d ay

of C a c tiv a tio n s  v ia  th e  a lte rn a te  and  th e  classical p a th w ay s , th e  / 2-te s t was used. T he ra p id i ty  
o f C -ac tiv a tio n  w as calcu la ted  on th e  basis o f  25 blood sam ples o f  5 h ea lth y  persons ta k e n  se­
rially  a t  2—5 d a y  in te rv a ls . The s ta n d a rd  e rro r of th e  m ean  of daily  decreases in TC, C3, C4 
and  C3-9 fo u n d  durin g  th e  physiological f lu c tu a tio n  a n d  m u ltip lied  w ith  th e  value  for th e  5, 1 
and  0 .1%  p ro b a b ility  levels of th e  t-tab le  co rrespond ing  to  th e  degree of freedom  gave  th e  
lim it o f n o rm al ra p id ity  o f t itre  decrease (T able  I).

C o m p le m e n t  a c tiv a t io n . A daily  t it re  decrease  be tw een  tw o  sera exceeding th e  lim it o f 
significance w as considered  a sign of C a c tiv a tio n . A sig n ifican t decrease could be o bserved  a t  
b o th  high an d  low  C levels, th u s  an  ac tiv a tio n  of th e  C sy s tem  does n o t y e t m ean a low C v a lue .

In  th e  case o f a sign ifican t decrease in th e  C4 t i t r e  as com pared  w ith  th e  fo rm er se ru m  
sam ple a c tiv a tio n  beginning th ro u g h  the  classical (C l) p a th w ay  was supposed. A sig n ifican t 
fall in th e  C3 or th e  la te  com ponents w ith o u t a decrease in th e  C4 frac tio n  was considered  a 
sign of a c tiv a tio n  via th e  a lte rn a te  (A l)  p a th w ay . A decrease  solely in th e  TC level w as n o t 
tak en  in to  consi .leration.

Results

C om plem ent component levels. C v alues o f th e  12 su rv it ing p a tie n ts  su f­
fering  from  m ild , m o d era te  or severe in fec tio n s an d  o f  th e  8 p a tie n ts  w ith  
le th a l o u tco m e  are p resen ted  by  co lum ns in Figs 1 an d  2. TC, C4, C3 a n d  
C 3-9 ti t re s  o f  p a tie n ts  still free of in fec tion  an d  of h e a lth y  con tro ls did n o t d iffer 
s ig n ifican tly . In  th e  fa ta l cases th e  level o f all C co m p o n en ts  was low er th a n  
in  th e  su rv iv in g  p a tie n ts  a t  th e  onse t of in fec tion . T he g rea te s t fall, one o f 
35%  Mas in  th e  C3 frac tio n . H en cefo rth , u n til  th e  d ev e lopm en t o f shock  in  
th e  TC, C3 a n d  C3—9 levels th e re  w as h a rd ly  a n y  d ifference betw een  th e  tw o  
groups. In  sepsis, th e  average values of all co m p o n en ts  exceeded th a t  o f th e  
h e a lth y  co n tro ls . One or tw o hours befo re  sep tic  shock , th e  titre s  o f TC , C3 
an d  C 3-9  b eg an  to  d im inish . In  sep tic  shock  all th e  fou r com ponen ts show ed  
a m ark ed  decrease, in d ica tin g  an  in ten s iv e  a c tiv a tio n  of th e  C sy stem . O n 
th e  d ay  o f  fa ta !  shock th e  decreases w ere even g rea te r . In  th e  su rv ivo rs, th e  h ig h ­
est TC, C3, C4 an d  C3—9 levels were m easu red  d u rin g  im p ro v em en t.

M ode o f  activation o f  the com plem ent system . A t th e  onset of in fec tio n , 
1-2 h befo re  shock , an d  d u rin g  im p ro v e m e n t an d  convalescence a c tiv a tio n  
could be o b se rv ed  only  th ro u g h  th e  Al p a th w a y . In  sepsis, too , the  Al m echan ism  
p re d o m in a te d . In  sep tic  shock, a c tiv a tio n  v ia  th e  Cl p a th w a y  was s ig n if ican tly
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F ig . 1. Level o f to ta l  com p lem en t and  C4 in  20 p a tie n ts  before and  d u rin g  P . aeruginosa
in fec tio n

m o re  fre q u e n t th a n  in  o th e r  stages o f th e  in fec tio n . F rom  th e  7 o b serv ed  a c t i ­
v a tio n s  in le th a l shock  in  4 th e  C sy s tem  h as been  a c tiv a te d  b y  th e  Cl m ech a ­
n ism . N e ith e r d id  in  th e  rem ain ing  4 cases in c lu d in g  th e  3 A1 p a th w a y  a c tiv a ­
tio n s , th e  C4 ti t re s  exceed  th e  v alue  o f 40 000 C H 63/m l. T he grow ing n u m b e r of 
a c tiv a tio n s  ra n  p a ra lle l w ith  th e  in c rea s in g  sev e rity  of in fec tions (T able I I ) . 
N o a c tiv a tio n  o f th e  C system  o ccu rred  in  p a tie n ts  s till free o f  in fec tio n  
( d a ta  n o t show n).

In ten s ity  o f  com plem ent activation. T h e  decrease of th e  level o f th e  d if­
fe re n t  C com p o n en ts  w as m ore ex p ressed  (low er average values) in  th e  case 
o f  a c tiv a tio n  th ro u g h  th e  Cl th a n  th ro u g h  th e  A1 p a th w a y  (T able I I I ) .  A ssu m ­
in g  a c o n s ta n t p ro d u c tio n , th e  r a te  o f a c tiv a tio n , i.e . th e  da ily  decrease 
is p ro b a b ly  m ore c h a ra c te ris tic  o f th e  in te n s ity  of a c tiv a tio n . C om paring
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th e  d a ily  decreases in  t i t r e  accord ing  to  a c tiv a tio n  b y  th e  A1 or Cl m ech an ism s, 
a c tiv a tio n  w as m ore ra p id  in  th e  la t te r  case in  ev e ry  C com ponen t (T ab le  I I I ) .  
T his d ifference w as o b served  from th e  onset o f in fec tio n  till th e  d e v e lo p m en t 
o f shock  a n d  also d u rin g  sep tic  shock  (d a ta  n o t  show n), and  w as s ig n if ic a n t 
in  th e  values of frac tio n  C3.

Specific  antibody levels during com plem ent activation. The A b t i t r e  o f  a 
se ru m  sam ple  y ie ld ing  th e  lower C v a lu e , i.e . th a t  ob ta in ed  a fte r  a c t iv a tio n  
w as e v a lu a ted . F ro m  th e  onset o f in fe c tio n  u n ti l  th e  developm ent o f  sh o ck , 
w hen  a c tiv a tio n  o f th e  C system  o ccu rred  b y  A1 m echan ism , th e  a v e rag e  T A b 
w as o n ly  h a lf  of th a t  observed  w ith  th e  Cl p a th w a y . In  septic  shock, h o w ev e r, 
in  th e  case of b o th  p a th w a y s  th e  av e ra g e  T A b t i t r e  w as very  low. T h e  T A b  
level o f su rv iv in g  p a tie n ts  was a lw ay s  h ig h er in d ep en d en tly  o f th e  m ode  
o f C a c tiv a tio n  (T able IV).
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Fig. 2. Level o f C3 a n d  C 3-9  in  20 p a tie n ts  before a n d  d u rin g  P . aeruginosa in fec tio n
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Table П

Complement activation via  classical and alternative pathw ays according to the severity and stages o f  P . aeruginosa infections

Severity Total
(20 patients) 

No. of
Stage*

Mild (3) No. of M oderate (4) No. of Severe (5) No. of Lethal (8) No. of

serum
complement
activations serum

complement
activations serum

complement
activations serum

complement
activations serum

complement
activations

samples
Cl A1

samples
Cl A1

samples
Cl A1

samples
Cl A1

samples
Cl A1

2 3 _ _ 6 _ _ 4 — l 5 — 3 18 — 4

3 l l 7 1 3 8 2 l 5 — 1 21 3 6

4 3 — — 5 l 9 — 4 26 2 9 43 2 14

5 — --  --- — — — — — — 4 — 4 4 — 4

6 — --  — — — — 3 1 1 10 — 6 13 1 7
7 l — — 4 — — 9 — 3 — — — 14 — 3

8 3 --  — 4 l 5 — — — — — 12 — 1

9 - — — — — — - — — 8 4 3 8 4 3

2-5 7 — l 18 1 4 21 2 6 40 2 16 86 5 28

6 +  9 — — -- — --  --- 3 1 1 18 4 9 21 5 10

P** — — — — — - — — — — — — — < 0 .0 5 NS

2-9 11 l 26 1 5 38 3 10 58 6 26 133 10 42

* See M aterials an d  m eth o d s — Serum  sam ples
** Sum  of s tages 2 -5  com pared  to  stages 6 +  9; e.g .: 5 Cl p a th w a y  a c tiv a tio n s  in  86 sam ples co m pared  to  5 a c tiv a tio n s  in  21 

sam ples
Cl =  classical p a th w ay ; A1 =  a lte rn a tiv e  p a th w a y ; N S =  n o t s ign ifican t
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Table II I

Average complement and mean rate o f  decrease in  
pathw ay

activation via the alternative or classical

Param eters Mode of No. of T a C3 C3 9
studied acti- acti- (CHs0/ml) (C H „/m l) (mg/100ml) (C H „/m l)

Average Л1 42 71.87* 71 238 189.46 129.77
of fractions ±  3.61 ±  7 889 ±12 .28 ±  6.37

Cl 10 53.89 36 120 129.22 102.56
±  9.39 ±  8 348 ±23.09 ± 1 0 .9 6

i> 0.05 0.05 0.05 0.06

D aily  decreases A1 42 3.93 ±  2 828** 14.64 12.02
4- 0.87 ±  508 ±  2.56 ±  2.10

Cl 10 5.86 - 1 8  281 — 28.54 — 13.82
±  2.68 ±  3 322 ±  7.03 ±  4.77

I> NS 0.001 0.05 NS

* M ean ±  s ta n d a rd  erro r of th e  m ean  
** P o s itiv e : increase

A1 =  a lte rn a tiv e  p a th w ay ; Cl =  classical p a th w a y ; N S =  no t significant

A sim ilar p a t te rn  w as observed  in th e  specific  IgG  ti tre s  w ith  th e  e x c e p ­
tio n  th a t  no s ig n ifican t difference w as fo u n d  even  before sep tic  shock b e tw een  
A1 or Cl p a th w a y  a c tiv a tio n .

Discussion

P h ag o cy to sis  an d  in trace llu la r “ k ill’’ a re  th e  m ost im p o rta n t fa c to rs  
ag a in s t P. aeruginosa  infection  [11—13]. F o r th e  p e rfec t function ing  o f  th is  
sy stem  specific  A b-s an d  C are needed  [11, 14 -16 ].

A ccord ing  to  recen t in v estig a tio n s th e  L P S  of d ifferen t G ra m -n eg a tiv e  
m icroorgan ism s a c tiv a te s  in d ifferen t w ays a n d  a t  d ifferen t degrees th e  C 
system  [17—20]. M oreover, d ifferences cou ld  he o bserved  even am ong  s tra in s  
be longing  to  th e  sam e species [21]. T h is m ig h t ex p la in  th a t  in G ram -n eg a tiv e  
h a c te r ia e m ia , a c tiv a tio n  of the  C sy s tem  could  occasionally  be o b se rv e d  
th ro u g h  e ith e r  th e  AI or Cl p a th w ay  [22].

D iffe ren t Pseudom onas s tra in s  d id  n o t a c tiv a te  th e  C system  id e n tic a lly  
in v itro  e ith e r  [23]. In  opson iza tion  e x p e rim e n ts  Pseudom onas was fo u n d  to  
a c tiv a te  b y  tu rn s  m ain ly  th e  A1 [16] or th e  Cl [11, 24] p a th w ay s , w hile m o st 
a u th o rs  o bserved  a m ore or less para lle l a c tiv a tio n  o f th e  o th e r p a th w a y , to o  
[11, 23—25]. In  our m a te ria l, th e re  w as no d ifference am ong  the  P. aeruginosa  
O -serogroups in a c tiv a tin g  the  C sy stem  b y  th e  A1 or Cl m echanism .

T he d isa d v a n ta g e  of our m e th o d s  is th a t  th e y  in d ica te  only  in d ire c tly  
th e  a c tiv a tio n  of th e  C system , by th e  decrease  o f th e  level of d iffe ren t c o m p o ­
n en ts . T hus, w hen th e  increased c o n su m p tio n  w as co u n te rb a lan ced  b y  an
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in c re a se d  p ro d u c tio n , no  ac tiv a tio n  could  be  observed . A t th e  onset o f  in fec tio n  
a n d  in  shock, h o w ev er, th e  decrease in  th e  C leve l m ay  be ascribed  n o t  on ly  to  
th e  co n su m p tio n  b u t also to  th e  increased  p e rm e a b ility  of th e  cap illa rie s , w hen  
p a r t  o f th e  se ru m  p ro te in s  is filte red  o u t fro m  th e  c ircu la tion  in to  th e  in te r s t i ­
t i a l  space in  p ro p o r tio n  to  th e ir  d iffusion  coeffic ien t [26 ,27]. In  ou r le th a l cases 
th e  decrease o f th e  Ig G  level (m o lecu lar w e ig h t: 160 000) w as 2 9 %  a t  th e  
o n se t of in fec tion  an  d 35%  in sep tic  sh o ck , w hereas th a t  o f C4 (m o lecu lar 
w e ig h t: 206 000) 3 0 %  a n d  51 % , th a t  o f C3 (m o lecu lar w eight : 180 000) 35 %  an d  
4 3 % , resp ec tiv e ly , w h ich  refers to  th a t  in  o u r  p a tie n ts  th e  C co m p o n en ts  w ere 
n o t  on ly  filte red  o u t  fro m  th e  in tra v a s c u la r  space  b u t h ad  becom e a c tiv a te d . 
A s C3 an d  C4 d iffe r o n ly  sligh tly  in  m o le c u la r  w eigh t, th e  in creased  cap illa ry  
p e rm e a b ili ty  could  n o t in fluence th e  o b se rv ed  ra te  of a c tiv a tio n  occu rrin g  
th ro u g h  th e  A1 a n d  Cl p a th w ay s .

I t  is d o u b tfu l w h e th e r th e  d irec t m e a su re m e n t of th e  C3 c leavage p ro d ­
ucts^ w ould h av e  in c reased  th e  n u m b e r o f  a c tiv a tio n s . Ow ing to  th e ir  q u ick  
tu rn o v e r ,  a t ra n s ie n t  increase of th e  C3b a n d  C3d co n cen tra tio n  m ig h t h av e  
re m a in e d  u n o b se rv ed  since blood sam p lin g  w as perfo rm ed  on ly  a t  2—4 d ay  
in te rv a ls . T he g re a te r  tra n sc a p illa ry  escap e  ra te  of th e  cleavage p ro d u c ts  
d u e  to  th e ir  m o lecu la r w eigh t being low er th a n  th a t  of C3 w ould  p ro b a b ly  
also  c o n tr ib u te  to  th e ir  being  left u n o b se rv ed .

T he p re sen t p a t ie n t  m a te ria l w as m o re  hom ogeneous th a n  th a t  in  o th e r  
e x a m in a tio n s  [10, 22, 28, 29], as all th e  20 p a tie n ts  suffered exc lu siv e ly  from  
P . aeruginosa  in fec tio n , an d  none of th e m  h a d  C deficiency befo re  in fec tio n  
(F ig s  1, 2).

S im ilarly  to  o th e r  G ram -nega tive  in fe c tio n s  [22, 28, 29], u n til  th e  dev e l­
o p m e n t of shock  th e  C level was e ith e r  n o rm a l or e levated  b o th  in  th e  su rv i­
v o rs  an d  th e  le th a l  cases except a t th e  o n se t o f in fection , w hereas in  b o th  
rev e rs ib le  and  irre v e rs ib le  septic  shock th e  C t i t r e s  were s ig n ifican tly  d ecreased . 
W e could  confirm  th e  o b serv a tio n s th a t  a c t iv a tio n  of th e  C system  m ay  precede  
th e  d ev e lo p m en t o f shock  caused by  G ra m -n e g a tiv e  b ac te ria  [10, 28].

A ccording to  o u r d a ta , C3, th e  la te  co m p o n en ts  an d  TC d ecreased  a t  a 
h ig h e r  ra te  i.e. m ore  ra p id ly  during  a c tiv a tio n  of Cl th a n  o f th e  A1 p a th w a y  
(T ab le  I I I ) .  T his m a y  ex p la in  th e  h ig h er e ffic ien cy  of cell-lysis a n d  o p so n iza ­
t io n  occu rring  b y  a c tiv a tio n  of th e  Cl p a th w a y  [30-32] an d  m ig h t in d ic a te  
t h a t ,  in  ag reem en t w ith  d a ta  in th e  l i t e r a tu r e  [11, 23—25], n o t o n ly  th e  Cl 
p a th w a y  b u t to  som e e x te n t also th e  A1 p a th w a y  becam e a c tiv a te d  an d  th e  
co n v ersio n  th ro u g h  b o th  o f th em  was a d d itio n e d  in  th e  la te  co m p o n en ts .

In  our p a tie n ts  th e  ra tio  of Cl a n d  A1 p a th w a y  a c tiv a tio n s  v a rie d  w ith  
th e  consecu tive  s tag es  o f th e  in fec tion , in  sp ite  of th e  presence o f th e  sam e 
P . aeruginosa  se ro g ro u p . M any a u th o rs  sh a re  th e  opinion th a t  th e  m ede o f 
C a c tiv a tio n  is in flu e n c e d  b y  th e  Ab t i t r e ,  i.e . in  th e  case of a low level i t  occurs 
v ia  th e  A1 p a th w a y  a n d  a high Ah c o n c e n tra tio n  prom otes th e  Cl m echan ism
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[20, 3 3 -3 7 ]. A c tiv a tio n  o f th e  Al p a th w a y  in  o u r cases occurred  a t  th e  o n se t 
o f in fec tio n  on th re e  occasions in  le th a l cases an il once in  a severe in fe c tio n  
w hen th e  A b t i t r e s  w ere s till low  (x =  1/56.6). A t th e  beginning  o f le th a l  
in fec tions th e  g ran u lo cy te  c o u n t decreased  b y  1 8%  an d  th e  th ro m b o c y te  
co u n t b y  2 6 %  (unpu b lish ed  d a ta )  an d  th e  re sp o n se  to  p h y to h a e m a g g lu tin in  
o f th e  ly m p h o cy te s  decreased  s ig n ifican tly  [38]. A t th e  sam e tim e  ch an g es 
in  th e  c o n c e n tra tio n  o f ce rta in  p ro te in  frac tio n s  a n d  im m unoglobu lins in d ic a te d  
an increased  p e rm e a b ility  o f th e  cap illa ries [26, 27]. T h e  te m p e ra tu re  o f  th e  
p a tie n ts  rose in  th ese  days a n d  sligh t c irc u la to ry  d is tu rb an ces  could he o b ­
served . All th e se  re fe rred  to  th e  effect of e n d o to x in . O ne m ay  th u s  assum e t h a t  
in our p a tie n ts  a t  th e  onset o f in fec tio n  an d  p ro b a b ly  also la te r  th e  a c tiv a tio n  
of th e  A1 p a th w a y  a t a low  A b c o n c e n tra tio n  w as a consequence of th e  p resen ce  
of I P S  [37].

Table IV

Specific  antibody titres at complement activation by classical and alternative pa thw ays in  
Pseudom onas aeruginosa infections. Reciprocals o f  geometrical means

Classical pathw ay

Stage o f  
infection

S urviving cases* L ethal cases Total

CA TAb IgG CA TAb IgG CA TAb IgG

2 - 5 * * 3 8 0 6 . 4 3 1 .8 2 3 2 0 . 0 2 8 .3 5 5 5 7 .1 3 0 . 3
( 1 4 4 ) ( 2 6 1 ) — ( 1 4 0 ) ( 1 3 9 ) ( 2 0 3 )

6  +  9 1 6 4 0 . 0 8 0 . 0 4 4 7 . 6 8 .4 5 8 0 .0 1 3 .2
( 2 5 0 ) ( 2 0 5 ) ( 2 5 3 ) ( 2 8 2 )

I>§ — — — NS NS
2 - 9  f 4 7 6 1 .1 4 0 . 0 6 8 9 . 8 “ 1 2 .6 1 0 2 1 1 .1 2 0 . 0

( 1 3 5 ) ( 2 2 0 ) ( 2 2 1 ) ( 2 1 5 ) ( 2 0 5 ) ( 2 3 9 )

A lternative pathw ay

Stage of 
infection

Surviving cases* Lethal cases Total

CA TAb IgG CA TAb IgG CA TAb IgG

2-5** i l 726.0 59.9 17 125.3° 12.3° 28 249.8 22.9

6 +  9 l
(168)
640.0

(139)
40.0 9

(173)
74.1

(209)
10.8 10

(190)
91.9

(277)
12.3

(250)
NS

(203)
NS

(252)
< 0.05

(209)
NS

2 -9 f 16 612.9 48.4 26 104.4° 11.7b 42 204.9 20.1
(161) (226) (198) (205) (200) (2601

* M ild, m o d era te  and  severe in fec tion  
** See M ateria ls a n d  m eth o d s Serum  sam ples 

§ Significance be tw een  groups 2—5 and  6 —f- 9
t  In c lu d in g  th e  d a ta  o f s tag es o f  im p ro v em en t a n d  convalescence 
CA =  No. o f com plem en t ac tiv a tio n s ; T A b to ta l  a n tib o d y  t itre , v a ria tio n  co effic ien t 

in p e rcen t in b ra ck e ts ; NS =  n o t sign ifican t
a,b,c S ign ifican t d ifference as com pared  to  su rv iv o rs: a p <  0.05, b p <  0.02, cp  <  0.01
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D u rin g  th e  d ev e lo p m en t o f in fec tio n  u n ti l  th e  onset o f  sep tic  shock  th e  
T A b  a n d  Ig G  levels o f  th e  su rv ivo rs su rp a sse d  tw o  to  six  tim es  th o se  observed  
in  th e  le th a l cases. W hen  in  th is  p e rio d  a c tiv a tio n  h ad  ta k e n  p lace  accord ing  
to  th e  Cl m ech an ism , th e  specific T A b lev e l w as m ore th a n  tw ice  h ig h e r th a n  
in  th e  case o f  A1 p a th w a y  ac tiv a tio n  (T ab le  IV ). T hus th e  h igh  T A b c o n c e n tra ­
t io n  h a d  in  fa c t c o n tr ib u te d  to  th e  a c t iv a tio n  o f th e  Cl p a th w a y . T h is w as due 
to  th e  fa c t  t h a t  th e  PS  p a r t  facing  th e  cell su rface  of th e  L P S  o f P . aeruginosa  
[39] in v a d in g  th e  c ircu la tio n  in sepsis, fo rm s an  im m une-com plex  w ith  th e  Ah 
a n d  a c tiv a te s  th e  Cl p a th w a y  [37]. S im ila rly  as cell-lysis an d  o p so n iza tio n , 
p h ag o cy to s is , kill a n d  e lim in a tio n  o f th e  b a c te r ia  from  th e  c irc u la tio n  occurs 
m o re  ra p id ly  an d  e ffec tive ly  in th is  case [23, 30—32], so a c tiv a tio n  o f th e  Cl 
p a th w a y  before th e  onse t o f sep tic  shock  a t h igh  Ah level m ay  in d ic a te  a b e tte r  
p ro g n o sis .

I n  irrev ers ib le  sep tic  shock, a c tiv a tio n  of th e  Cl p a th w a y  o ccu rred  a t 
v e ry  low  TA b an d  Ig G  Ah levels. I t  is su p p o sed  th a t  in  irrev e rs ib le  sep tic  
sh o c k  th e  g ran u lo cy tes  an d  R E S  cells c a n n o t to ta lly  e lim in a te  from  th e  c ircu ­
la t io n  th e  h igh n u m b e r o f dam aged  m icroo rgan ism s and  th e ir  d e g ra d a tio n  
p ro d u c ts . T his re su lts  in  en d o to x aem ia  w hen  th e  lipid-A  re leased  from  th e  
d eco m p o sed  b a c te r ia  an d  a tta c h e d  to  Clq is a c tiv a tin g  th e  C.1 p a th w a y  d irec tly  
e v e n  in  th e  absence o f A b-s [16, 19, 36, 40]. T h u s , our d a ta  show  th a t  in  h u m a n  
P . aeruginosa  in fec tio n  n o t th e  in d iv id u a l c h a ra c te ris tic s  o f th e  in fec tiv e  s tra in  
[23] h u t  th e  p a th o lo g ica l ev en ts  an d  th e  sp ec ific  Ab level d e te rm in e  th e  chang ing  
m o d e  as w ell as th e  in te n s ity  o f C a c tiv a tio n  d u rin g  th e  w hole p rocess. In  our 
cases  i t  w as n o t an  in su ffic iency  o f  th e  C sy s te m  th a t  was m a in ly  re sponsib le  
fo r th e  le th a l ou tco m e . T he re la tiv e  lack  o f  c ircu la tin g  A b-s m a y  p la y  th e  
dec is iv e  ro le in  i t ,  in d u c in g  fa v o u ra b ly  th e  a c tiv a tio n  of th e  less e ffic ien t A1 
p a th w a y .

Acknowledgement. W e are  in d eb ted  to  D r. A. K á ta y , la te  d irec to r o f L ászló  H o sp ita l for 
In fe c tio u s  D iseases, for k in d  perm ission of sam pling .
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INTEREFERENCE BETWEEN HUMAN HEPATITIS 
A VIRUS AND AN ATTENUATED 
APATHOGENIC AVIAN VIRUS*
L. K. Cs a t a r y , L. K asza  and R. J. M a s s e y

V irg in ia  Cancer Research in s titu te , A rlin g to n , Virginia and R ush Presbyterian St. L u k e 's  
M edical Center, Chicago, Illino is, U S A

(R ece iv ed  D ecem ber 16, 1983)

T he effect of an  a tte n u a te d  a p a th o g en ic  av ian  bu rsa  v iru s on th e  course o f h u m a n  
h e p a ti tis  A v ira l infection  was s tu d ied  in  m arm o se t m onkeys. T he m onkeys were in fec ted  w ith  
h u m an  h e p a titis  A v irus, th e n  su p erin fec ted  w ith  av ian  b u rsa  v iru s one and th ree  w eeks 
a f te r  in itia l inocu lation  w ith  h u m an  h e p a titis  A virus. T he su p erin fec ted  m onkeys d id  n o t 
show  th e  ch arac te ris tic  serum  g lu ta m ic  p y ru v ic  tran sam in ase  (SG PT ) e levation . Also th e ir  
liver biopsies show ed no p a tho log ic  changes. T he v irus con tro l an im als ex h ib ited  six  tim es  
h ig h er SG PT  enzym e e levation  th a n  th e  superin fected  groups, and  h e p a titis  was d e tec ted  b y  
h is to p ath o lo g y . T his ex p erim en t, as k n o w n  to us, is th e  f irs t  in w hich  a d e fin ite  in te rfe ren ce  
w as d o cu m en ted  using a n o n p a th o g en ic  v iru s against a h ighly p a th o g en ic  an d  clinically  sig n if­
ic a n t h u m an  virus. T his should  be considered  a successful e x p erim e n t d em o n s tra tin g  t h a t  
th e  use  o f an  ap a th o g en  v irus for th e  cu re  o f a v irus-induced  disease is a realis tic  poss ib ility .

A lthough  in tense ly  s tu d ie d  fo r th e  la s t s ix ty  y ears , v ira l h e p a titis  rem a in s  
a m a jo r pub lic  h e a lth  p rob lem . V iral ; h ep a titis  is caused  b y  several d iffe ren t 
v iru ses. H ep a titis  A v iru s (H A V ) accoun ts for 6 0 -8 0 %  o f th e  rep o rted  cases, 
a n d  h e p a titis  В v iru s (H B V ) is responsib le  for 1 0 -3 0 %  [1]. In  ad d itio n , b a sed  
on th e  lack  o f HAV an d  H B V  an tib o d ies , th e  ex istence  o f  a t  least a th i rd  
ty p e  o f v ira l h ep a titis  (non-A , non -B ) an d  possible o th e rs  w ere suggested  [2]. 
H e p a titis  A is t r a n s m itte d  p rim a rily  b y  th e  fecaloral ro u te  an d  occurs endem i- 
ca lly  an d  epidem ically . T he tran sm iss io n  tak es  place b y  c o n ta m in a te d  w a te r , 
food an d  d rin k  [3]. H e p a titis  В is tra n sm itte d  b y  d irec t in o cu la tio n  a n d  b y  
close personal co n tac t, a n d  is u su a lly  endem ic. H e p a titis  non-A , n o n -B  is 
c u rre n tly  recognized p rim a rily  in  po st-tran sfu sio n  p a tie n ts  [3].

HAV infection  rem ains a m a jo r public h e a lth  p rob lem . T here  is no 
vaccine or special t re a tm e n t ava ilab le . M arm oset m onkeys are  a su ita b le  
ex p e rim en ta l model for s tu d y in g  HAV [4]. T he v iro logical, serological a n d

L aszlo  К . Cs a t a r y , L o u is  K asza 
Virginia Cancer Research Institu te  
1600 S outh  Eads S t., Arlington, Virginia 22202. USA
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* This experim ent was supported by  a g ran t from  the  Virginia Cancer Research In s titu te .

Acta Microbiologica Hungarica 31, 1984



154 CSATA R Y et al.

p ath o lo g ica l changes t h a t  characterize  H A Y  infections an d  ty p e  A h ep a titis  
in  h u m a n  p a tie n ts  can  be  reproduced  ex p e rim e n ta lly  in th ese  an im als [5]. 
H ow ever, th e  signs a n d  sym ptom s are  less rem ark ab le  in m onkeys th a n  in 
h u m a n s . The aim  o f th is  s tu d y  was to  d e te rm in e  w h e th e r th e  infection  of 
m arm o se ts  by  H A V  cou ld  be altered  by  ad m in is te rin g  an  av ian  b u rsa  vaccine
[6] postin fection .

M aterials an d  m ethods

H u m a n  hepatitis A  v iru s. Faecal specim ens w ere  o b ta in ed  d u rin g  th e  acu te  phase of 
h e p a ti t is  A (MS-1 p ro to ty p e )  fro m  an infected ch im p an zee . Ino cu la  for in tra m u sc u la r  inocu la­
tio n s  consisted  of a 5%  fecal suspension (w /v) d ilu te d  in  p h o sp h a te-b u ffe red  saline (pH  7.2), 
c la rified  (300 g for 30 m in .), filte red  (0.45 n m  f i l te r  p rew ashed  w ith  H a n k ’s balanced  salt 
so lu tio n  con tain ing  1%  a lb u m in ). The inoculum  w as d ilu te d  1 : 500 an d  0.5 m l inocu la ted  per 
an im a l. This dose of v iru s  in d u ces h ep atitis  in in o cu la te d  an im als u su a lly  w ith in  five to six 
w eeks.

A via n  bursa vaccine. M arm oset m onkeys w ere  in o cu la ted  w ith  th e  B u rsa  D isease V ac­
c ine  (S terw in  L ab o ra to rie s , In c . Millsboro, D e law are ; B u rsa -v ac  No. G-603). T his vaccine is 
u se d  fo r th e  p re v en tio n  o f a v ia n  bursa  disease. E a c h  m arm o se t m onkey  was inocu la ted  w ith 
50 u n its  orally  and 50 u n its  in tra n asa lly  on d ay s described  below.

A nim als . In  an  e x p lo ra to ry  s tu d y  before th e  s ta r t  of th e  m ain  ex p erim en t, th e  effect 
o f  a v ia n  bu rsa  v irus w as s tu d ie d  in four a d u lt, w ild- c au g h t an d /o r co lony-born  and reared 
red -b e llied  m arm oset m o n k ey s  ( Saguinus labiatus la b ia tu s) . F o u r m onkeys served as u n in ­
o c u la ted  controls.

In  th e  m ain  e x p e rim e n t, th e  m onkeys w ere d iv id ed  in to  five  ex p erim en ta l groups of 
fo u r  an im al each. In  each  a n im a l the  baseline en zy m e va lues w ere d e te rm in ed  p rio r to inocu­
la tio n . Baseline d a ta  o f th re e  consecutive w eeks in c lu d ed  serum  g lu tam ic  oxaloacetic  tra n s ­
am in a se  (SGOT) and  se ru m  g lu tam ic  pyruv ic  tra n sa m in a se  (SG PT). P e rcu tan eo u s  liver biopsies 
w ere  perform ed on th e  th ird  w eek. E ach group w as tre a te d  in th is  follow ing m an n er: Group 1, 
in o c u la te d  w ith  sa line; G roup  2, inoculated  w ith  H A V ; G roup 3, in o cu la ted  w ith  HAV and 
t r e a te d  w ith  bu rsa  v acc in e  one  week p o st-in o cu la tio n ; G roup 4, in o cu la ted  w ith  HAV and 
t r e a te d  w ith  bursa  v acc in e  th re e  weeks p o st-in o cu la tio n ; and  G roup 5, ino cu la ted  w ith  HAV 
a n d  tre a te d  w ith  b u rsa  v acc in e  five  weeks p o s t- in o cu la tio n . T he tre a tm e n ts  w ith  bu rsa  vaccina 
w ere  rep ea ted  four co n secu tiv e  days in each v a c c in a te d  anim al.

D uring  th e  e x p e rim e n t, each  anim al w as b led  w eekly and p e rcu tan eo u s  liver biopsies 
w ere  perform ed b i-w eekly , e x c e p t for th e  f if th  a n d  six th  weeks. SG O T /SG PT  levels were 
d e te rm in e d  for each se ru m  sam ple . Serum  (a p p ro x im a te ly  0.2 m l) w as s to red  a t  20 °C for 
f u tu re  evaluations. T issue  sec tio n s of th e  liver b iopsies w ere h is to p ath o lo g ica lly  ev aluated  for 
ev id en ce  of hep atitis . All an im a ls  were sacrified  a t  10 w eeks, and  necropsies w ere perform ed. 
All m a jo r tissues w ere sav ed  in  10%  buffered  fo rm alin . In  th is  re p o rt, we em phasized  th e  two 
m a jo r  param ete rs  of v ira l h e p a ti t is  A, th e  presence or absence of e lev ated  enzym e level (SG PT) 
a n d  th e  presence or ab sen ce  o f histological ev idence  of hep atitis .

R esu lts

In  th e  e x p lo ra to ry  experim en t, th e re  w as no ev idence th a t  th e  av ian  
b u rs a  v irus affec ted  th e  an im als. The S G P T  and  liver b iopsies rem ained  in 
n o rm a l range.

In  th e  m ain  e x p e rim e n t, th e  base line  d a ta  rem ain ed  w ith in  a norm al 
ra n g e . The d a ta  d u rin g  th e  v iral exposu res are  d e m o n s tra te d  in Figs 1, 2 
a n d  3 and  are describ ed  below.

Group 1. T ra n sa m in a se  levels rem ain ed  n o rm al an d  th e re  w as no h is to ­
log ic  evidence o f h e p a ti t is  th ro u g h o u t th e  ex p erim en t.
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Fig. 1. In te rfe ren ce  be tw een  h u m an  h ep a titis  A v iru s and  an  a tte n u a te d  apathogen ic  a v ia n
b u rsa  v irus. •  •  G roup 1, saline con tro l О ------- О G roup 2, HAV inoculated , # • • • • •
G roup 3, HAV -(- b u rsa  v irus 1 w eek p o st inocu lation , ■ • — • G roup  4, HAV -f- b u rsa  v iru s

3 weeks p o st inocu la tion

Fig. 2. L iver biopsy from  m arm o se t m onkeys in ocu la ted  w ith  HAV. B iopsy was done  five  
w eeks a f te r  in o cu la tio n  w ith  HAV. T here  is focal leu kocy tic  in f il tra tio n , hepatocellu lar necrosis 

and cellu la r d eg en eration . H aem ato x y lin -eo sin  s ta in , X 150

Group 2. SG PT  levels rem ain ed  norm al u n til th e  f if th  week p o st-in o cu la ­
tio n . On w eek five, th e  average  SG PT level w as six  tim es  th e  baseline va lu e  
and  th e re  M as h isto log ical ev idence of h e p a titis  (F igs 1 and  2). On w eek six , 
average  SG PT  levels w ere tw ice th e  baseline, va lue , a n d  th e re  was still ev idence
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F ig . 3. L iv e r biopsy from  m arm o se t m onkeys in o cu la te d  w ith  HAV follow ed b y  in o cu la tion  
w ith  a v ia n  b u rsa  virus one w eek la te r. B iopsy w as do n e  five weeks a fte r in o cu la tio n  w ith  HAY. 
T h e  n o rm a l a rch itec tu re  o f th e  liver can  be recognized . H aem ato x y lin -eo sin  s ta in . X 100

o f  h e p a ti t is  m icroscopically , a lth o u g h  in flam m atio n  was n o t as severe as 
seen  on  w eek five. A t seven  w eeks, th e  S G P T  levels and  liv er b iopsies becam e 
a n d  rem a in ed  norm al th ro u g h  10 w eeks.

Group 3. No ev idence of h e p a titis  w as observed; SG PT  levels rem ain ed  
n o rm a l and  liver h isto logy  rem ain ed  n o rm a l th ro u g h  w eek 10 (F igs 1 an d  3).

Group 4. The re su lts  w ere th e  sam e as for G roup 3.
Group  5. SG PT levels rem ain ed  n o rm a l un til week five  a t  w hich  tim e 

th e re  w as a fivefold increase . C o n ta m ita n tly , th e re  was h isto log ica l evidence 
fo r  h e p a tit is . On week six , th e  SG PT  levels re tu rn e d  to  tw ice th e  b ase lin e , and 
th e r e  w as still evidence o f h e p a titis  m icroscop ica lly  sim ilar to  t h a t  o bserved  in 
G ro u p  2 a t  week six. A t seven w eeks, th e  SG PT  levels rem ain ed  n o rm a l and  
liv e r  b iop sy  m orphology  re tu rn e d  to  n o rm a l, an d  it  rem ained  n o rm a l th ro u g h  
10 w eeks.

A ll anim als w ere sacrificed  on  w eek  te n  an d  au topsies w ere perfo rm ed . 
N o gross patho logy  w as o bserved  in  a n y  o f th e  anim als. T issues from  liver, 
lu n g , k id n ey , spleen an d  h ra in  w ere p rocessed  and  slides w ere m ad e  fo r m icro­
sco p ic  ev a lu a tio n s. No liv e r p a th o lo g y  w as observed  and  all o th e r  tissu es  a p p e a r­
ed n o rm al.

In  add ition  to the SG PT  enzym es, th e  SGOT enzym es were also d e te r­
m in e d . T he levels o f th e  SGOT enzym es did n o t show sig n ifican t changes in
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differen t g roups d u rin g  th e  course of th is  e x p e rim e n t. I t  should be n o te d  
th a t  th e  SG PT , a n d  n o t th e  SGOT enzym es a re  th e  m ost sensitive in d ic a to r  
o f h ep a titis  in  m arm o se t m onkeys [5].

D iscussion

One o f us (L K C ) m ade an  o b se rv a tio n  th a t  co n cu rren t v ira l in fec tions 
can  sig n ifican tly  in flu en ce  th e  ou tcom e o f v ira l a n d  h y p o th e tic a l v ira l d iseases 
in  hu m an s [7, 8]. B y  sy s tem a tic  d a ta  co llection , th e  m ost rem ark ab le  in h ib i­
tions were seen in  th e  h u m a n  herpes [7] an d  h e p a tit is  v ira l infections. U n d e r 
carefu lly  co n tro lled  an d  m on ito red  co n d itions th e  ap a th o g en ic  b u rsa  v iru s  
in te rfe red  w ith  b o th  th e  h u m an  h e p a titis  A a n d  В v ira l infections. The in te r ­
ference was recogn ized  in  sp ite  o f th e  fac t t h a t  IIA V  is an  R N A  an d  H B Y  
is a D N A  v irus, a n d  th e y  differ from  each  o th e r  in  a lo t o f ch a rac te ris tic s . 
T he b u rsa  v iru s is a d o u b le -s tran d ed  R N A  v iru s . T h is pecu lia r R N A  s tru c tu re  
o f  th e  bu rsa  v iru s  m a y  possib ly  esplain w hy  b o th  h e p a tit is  v iruses are a ffec ted .

F or e v a lu a tio n  o f these  ob se rv a tio n s, su ita b le  an im al m odels w ere 
soug h t to  s tu d y  th e  in te rfe ren ce  un d er e x p e rim e n ta l cond itions. I t  w as fo u n d  
th a t  th e  effect o f  an  oncogenic an im al v iru s  can  he fav o u rab ly  in fluenced  b y  
h u m an  in fluenza  v iru s  [7]. In  a p re lim in ary  e x p e rim e n t, i t  was also found  t h a t  
th e  av ian  en cep h a litis  v iru s m arked ly  (70% ) red u ced  th e  m o rta lity  o f  m ice 
p re in o cu la ted  w ith  a s tra in  of rab ies v irus. T he o th e r  six  v iruses in th e  sam e 
ex p erim en t — a v ia n  N ew castle , duck  p lague vacc in e , av ian  infectious b ro n ­
ch itis , b u rsa  v iru s , can ine  h e p a titis  an d  can in e  d is tem p er h ad  little  o r no  
effect on m o rta li ty  [9J. F rom  th is  rab ies e x p e rim e n t p rev iously  m en tio n ed , 
i t  can  be concluded  th a n  w hen v ira l in te rfe ren ce  is u sed , th e  key p o in t is to  
f in d  th e  su itab le  in te rfe rin g  v irus w hich is a p a th o g en ic  to  th e  host an d  w h ich  
is capab le  o f e lim in a tin g  th e  h a rm fu l effect o f  th e  p a th o g en ic  v irus. In  a n o th e r  
ex p erim en t, in te rfe ren ce  was also found  b e tw een  R o u s’ sarcom a, M arek ’s 
disease an d  a v ian  b u rsa  v iruses [9]. T he m ech an ism s o f in terference  n eed  a 
g re a t deal o f fu r th e r  ex p lo ra tio n . A m ong o th e rs , th e re  are  possibilities t h a t  
th e  apa thogen ic  v iru s  in terferes b y  (i) in h ib itio n  o f th e  a tta c h m e n t o f  th e  
path o g en ic  v iru s  on th e  cellu lar recep to r, (ii) in te rc e llu la r  inh ib ition  o f  v ira l 
rep ro d u c tio n , a ssem b ly  an d  m a tu ra tio n  n  cells b y  th e  challenging v iru s , 
(iii) in te rfe ro n  p ro d u c tio n , (iv) s tim u la tio n  o f  im m uno-response  induced  b y  
th e  superin fec ting  ap a th o g en ic  v irus.

In  our m ost recen t in vivo ex p erim en t [10], we succeeded en h an c in g  
th e  v irus in te rfe ren ce  phenom enon  by  ad d in g  to  th e  in te rfe rin g  v iruses an  
an tih is tam in ic  c o m p o u n d  (ch lo rp rom azine), [ I I ] .

The f if th  g ro u p  o f  fo u r an im als w as su p e rin fec ted  five  weeks a fte r HAV 
in fection . This g ro u p  d id  n o t show  differences in  S G P T  a n d  liver h is to p a th o lo g y  
from  th e  p ositive  c o n tro l group . V ery like ly , th e  reaso n  is th a t  in m arm o se t
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m o n k ey s  th e  d e tec tab le  sy m p to m s are  a lre a d y  p resen t a t  fiv e  w eeks, sim ilar 
to  th e  illu s tra tio n  in  F igs 1 and  2. In  h u m a n s , in  w hich th e  course o f th e  diseas 
is m o re  severe an d  la s ts  longer th a n  in  m o n k ey s , th e  beneficial e ffects o f th e  
in te r fe r in g  v irus could  la s t p ro b ab ly  m u c h  longer. E ven  w hen  clin ical signs 
a re  a lre a d y  p resen t, th e  su p erin fec tin g  su ita b le  v irus is capab le  o f in te r ru p tin g  
th e  pa th o lo g ica l p rocess in  any  p h ase  o f  th e  disease. E x p e rim en ts  h a v e  been 
in i t ia te d  using an im al m odels for th e  s tu d y  o f  th e  effects of a p a th o g en ic  v iruses 
on  h u m a n  h ep a titis  В and  non-A , non -B  v ira l infections.
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In tro d u c tio n

T h e  increasing  p ressu re  o f  p o p u la tio n  an d  p re d ic te d  world food sh o rta g e  
have c re a te d  a dem and  for new  p ro te in  sources for h u m an  n u tr itio n . T h is  has 
m ain ly  been  seen in  u n derdeve loped  co u n trie s  w here increasing  m a ln u tr it io n  
is an im p o r ta n t  p rob lem  req u irin g  an u rg e n t so lu tion .

In te n s iv e  research  has heen carried  o u t to  fin d  an d  develop cheap  sources 
o f p ro te in  such  as y e a s t, fungi, b ac te ria  an d  algae. B iom ass con ta in in g  a t  le a s t 
50%  o f p ro te in  can he p ro d u ced  by  each o f  th ese  groups o f m icroorgan ism s 
and  th e  te rm  Single Cell P ro te in  (SGP) has th e re fo re  been applied  to  th e  p ro d ­
ucts. N ev erth e less , due to  th e ir  h igh c o n te n t o f p ro te in  and  the ir rap id  g ro w th  
on a v a r ie ty  o f su b s tra te s , m icroorganism s a re  p o te n tia lly  a sign ifican t source 
of p ro te in  for n u tr itio n a l use [1]. The m ain  in cen tiv e  for the  w id esp read  
research  on th e ir  u tiliza tio n  as food is p ro v id ed  b y  a u th o rita tiv e  p rognoses 
concern ing  w orld  food supplies an d  p o p u la tio n  increase  [2].

Since 1967, conferences and  sym posia  on Single Cell P ro te in  h av e  p o in te d  
ou t som e prob lem s concern ing  m a n y  to x ico log ica l, psychosocial, p h y sio lo g ­
ical a n d  n u tr i t io n a l fac to rs associa ted  w ith  th e  use o f SCP. F u r th e rm o re , 
several au th o rs  [2 -8 ] have  sum m arized  m ost o f th e  know ledge o f  d iffe ren t 
ty p es o f SCP as a source o f food for h u m a n  a n d  an im al n u tr itio n . M any  eco n ­
om ic, processing , n u tr itio n a l, sa fe ty , re g u la to ry  an d  fu n c tiona l c r ite r ia  m u st 
be fu lfilled  before  SCP will be genera lly  av a ilab le  and  acceptab le .

F r a n k  H e r n a n d e z  R ohai.es
Laboratorio de Bioquimica y Nutrición. Dirección de Biomedicina, Centro Nációnál île Investigaciones Cientifieus. 
Aptdo. 6940. Eu H abana, Cuba
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SC P for h u m a n  food  has been successfu lly  accep ted  w hen grow n on 
v a r io u s  sources of s u b s tra te  such as m olasses, s ta rch , h y d ro ca rb o n s , w aste  
b y -p ro d u c ts , e th an o l a n d  m e th an o l [2, 9 15]. B u t th e  use of SCP d ire c tly  as 
h u m a n  food m ay be h a m p e re d  by  severa l serious shortcom ings [16]. Most 
o f  S C P  sources co n ta in  p h arm aco ac tiv e  or to x ic  substances.

Food yeast is th e  o n ly  exam ple of SC P w hich  is cu rre n tly  p ro d u ced  for 
u se  as h u m an  food [17]. N ow adays th e  m o st p o p u la r  food y easts  are  com ing 
fro m  Saccharomyces a n d  Candida  genera a n d  th e ir  p o ten tia l as a source  of 
p ro te in  for hum an  co n su m p tio n  will lie an a ly sed  below.

Yeast technological processes

K eep ing  in m ind th e  above co n sid e ra tio n s , m uch of th e  re sea rch  and  
d e v e lo p m e n t on SCP has been  c o n cen tra ted  on th e  p ro d u c tio n  o f b iom ass. 
F o r  p o te n tia l  h u m an  use, how ever, b iom ass from  yeast should  be reg a rd ed  
as a p ro te in -rich  raw  m a te r ia l requ iring  f u r th e r  processing before i t  w ould 
b e c o m e  valuab le  as a h igh  p ro te in  food [4]. I t  has been d e m o n s tra te d  th a t  
p ro te in  co n cen tra tes  or iso la tes p rep ared  fro m  SCP have a b e tte r  n u tr i t io n a l 
q u a l i ty  th a n  th e  orig inal in ta c t  cell [1, 2] b ecau se  of th e ir  nucleic acid  c o n te n t, 
th e  p resen ce  of u n d esirab le  physio logically  a c tiv e  com ponents, th e  dele terious 
e ffec ts  o f  cell wall m a te ria l on p ro te in  b io a v a ila b ility  and the lack  o f req u is ite  
a n d  d isc re te  fu n c tio n a l p ro p ertie s  of in ta c t  cells [4].

M any m ethods h av e  been  developed to  im prove th e  overall n u tr i t io n a l 
p ro p e r tie s  and  efficiency o f  y eas t p ro te in  [1, 2, 18-21].

M ost of th e  tech n o lo g ica l processes g en e ra lly  begin b y  ru p tu r in g  th e  cell. 
T h is  is followed by  p ro te in  e x trac tio n  b y  one or a com bination  of v a rio u s  
m e th o d s . Cell ru p tu re  a n d  p ro te in  e x tra c tio n  a re  m ade by m eans of endogenous 
o r exogenous enzym es, m echan ical devices, chem ical so lvents or using  p h y sico ­
ch em ica l p roperties [2 2 -2 9 ]. F o r yeast cell r u p tu re  Asenjo a n d  D u nn ill [30], 
h a v e  recen tly  described  an  econom ic an d  e legan t m ethod  in w hich  th e y  
iso la te d  a com plex o f y e a s t- ly tic  enzym e on  a p ilo t scale from  Cytophaga  
spec ies an d  im m obilized  th is  enzym e co m p lex  on soluble po lym eric  c a rb o ­
h y d ra te s  from  w hich th e y  o b ta in  fu r th e r  ru p tu r e  of y eas t cells. M osqueira 
e t a l. [31] have deve loped  a m ech an ica l-cen trifu g a l s tu d y  o f b a k e rs ’ y e a s t 
w h ich  show ed a good co rre la tio n  betw een la b o ra to ry  and  in d u str ia l scale of 
p ro te in  functional p ro p e rtie s . O ther m e th o d s  h a v e  also been discussed in  th e  
l i t e r a tu r e  [4, 32—36].

N evertheless, all th e se  m ethods are  tim e  consum ing and  fail to  p ro d u ce  
a y e a s t  p ro te in  c o n c e n tra te  or isolate w ith  ce rta in  estab lished  sa fe ty  and 
s u p e r io r  n u tr itio n a l q u a lity . In  sp ite  of th is , PA G  guideline No. 12 [37] is 
a g e n e ra l guide for p ro d u ce rs  on processes fo r  p ro d u c ts  from  SCP for h u m a n
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co n su m p tio n . The end  p ro d u c t m u s t be su b m itte d  to  in tensive e v a lu a tio n s  
in  o rd e r to  prove w ith  c e r ta in ty  its  sa fe ty  an d  good n u tr itio n a l c h a ra c te r is tic s  
for m an  1.48. 39].

A n o th e r procedure  is fre q u e n tly  n eed ed  fo r nucleic acid re d u c tio n  to  
levels req u ired  for h u m a n  co n su m p tio n . A process o f p roducing iso la ted  y e a s t 
p ro te in  low  in nucleic acid  by add ing  exogenous nucleases to  p ro te in  s e p a ra te d  
from  ru p tu re d  yeast cells, has been  re p o r te d  [26] and , L im blom  [32] an d  
H edenskog  and  E b b in g h au s  [40] show ed  a decrease in nucleic acid by c o m b in ­
ing ionic s tre n g th , h ea t tre a tm e n t a n d  acid  p re c ip ita tio n  w ith a lka line  p ro te in  
e x tra c tio n . Sinskey an d  T an n eb au m  [4 1 1 rev iew ed  th e  possible a d v a n ta g e s

Table 1

Nucleic acid content, per cent, in some single cell protein sources

Ca n di da 1 i polyl i ca 9.0 11.5
Saccha ro myces cerevis i a e 6.0 8.0
Saccharomyces carlsbergensis 6.0 7.5
Candida tropicalis 8.5 9.7
Candida at i lis 7.5 10.5
Pseudomonas sp. 17.0 18.5
S p iru lin a 3.8 4.6

and  d isad v an tag es  o f th e  m ethods fo r nucleic acid  rem oval from  SC P. F ro m  
all of th e se  papers it is c lea r th a t th e  kn o w n  processes for nucleic acid re d u c tio n  
have n o t so lved th e  p rob lem  of o b ta in in g  a su itab le  fina l p roduct.

C onven tional p rocedures of th e  re d u c tio n  o f nucleic acid and  e x tra c tio n  
o f y eas t p ro te in  can p roduce  ex ten siv e  p ro teo ly sis  b y  endogenous p ro te a se s  
red u c in g  th e  to ta l yield o f  p ro te in . N ucleic acids c o n s titu te  one of th e  m ain  
fac to rs  lim itin g  th e  use o f yeast as a food source  for hum an  n u tr i t io n . T he 
c o n te n t o f nucleic acids in  various m icro o rg an ism s is show n in T ab le  I.

U ric acid is th e  f in a l m etabolic  p ro d u c t fo rm ed  in m an from  th e  p u rin e  
m o ie ty  o f  nucleic acids. In  m an th e  level of uric ac id  in p lasm a a n d  u rin e  is 
a ffec ted  by  tw o m ain  fac to rs : th e  p u rin e  and  p ro te in  con ten ts.

U ric acid is inso lub le  at physio log ical p H . W hen th e  blood u ric  acid  
level is h igh , c rysta ls  m a y  form  in th e  jo in ts , causing  gout or g o u ty  a r th r i t is  
[16], because  m an lacks th e  enzym e uricase  fo r oxidizing uric ac id  to  th e  
su b s ta n c e  a llan to in  w hich is e lim in a ted  in  u rin e . T hus the  nucleic acid  in 
y eas t cells m ust lie red u ced  by a n y  process since th e  daily  in tak e  o f  nucleic  
acid from  y eas t should  n o t exceed 2 g o n  d ry  w eight basis [42]. M any p ro c e d ­
ures for nucleic acid red u c tio n  have  been  a ssay ed  [20, 25, 26, 4 3 -4 5 ].

A w ell-know n p rob lem  is th a t  som e SCP p ro d u c ts  from  techno log ica l 
processes p rovoke a lte ra tio n s  of th e  p ro x im a l p a r t  o f th e  renal tu b u li ,  be in g  
the  n e p h io tic  fac to r induced  by t r e a tm e n t  w ith  0.1 in sodium  h y d ro x id e

.Id a  Microbiologica Hunearica 31, 1984
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d u r in g  m a n u fac tu rin g . T h is fac t has been d isco v ered  to  be due to  ly s in o a lan in e , 
a to x ic  d e riv a tiv e  o f  ly sine  [46-48].

D u rin g  yeast t r e a tm e n t  d é n a tu ra tio n  o f  p ro te in , racem ization  o f am ino  
ac id s , b e ta -e lim in a tio n  an d  cross-linking o f  c e r ta in  am ino acids an d  fo rm a tio n  
o f  p o te n tia lly  a n tin u tr i t iv e  com pounds, c a n  be  a serious p rob lem  because  
fu n c tio n a l p ro te rtie s  are  s ig n ifican tly  d e s tro y e d  and u tiliz a tio n  o f  yeast 
p ro te in  is lim ited  in food  ap p lica tio n  [4, 49, 50]. F u n c tio n a l p ro p ertie s  o f y e a s t 
p ro te in s  m u st be e v a lu a te d  if  one w an ts  to  know  how these  new  p ro te in s  
b e h a v e  in  specific food  system s and  if th e y  can  be  used as an a d d itiv e  in  d ie t, 
to  re p la c e  or s im u la te  co n v en tio n a l p ro te in s  in d iffe ren t foods an d  th e ir  c a p a c ­
i ty  fo r p ro d u c tio n  o f new  pro te inaceous foods [4]. C haracteristic  p ro p e rtie s  
o f so lu b ility , flav o u r an d  te x tu re  to g e th e r w ith  th e  foam ing an d  em ulsify ing  
c a p a c ity  of y east p ro te in s  have ex ten siv e ly  b een  stud ied  [21, 34, 51, 52] 
a lth o u g h  we should  n eed  m ore in fo rm atio n  a b o u t th e  fu n c tio n a l p ro p e rtie s  
o f  y e a s t  if  one w ould  w ish to  in troduce  i t  in  th e  food system .

T h e  yeast cell wall is a n o th e r fac to r s ig n if ic a n tly  affecting th e  n u tr i t io n a l 
v a lu e  o f  y east. A n im p o r ta n t  decrease in y e a s t d igestib ility  occurs because 
th<‘ cell wall does n o t allow  th e  ac tion  o f g a s tro in te s tin a l h y d ro lases.

T h e  m olecular s tru c tu re  of th e  y e a s t cell w all has been p o s tu la te d  by 
K id b y  an d  D avies [53], w ho described a n e t fo rm ed  by  a com plex o f th e  p o ly ­
sa c c h a rid es  glucans an d  m an n an s w ith  a d isu lfid e  bridge co n ta in in g  p ro te in  
as a lin k in g  poin t. T h is s tru c tu re  is very  d iff ic u lt to  b reak . I t  can  be h y d ro ly sed  
b y  sp ec ific  enzym es p re se n t in th e  in te s tin a l t r a c t  of some snails.

A p a r t  from  d ecreasin g  th e  d ig es tib ility  a n d , of course, th e  n u tr i t io n a l 
v a lu e , th e  cell w all m a y  cause adverse re a c tio n s  such as allergic effec ts, to x i­
co log ica l reac tio n s, g a s tro in te s tin a l d is tu rb a n c e s , e tc ., w hich m ay  also im p a ir  
t he b io log ical value o f y e a s t. E rn s t et al. [54] show ed  in a series o f m e tab o lism  
s tu d ie s  w here ra ts  w ere fed a d iet c o n ta in in g  10%  p ro te in  p rov ided  b y  w hole 
y e a s t  o r destroyed  y e a s t cell wall th a t  in ta c t  y e a s t w as sig n ifican tly  low er in  
b io lo g ica l value th a n  th e  d estroyed  y e a s t cell w all. A t th e  sam e tim e  Ocio 
a n d  V in a ra s  [55] con c lu d ed  th a t  whole b re w e r’s y e a s t im paired  b o d y  w eigh t 
g a in  in  r a ts  due to  d iff ic u lty  in  d igestive h y d ro ly s is  of th e  y eas t cell w all.

T h u s , a process to  d is ru p t or m odify  th e  cell wall s tru c tu re  is n ecessa ry  
fo r m o s t o f th e  y e a s t s tra in s . In  th is  sense, K insella  and S h e tty  [4] have  
d ev e lo p ed  a m ethod  em ploy ing  su cc in y la tio n  to  ren d er a yeast p ro te in  w ith  
im p ro v e d  fu n c tio n a l p ro p e rtie s  and  a low  nucle ic  acid level w ith  red u c in g  
d e g ra d a tio n  of p ro te in s  b y  endogenous p ro tea se s  d u rin g  incu b a tio n . In  a n o th e r  
p a p e r  [1] th ey  have d iscussed  the  effect o f so lub le  th io l reagents on th e  e x tra c t-  
a b il i ty  o f  p ro te in  from  y e a s t cells. The th io l reag en ts  ac tiv a ted  s ig n ifican tly  
th e  a c t iv i ty  of g lycosidases an d  endogenous p ro te o ly tic  enzym es. T h ey  show ed 
t h a t  re d u c tio n  of d isu lfid e  bridges of th e  p ro te in  in th e  cell w all b y  th io l 
re a g e n ts , m ay  fa c ilita te  th e  release of th e  b o u n d  inac tive  glycosidases in th e
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ac tiv e  form  an il, a t th e  sam e tim e , th ese  re a g e n ts  m ay  cause d e s tru c tio n  of 
specific p o ly p ep tid e  inh ib itors o f th e  endogenous proteases.

T h u s, som e im proved  m eth o d  for y e a s t p ro te in  co ncen tra tes o r iso la tes 
w ith  m a n y  app lica tio n s for in d u s tr ia l food  m u st he developed in  th e  n ear 
fu tu re .

Toxicological aspects

B ecause o f technological processes, th e  yeast p ro tein  m ay re su lt  in  an 
u n d esirab le  or h a rm fu l p ro d u c t since it  is exposed  to  tre a tm e n ts  w h ich  m ay 
p roduce  tox ico logical effects. T he tox ico log ical aspects  of the  use o f  so lv en ts  
in food techno logy  are  sum m arized  in th e  14 th  re p o rt of the  Jo in t  F A 0 /W 1 I0  
E x p e r t  C om m ittee  on Food A d d itiv es  [56] as follows: (a) t r e a tm e n t  w ith  
so lven ts m ay  affect th e  n u tr itiv e  v a lu e  of food stu ffs , (b) residues o f  so lv en ts  
m ay  have  to x ic  effects, (c) im p u ritie s  in so lv en ts  an d  additives to  so lv e n ts  m ay 
rem ain  in th e  e x tra c te d  food an d  h av e  to x ic  effects, and (d) a so lv e n t m ay  
re a c t w ith  th e  c o n stitu en ts  of a fo o d s tu ff  to  fo rm  tox ic  p roducts.

M any a u th o rs  have  show n th e  effec ts o f th e  m ost f re q u e n tly  used 
tre a tm e n ts  for SCP p ro duc tion  as p ro te in  m o d ifica tio n  or food c o n v e n tio n a l 
im p a irm en t up  to  a ce rta in  toxic level [2, 5 7 -5 9 ]. F o r exam ple, tox ico lo g ica l 
consequences o f th e  M aillard reac tio n  on food p ro d u c ts  have e x te n s iv e ly  been 
review ed in an im al experim en ts [60]. A lk a li- tre a ted  proteins and ly s in o a lan in e  
p ro d u c ts  w ere found  to  cause a renal a l te ra tio n  characterized  by  n u c le a r  and  
cy top lasm ic  en la rg em en ts , w ith  a lte ra tio n s  in  D N A  synthesis, m ito sis  an d  
nucleo p ro te in s  [46, 61]. The n ep h ro tic  fa c to r  w as found  to  be h ea t s ta b le  17].

Toxicological te s ts  em ploy m ore or less s im ila r schemes [62] w h ich  are  
sum m arized  in  T ab le  I I .  In  sp ite  o f th is , sev e ra l na tio n a l and  in te rn a tio n a l  
o rgan iza tions h av e  e lab o ra ted  gu idelines a n d  p ro toco ls for th e  v a r io u s  ty p e s  
of food a d d itiv e s  an d  c o n tam in an ts  [38, 39, 6 3 -7 3 ]. These gu ide lines an d  
pro toco ls serve as a general reco m m en d a tio n  r a th e r  th a n  as a series o f  m a n d a t­
ory  p rocedures for te s tin g  novel sources o f p ro te in s .

Table II
Toxicological test for single cell protein  

De G root [73)

Test Time

Sub-acu te  feeding tes t 2 weeks
Sub-chronic study 3 m o n th s
Chronic study 2 years
M ultigeneration s tu d y 3 generations
T eratogenicity  s tudy 20 days
M utagenicity  s tu d y 15 20 days
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S om e y eas t sam ples w ere sub jected  to  su b ch ro n ic  toxicological s tu d ies  
in  ra ts  b y  B P  P ro te in s L td  [74J, o ther s tud ies w ere perfo rm ed  in pigs, ch ickens, 
dogs, r a b b its  and  ca ts . I t  w as concluded t h a t  a lkane-g row n y eas ts  do n o t 
b av e  tox ico log ica l or d e le te rio u s effects an d  s im ila r  resu lts were o b ta in e d  w ith  
th e  sam e  y easts  in one a n d  tw o -y ear feeding s tu d ie s  in ra ts  [75 78].

F u rth e rm o re , th e se  re su lts  have only  p e rm it te d  yeast grow n on h y d ro ­
ca rb o n s  to  be used fo r feed  because th e  p rin c ip a l factors w hich im p ed e  its  
g en e ra lized  use in h u m a n  food are safety  an d  to le ra n c e , although o th e r  c ru c ia l 
fa c to rs  a re  also inv o lv ed . F o r  instance th e y  do n o t  exceed the  level o f  am in o  
ac ids re q u ire d  for n o rm a l tissu e  function , b e cau se  various m etabolic m e c h a n ­
ism s do n o t p e rm it su ch  a n  excess. In ta k e  o f  la rg e  am ounts of am ino  acids 
m a y  p ro d u ce  tox ic  re a c tio n s  in which th e  p la sm a  co n cen tra tion  o f th e  a d m in ­
is te re d  am ino  acid rises to  v e ry  high levels [7 9 1. In  Table 111 th e  fac to rs  
in v o lv ed  are  su m m arized ; fo r to lerance th e  d a ta  in  Table IV m u st be ta k e n  
in to  a cco u n t.

Table III

Safety  factors involved in evaluation o f  yeast protein 
FA O /W H O  PAG guideline  [38]

N u tr itio n a l adeyuacy of te s t d ie t
Id e n ti ty  o f  te s t anim als
N a tu ra l to x ican ts
M icrobiological toxins
E x tra c t io n  residues
M ultilevel feeding of te s t p ro te in
C o m p arab ility  of thes t and b asa l d ie ts
H ig h est feasible feeding level o f te s t  pro tein

Table IV

Tolerance o f yeast p ro te in  
Y udkin [106]

Social factors Psycho-physiological
factors

R eligious and  social habits Inheritance
Social class A llergicity
In s tru c tio n  in  sub ject of n u tritio n

and  hygiene A cceptability
P u b lic ity P ala tab ility

M auron  [80] in  1975 w ro te : “ n e ith e r  y e a s t ,  bac te ria  nor fung i w ill m ake 
th e ir  e n try  in to  food d u rin g  the  n ex t y e a rs  fo r  sa fe ty  reasons a n d  because  
th e re  is no need a n d  no com m ercial d e m a n d  fo r th em  as long as th e  huge 
p la n t  p ro te in  reserv o ir is n o t b e tte r  used  fo r food  purposes” . I be lieve  sa fe ty
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reaso n s, a t least in y e a s t, m ay be o b ta in e d  and  th e  last years h a v e  show n 
th a t  th e re  is a need o f an o th e r new  source o f p ro te in  th a n  p lan t p ro te in  an d  
m an k in d  has in th is  m om ent th e  p o ss ib ility  to  fin d  them .

165

Nutritional aspects

N u tritio n a l v a lue  o f fooil p ro te in  m u s t lie p red ic ted  in o rder to  e s tab lish  
its  q u a lity . Q uo ting  PA G  guideline N o. 6 [38] “ Id ea lly , th e  n u tr itio n a l e v a lu a t­
ion o f p ro te in  foods shou ld  be m ad e  in  re la tio n  to  th e ir  p o ten tia l ro le  in  th e  
d ie t o f th e  p o p u la tio n  for whom th e y  are  in te n d e d . W hereas th is  w o u ld  p re ­
clude assigning a single num erical r a tin g  to  a g iven pro te in  w hich u n d e r  all 
co n d itions of use would avoid th e  fa llacy  o f a ssu m in g  th a t  such a ra tin g , based  
on  a single level as th e  sole source o f  n itro g e n  to  th e  te s t an im al, p ro v id es  
a t ru e  m easure  o f its  n u tr itio n a l v a lu e  as a su p p le m e n t to  the  diet or to  specific  
food fo r m a n ” . D e te rm in a tio n  of p ro te in  q u a li ty  is conducted  w ith  a v a r ie ty  
o f bio logical, chem ical or m icrobiological m e th o d s . T ab le  У shows th e  m e th o d s  
used  to  d e te rm in e  th e  n u tr itio n a l q u a lity  o f  a food p ro tein . M ost o f  th ese  
m e th o d s  have , how ever, some a d v a n ta g e s  w ith  re sp ec t each o th e r a n d  none 
of th e m  m ay  b y  itse lf  prove th e  f in a l n u tr i t io n a l  q u a lity  of a p ro te in . To set 
o u t th e  n u tr itio n a l q u a lity  of a p ro te in , a b a t te r y  of these m ethods m u s t be 
p erfo rm ed , p re fe rab ly  on d ifferen t an im a l species a lth o u g h  th e  ra t  is m ore 
w idely  used th a n  o thers. N evertheless, th e re  is m uch con troversy  a b o u t th e  
a d eq u acy  of th e  v a rio u s procedures [81] b ecau se  m an y  au tho rs be lieve th a t  
th e re  a re  only  tw o p a ram e te rs  to  e v a lu a te  th e  n u tr i t iv e  A'alue, g ro w th  an d  
n itro g en  balance.

In  y eas t m an y  n u tr itio n a l e v a lu a tio n  h av e  been perform ed in  an im a ls , 
an d  h av e  show n th a t  y e a s t has an  a c c e p tab le  n u tr i t io n a l value as a source 
o f p ro te in  for feeding purposes [2, 55, 82 84]. N u tritio n a l value fo r som e 
s tra in s  o f y eas t is show n in T able У1.

Table V

Classical methods o f nutritional quality measurement

Chemical tost Reference Biological test Reference

Chem ical Score (CS) 

E ssen tia l Amino

[107 1 P ro te in  E fficiency 
R a tio  (P E R ) [115]

Acid In d ex  (КАЛ) [108] N itrogen  P ro te in  U tilization 
(N P U ) [HO ]

A vailable A m ino Acid 109, 110, 111] L iver P ro te in  U tilization 
(L P U )

Biological V alue (BV)
[117] 

[118, 119]
D igestibility  in v itro 1112, 113, l i t ) Net P ro te in  R a tio  (NPI1) [1201
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Table VI

N u tr i t io n a l  v a lu e  o f  d i f f e r e n t  y e a s t  s tr a in s

Species BV D NPU P E  И

S a c c h a r o m y c e s  cerev isia e 5 8 . 8 8 0 . 7 4 7 . 5 1.99
S a c c h a r o m y c e s  ca r lsb erg en sis 6 6 . 5 8 4 . 7 5 5 . 8 2 . 2 4
Strawberry yeast 6 5 . 6 7 6 . 3 5 0 . 1 2 . 3 0
C a n d id a  u t i l i s 1 2 . 8 8 3 . 3 3 5 . 7 1 . 7 6

On th e  o th e r h a n d , th e re  are  n u m ero u s m eth o d s for n u tr itio n a l e v a lu a ­
tio n . M any  au th o rs  h av e  tr ie d  to  develop new  single, econom ical, ra p id  and 
p o te n t ia l  m ethods for te s tin g  food w hile it  is m an u fac tu red  an d  to  assess th e  
n u tr i t io n a l  q u a lity  o f th e  end  p ro d u c t. H a rp e r  [85] w rote th a t  “ T h ere  are  
tw o  m a in  reasons for developing  m eth o d s fo r p ro te in  eva lu a tio n . T he first 
is to  p ro v id e  a p rocedure  for ran k in g  p ro te in  according to  its effic iency  of 
u t i l iz a tio n  u n d er a se t of s ta n d a rd  co n d itio n s. T he second is to  p re d ic t th e  
e ff ic ien cy  of u tiliza tio n  o f p ro te in  as a sou rce  o f n itrogen  and  am ino  acids for 
m e e tin g  th e  am ino acid  req u irem en t o f m an  a n d  anim als. These arc  n o t d iffe r­
e n t  w ay s o f say ing  th e  sam e th in g , as is o f te n  th o u g h t, b u t are  d is tin c tly  
d iffe re n t o b jec tiv es” . In  th is  sense I w a n t to  call a tte n tio n  to  th e  w ork  of 
P io n  [86] who s tu d ied  th e  re la tio n sh ip  b e tw een  th e  blood and  m uscle levels o f 
ly s in e , th reo n in e , iso leucine and  m eth io n in e  a n d  th e  levels o f th e se  am ino  
ac id s  in  the  orig inal d ie t; he found  th a t  g ro w th  and  in tak e  w ere a ffec ted  only  
w h en  th e  am ino acid levels were low er th a n  th e  requ irem en ts su p p o sed ly  due 
to  th e  n u tr itio n a l q u a lity  o f th e  diet an d  he m easu red  the  efficiency o f u ti l iz a ­
tio n  o f  p ro te in  as a source of n itro g en  a n d  am ino  acids.

O m ste d t et al. [87] u tilized  th e  m e a su re m e n t of p ro te in  sy n th es is  in  
v i tro ,  as a rap id  biological ev a lu a tio n  o f p ro te in  q u a lity  to  e v a lu a te  tin; e ffect 
o f  p rocessing  on th e  n u tr i t io n a l v a lue  o f Saccharomyces cerevisiae. T h ey  d e ­
m o n s tra te d  th a t  in co rp o ra tio n  of ra d io a c tiv e  am ino acids in to  p ro te in  b y  
m u sc le  ribosom es is p ro p o rtio n a l to  th e  q u a lity  of the  te s t  p ro te in  source 
a f te r  feed ing  ra ts  for 6 days. W ith  th is  m e th o d  th e y  found a good com parison  
w ith  th e  n itrogen  effic iency  ra tio  (N E R ). B ecause  of en v iro n m en ta l a n d  seaso ­
nal fa c to rs  th e re  a re , how ever, v a ria tio n s  in th e  level of p ro te in  sy n th es is  
b e tw e e n  exp erim en ts . T h ey  have a t te m p te d  to  avoid  th is b y  in c lu d in g  s ta n d ­
a rd  d ie ts  as reference in each ex p erim en t. R u t th a t  did n o t solve th e  p rob lem  
b e c a u se  th e re  are v a ria tio n s  betw een  th e  v a lu e s  ob ta in ed  in d iffe ren t e x p e rim ­
e n ts  w ith  th e  reference  d ie ts  casein and w h e a t g lu ten .

E ggum  [88] e s tim a te d  th e  blood u rea  level a fte r 5 days feed ing  o f ra ts  
as a n  in d ic a to r  of p ro te in  q u a lity . H e fo u n d  th a t  th e  blood u rea  level decreased  
w ith  increasing  q u a lity  o f th e  p ro te in  in  th e  d ie t. B u t th e  ex p e rim en ta l co n d i­
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tions m u s t be s tan d a rd ized , especially in  re la tio n  to  the  protein  c o n te n t  o f  th e  
d ie t an d  to  the  tim e  a fte r  feeding a t  w h ich  b lood  sam ples are  ta k e n .  T he 
n u tr i t io n a l consequences o f  th e  M aillard  re a c tio n  have  also been a n a ly sed . 
A v a ilab ility  of some essen tia l am ino ac id  is s tro n g ly  reduced in r a ts  b y  th e  
fo rm a tio n  o f  th e  A m adori com pound d e r iv a tiv e s  [89-93]. These co m p o u n d s  
are  fo rm ed  b y  reac tio n  o f  sugar c a rb o n y l g ro u p s w ith  the  am ino  g ro u p  of 
th e  am ino  acids in presence of an  a lk a li m ed iu m  or by storage o f d e h y d ra te d  
an d  sem i-m oist foods [94). T he M aillard re a c tio n  has also been s tu d ie d  from  
th e  p o in t o f  view of physica l consequences on food. Brow ning is one  o f  th e  
m a jo r p rob lem s leading to  a darken ing  o f  p ro te in  colour, in so lub ility , a n d  the  
su b seq u en t n u tr itio n a l loss and  a b i t te r  f la v o u r  [94]. For th e se  reaso n s 
processed foods m ust be e v a lu a ted  for b io log ica l q u a lity  and  p h y sico -fu n c tio n a l 
p ro p ertie s , an d  also for toxicological effec ts.

T h u s , from  analysis in an im als, e x tra p o la tio n  of n u tr itio n a l d a ta  to  
h u m an  beings is m ore accep tab le  th a n  a re  th e  tox ico logical ones, e sp ec ia lly  if 
th e y  w ere perform ed on an im als hav in g  n u tr i t io n a l  aspects sim ilar to  th o se  
of h u m an s. As PAG guideline No. 7 [39] reco m m en d s, final e v a lu a tio n  m u st 
he rea lized  on hum ans. T he n u tr itio n a l te s t  recom m ended  by  g u id e lin e  No. 
7 for h u m a n  evaluation  a re : Biological V alue , D igestib ility  and  N e t P ro te in  
U tiliz a tio n ; th e y  are to  be perform ed in th e  sam e m an n er as in a n im a l e v a lu ­
a tio n . U n fo rtu n a te ly , lim ited  in fo rm atio n  lias been published co n cern in g  
h u m an s fed yeast.

C hem ical and bio logical ev a lu a tio n  o f  th e  n u tr i t iv e  value of b io m ass  an d  
p ro te in  co n c e n tra te  from  Candida u tilis  h a v e  been  done b y  K uzela e t a l. [95, 
96]. T hey  h av e  m easured  in  w eanling r a ts  th e  d igestib ility , b io logical v a lu e , 
N P U , an d  P E R , and  have  suggested  th e  p o te n tia litie s  of th e  p ro te in  c o n c e n tr ­
a te  o f C. u tilis  and  o th e r sim ilar p re p a ra tio n s  in  m eeting  the p ro te in  n eed s of 
dom estic  an im als.

W olf e t al. [97] e v a lu a te d  th e  b io m ass o f  Torula  and a Saccharom yces 
e x tra c t b y  th e  m easu rem en t of EA A , P E R , a n d  N P U  for es tab lish in g  som e 
reco m m en d a tio n s ab o u t th e  crite ria  th a t  m u st be followed for a c c e p ta b ili ty  
of th ese  y eas ts  for h u m an  food.

T he n u tr itio n a l effect of m odified p ro te in s  b y  chem ical t r e a tm e n t  were 
also an a ly sed  [98, 99]. I t  w as found t h a t  m o d ified  essential am ino ac id s  b e ­
com e p a r t ia l ly  u n ava ilab le  w hen these p ro te in s  a re  given to  ra ts  an d  c o m p a re d  
w ith ra ts  fed  unm odified p ro te in s . An excess o f  am in o  acids in th e  d ie t m ay  also 
p roduce ad v erse  n u tr i t io n a l consequences. A n tagon ism s and am in o  acid  
im balances arise  from  feed ing  one am ino ac id  in  excess inducing a p o o r u t i l iz a ­
tion  o f th e  d ie t [79].
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H Hinan fed y ea st test

Since th e  firs t y e a rs  o f th is  c e n tu ry , e x p e rim e n ta l te s ts  w ere d one  to  
e x p lo re  y e a s t co n su m p tio n  as a food for h u m a n s  [100]. D uring W o rld  W a r I 
a n d  I I  m an y  th o u sa n d  tons o f y east w ere co n su m ed  in G erm any a n d  J a p a n  
b y  th e  a rm y , p riso n ers  o f w ar and  the  c iv ilia n  pop u la tio n  [3]. N ev e rth e le ss , 
all th e se  tria ls  show ed co n tra d ic to ry  re su lts  a n d  we have little  in fo rm a tio n  
a b o u t th e  fac to rs re sponsib le  for the  u n fa v o u ra b le  reactions to th e  feed in g  o f 
sev e ra l ty p es of SCP to  h u m an  sub jects.

I t  has been re p o r te d  th a t  hum ans fed  m olasses yeast of no t m ore  th a n  
15 g d a ily  show ed u n accep tab le  g a s tro in te s tin a l reactions [101, 102]. I t  is 
b e liev ed  th a t  th e  ag en t em ployed  to  avoid  fo am  an d  m icrobial c o n ta m in a tio n  
w as responsib le  for th e  reac tio n . V arious t r ia ls  w ere perform ed in th e  M assa­
c h u s e tts  In s t i tu te  of T echnolog  to in v e s tig a te  th e  effect of feed ing  d iffe ren t 
a m o u n ts  o f yeast to  h u m a n  beings [3, 103]. T h e y  fed hatches of T oru la  y e a s t 
g row n on su lp h ite  an d  glucose m edia in  sev e ra l different ex p e rim en ts  on 
h u m a n  vo lu n tee rs . N o g as tro in te s tin a l d is tu rb a n c e s  were observed in  72 s u b j­
ec ts  fed  45 to  135 g Torula  y e a s t daily  fo r 60 d ay s , while 12 to  23 in d iv id u a ls  
co n su m in g  th e  su lp h ite -g ro w n  y east in  q u a n ti t ie s  o f 90 or 135 g da ily , re s p e c t­
iv e ly , developed  a pain less and  a p p a re n tly  se lf-lim iting  d esq u am atio n  o f  th e  
sk in  o f  th e  palm s a n d  soles. This d isa p p e a re d  spon taneously  before o r soon 
a f te r  th e  yeast feed ing  had  been d isco n tin u ed . A n  an tigen  p rep a red  from  th e  
y e a s t  d id  n o t evoke a derm al reaction  in  a n y  su b jec t, so the re sp o n se  w as 
n o t  d u e  to  an allergic process. I t  was a ssu m e d  th a t  some im p u ritie s  in th e  
c u ltu re  m ed ium  w ere th e  cause of th e  effect.

A n o th e r tr ia l o f th is  group was th e  e v a lu a tio n  of tw o new  single cell 
p ro d u c ts , one a b a c te r iu m  and  an o th e r a y e a s t grow n on ethano l as su b s tra te . 
T w o groups of 50 su b je c ts  were fed 12 an d  20 g, respectively , per d a y . T h ere  
w as no in d ica tio n  o f an y  prob lem  in an  e x te n s iv e  program  of p rec lin ica l t e s t ­
ing  in  d ifferen t an im a l species. O ver 8 0 %  o f th e  exp erim en ta l su b je c ts  
co n su m ed  th e  m a te r ia l da ily  during  a 6 -m o n th  to lerance tr ia l w ith o u t d e ­
m o n s tra b le  consequence. H ow ever, n ea rly  2 0 %  developed su d d en  n a u se a , 
v o m itin g , d ia rrh o ea  a n d  p ro s tra tio n  a fte r  co n su m in g  the  m a te ria l u n e v e n t­
fu lly  fo r a few days or a few  weeks.

In  th e  sam e s tu d y , te s ts  were p e rfo rm ed  o f serum  to ta l p ro te in , a lb u m in , 
a lk a lin e  p h o sp h a ta se , g lu ta m a te  oxa lace tic  tra n sa m in a se , g lu ta m a te  p y ru v ic  
tra n sa m in a se , glucose an d  uric acid ; an d  u r in a ry  sugar, acetone, 1 7 -h v d ro x y - 
s te ro id s , 17 -ke toste ro ids an d  m icroscopic e x a m in a tio n  of th e  se d im e n t; all 
te s ts  gave norm al va lues.

L a te r  A b rah am sso n  e t al. [104] p e rfo rm e d  an  experim en t w ith  y e a s t 
g ro w n  on e th an o l a t  th e  sam e in tak e  level b u t  on ly  for 6 weeks. O n ly  one o f 
th e ir  20 su b jec ts  developed  nausea a n d  v o m itin g  during th e  s ix th  w eek.
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A fter an  in te rv a l o f tw o  weeks, w ith o u t consum ing  the  yeast o r ex p erien c in g  
sy m p to m s, th e  sam e su b jec ts  w ere again  fed  tin* m ateria l an d  b o th  n au sea  
an d  v o m itin g  re tu rn e d .

In  som e p rim itiv e  com m unities large q u a n titie s  of y east a re  consum ed  
as a c u rre n t food, b u t  it is no t know n  w h e th e r th e y  suffered g a s tro in te s tin a l 
an d  d e rm al reactions. S till, accord ing  to  th e  T h ir te e n th  E x p e rt C o m m ittee  
F A O /W H O  [105], tra d itio n a l use o f a m a te ria l does no t c o n s titu te  ev idence 
o f  its  sa fe ty .

In  o th e r s tud ies o f h u m an  feed ing  o f c e r ta in  SCP sources h a v e  show n 
o th e r  p a thophysio log ic  reac tio n s such as p a in  an d  oedem a of th e  g rea t to e  [16]. 
T hese sy m p to m s m ay be due to  th e  high nucleic  acid co n ten t o f th e  cells used  
in th ese  tr ia ls .

109

Conclusion

E x te n s iv e  in fo rm atio n  on y e a s t as a source  for hum an  n u tr it io n  is s till 
lack in g  in  sp ite  of th e  g rea t in te res t in th e  fie ld . In  an y  case, we h a v e  to  ta k e  
in to  acco u n t th a t  y e a s t for h u m an  co n su m p tio n  m ust m eet th e  fo llow ing 
re q u ire m e n ts : (a) specific  chem ical an d  fu n c tio n a l p roperties, (b) a p resc rib ed  
level o f  sa fe ty  and  (c) good n u tr it io n a l c h a rac te ris tic s . The la s t tw o  p o in ts  
m u st be ev a lu a ted  in an im als an d  h u m an s. S hould  these  po in ts be  reach ed  
successfu lly , th en  we shall be ab le to  reco m m en d  th e  in tro d u c tio n  o f  y east 
p ro te in  in to  th e  h u m an  food system .
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POSSIBLE ROLE OF LINCOMYCIN-THERAPY IN 
THE GENETIC ALTERATION OF A STAPHYLOCOCCUS 

EPIDEMIC POPULATION

I. B arcs  and I. D o b r o n y i

László H ospita l fo r  Infectious D iseases, and H ungarian  A rm y  Central H osp ita l,
B udapest

(Received November 8, 1982)

In a staphylococcosis epidemic occurring in a child community, the proportion of 
inducible lincomycin resistance has risen significantly in the bacterium population. This 
conveyed the possibility that lincomycin or its derivatives may induce a lincomycin resist­
ance in Staphylococcus aureus as it is already known in streptococci. Examination of human 
and animal samples obtained during lincomycin treatm ent showed that lincomycin had no 
role in the induction of resistance; the agent can effectively be applied against pathogens of 
the above-mentioned phenotype. Immunological examination of serum samples provided 
opportunity for a more exact localization of the protein-linkage of lincomycin.

As it is know n, th e  resistance  ag a in s t a n tib io tic s  belonging to  th e  m acro - 
lide-lincosam ide-strep tog ram in  В g ro u p  (MLS an tib io tic s) can be in d u c ib le  or 
co n s titu tiv e  in ty p e . In  in d u c ib le  res is tan ce  th e  inducing  ag en t, th ro u g h  
a lte rin g  th e  con fo rm ation  o f m R N A , causes a reversib le  d im e th y la tio n  o f  th e  
aden ins o f 23S rR N A ; th e  m odified  ribosom as h av e  a low a ffin ity  to  MLS 
an tib io tic s , th e re fo re  th e y  do n o t  in h ib it t r a n s la t io n  [1-4]. M ost o f te n , th e  
in d uc ing  ag en t is som e su b in h ib ito r-c o n c e n tra ted  m acrolide a n tib io tic  [1, 
3], b u t in th e  case o f strep tococci i t  can  also be lincom ycin  (Lm) [2]. C o n s t i tu t­
ive resis tan ce  is th e  ou tcom e of a m u ta tio n  ta k in g  p lace on the  R -d e te rm in a n t, 
th e  aden ins o f th e  rihosom a are  p re se n t in d im e th y la te d  form , ev en  w ith o u t 
th e  presence o f an  in d u c to r [1].

Such ty p e  of M L S-resistance based  on ribosom a-m od ifica tion  is co m m o n  
am ong  m icroorganism s [4, 5]. In  a d d itio n , th e  R -d e te rm in a n ts  of Staphylococcus 
aureus an d  d iffe ren t s trep tococcus species show  a phylogenetic r e la tio n  on 
th e  basis of D N A -h y b rid iza tio n ; re ly in g  on ex p e rim en ts  in v itro , a gene tic  
su b stan ce , exchange th ro u g h  tra n sp o so n , “ gene-ep idem y” [4, 5 ], m a y  be 
p resum ed . It seem ed therefore  in te re s tin g  to  ex am in e  w hether Lm h ad  a role 
in  in d u c in g  M L S-resistance also in  s taphy lococc i.
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The* idea of th e  possib le  re s is tan ce -in d u cin g  effect of Lm  a n d  its  d e r iv a t­
ives em erged  d u rin g  a staphy lococcal ep id em ic  in  th e  second h a lf  o f 1976, 
in  th r e e  nurseries b e ing  in close con tac t th ro u g h  the  exchange o f bab ies [6, 
7]. T h e  S . aureus s tra in s  iso la ted  proved to  be  L m -sensitive and  som e o f them  
c o n ta in e d  such R -d e te rm in a n t th a t  specifies in d u c ib le  M L S-resistance (ind + 
c h a ra c te r )  [8]. T hough  as a resu lt of p a re n te ra l L m -th e rap y  in tro d u c e d  on the  
basis  o f  la b o ra to ry  re su lts  th e  m orb id ity  r a te  dim inished so m ew h at, the  
ep id em ic  persisted  a n d  pa th o g en ic  stra in s w ere co n tinuously  iso la ted  from  both  
th e  p a t ie n ts  and th e  e n v iro n m e n ta l sam ples till th e  end of 1981. B etw een  1977 
a n d  1979 the  p ro p o rtio n  o f  ind + s tra in s  in th e  S . aureus p o p u la tio n  o f the  
n u rse r ie s  grew from  th e  o rig inal 2 .4%  to  4 8 .9 %  [6]. It was th ere fo re  s tu d ied  
w h e th e r  Lm had  a ro le  in th e  change of th e  g en e tic  com position o f th e  p o p u la ­
tio n .

M aterials and m eth o d s

B acterial strains. S . aureus  s tra in s  used in  th e  in d u c tio n  ex am ination  are  show n in 
T ab le  I.

A n tib io tic  sensitiv ity  tests. T he se m iq u a n tita tiv e  an tib io tic  sensitiv ity  o f b a c te r ia  was 
te s te d  on  DST agar (O xo id , L o ndon) by  disc d iffu sio n  m eth o d  [9] w ith  “ R e s is te s t”  discs 
( I n s t i tu te  fo r Serobacterio log ical P roduction  and R e se a rc h  H um an, B u d ap est). D e te rm in a ­
tio n  o f  M IC s was carried  o u t b y  th e  agar d ilu tion  m e th o d  [9J.

A n a ly s is  o f  in  vitro induction . In d u c tio n  of L m -re sis tan ce  was carried  o u t  on  solid 
c u ltu re  m ed iu m  by  th e  m o d ified  m eth o d  of M alke e t a l. [2]. B acteria  were grow n s im u ltan eo ­
u sly  on  p la te s  co n ta in in g  su b in h ih ito ry  co n cen tra tio n s o f an tib io tic s  (e ry th ro m y cin  0.3 ^ug/ml; 
L m : 0.01 or 0.1 //g/m l) a t  37 °C fo r 24 h, th en  th e y  w ere  in o cu la ted  on to  p la te s  co n ta in in g  
4 /7g /m l L m , and fu r th e r  in c u b a te d  a t  37 °C.

E xp erim en ta l Lm -trea tm en t. W is ta r R ra ts  a n d  N ew  Z ealand ra b b its  w ere  trea te d  
in tra m u sc u la r ly  w ith  20 m g /k g  b o d y  w eight L incocin  (U p jo h n , Puurs) every 12 h  fo r 2 days. 
B lood w as ob ta in ed  from  th e  r a ts  by  bleeding and fro m  th e  ra b b its  by h e a r t-p u n c tu re . H u m an  
te s ts  w ere  perform ed on  4 h e a lth y  m ale persons aged  2 5 -3 0  years. In tw o cases th e  dosage 
w as 0.5 g L incom ycin  h y d ro c h lo rid e  (V/O M edexport, U S S R ) orally 3 tim es d a ily  fo r 3 days, 
a n d  in  tw o  cases 600 m g L incocin®  was given in in tra v e n o u s  infusion. T im e of b lo o d-d raw ing  
w as ch o se n  so th a t  th e  L m -lev el in  th e  serum  should  fa ll u n d e r  the MIC. T h u s th e  p resum ed  
in d u c to r  su b stan ce  can  still be  p re sen t, b u t the  L m  in  th e  sam ple can n o t d e lay  th e  g row th  
of b a c te r ia .

A ntim icrob ia l assay  w as carried  o u t w ith  r a d ia l  d iffusion  [10]. The in u ltip le sen sitiv e  
S. au reu s  LK9001 was used  as in d ic a to r  s tra in  (see T ab le  I ) . T he plates co n ta in in g  25 m l DST 
a g a r w ere  seeded by  f lo o d in g  w ith  3 m l of the  3 h b ro th  c u ltu re  of the  in d ic a to r s tra in  so as 
to  g ive  a co n flu en t g row th . W ells 1 cm in d iam eter w ere  m ad e  in  the  agar and  in to  th ese  were 
m e a su re d  0.1 ml volum es o f th e  ca lib ra tin g  L m -d ilu tio n s a n d  sam ples. A fter one h a lf  h o u r of 
d iffu sio n  a t  room  te m p e ra tu re  th e  sam ples were in c u b a te d  a t  37 °C for 16 h. L m -co n cen tra tio n  
in th e  sam p le  can he re ad  o f f  th e  d iag ram  o b tained  on b asis  o f th e  size of th e  in h ib itio n  zones.

A n a ly s is  o f  the resistance-inducing effect o f  sam ples. C ulture  m edium  w as p re p a re d  a t  
a ra tio  o f  1:1 from  se ru m  o b ta in e d  afte r each L m - tre a tm e n t  or from  ra t- liv e r  a n d  -k idney  
h o m o g e n a te  in  8%  D ST a g a r  p rep ared  w ith  Sorensen  b u ffe r  pH  8.5. T he co n tro l cu ltu re  
m ed ia  c o n ta in ed  u n p ro cessed  se ru m  or physiological N aC l so lu tion  in stead  of serum . F rom  
th e  3 h  b ro th  c u ltu re  th e  b a c te r ia  were inocu lated  o n to  p la te s  then  a fte r a 90 m in  p h en o ­
ty p ic a l expression  a t 37 °C, L m  discs were p u t on th e  lin es o f inocu lation  and in c u b a te d  o ver­
n ig h t a t  37 °C.

Physico-chem ical a n a lys is  o f  the sera. Im m u n e  e lectrophoresis was pe rfo rm ed  acco rd ­
ing to  Scheidegger [11]. “ D IS C ” -polyacrilam ide gel e lec tro p h o resis  (PA G E ) w as c a rried  ou t 
as d e sc rib e d  by  O rnste in  [12] an d  Davis [13].
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Table I

Characterisation o f  the s. aureus strains used in induction experiments

Strain Origin
Pc

Resistance

Em Lm

Lm MIC
/'g/m l

PMI 151 A R R Ri 1.0
PM 1007 A R R Rj 1.0
PM I486 A 11 R l l i 1.0
PM 1661 A R R H i 1.0
PM 1020 A R 11 R i 0.75
PM 1954 A R R R i 0.75
PM 246 A R 11 s 0.5
I.K900I 11 S S S 0.1

Pc =  penicillin; Em =  erythromycin; Lm = lincomycin; R =  resistant; R, =  resistance 
induced by Em; S — sensitive

Origin:
A =  strain originating from nursery epidemic (isolated and identified at the Depart ment 

of Bacteriology, National Institute of Hygiene, Rudapest);
В strains originating from patients of László Hospital (isolated and identified in our 

laboratory)

R esults

Inductiona l experim ents. To decide w h e th e r Lm  was resp o n sib le  for 
in d u c tio n  o f re s is tan ce  of S. aureus  s tra in s  causing  th e  ep idem ic, b a c te r ia  
w ere grow n on ag a r p la tes co n ta in in g  E m  a n d  Lm  a t su b in h ib ito ry  c o n c e n tra ­
tion  an d  in o cu la ted  on to  plates c o n ta in in g  Lm  a t a co n cen tra tio n  h ig h e r th a n  
MIC. A ccording to  th e  te s t on ly  e ry th ro m y c in  (E m ) could ind u ce  th e  Lm  
resis tan ce  o f  th ese  s tra in s  in v itro .

N ex t h u m a n  an d  anim al sera  w ere s tu d ie d  for induction . W hen e x a m in ­
ing L m  se n s itiv ity  on m edia m ad e  w ith  se ra , th e  size of th e  in h ib itio n  zone 
w as th e  sam e as th e  one observed  on th e  co n tro l ag ar con ta in ing  no se rum . 
S im ilarly , no in d u c tio n  has been  o bserved  on m edia p rep ared  from  r a t  liv er 
an d  k idney .

Physico-chem ical analysis o f  the sera. T h e  are  of IgG  becam e d iffuse  in 
th e  im m u n o e lec tro p h o re tic  p a t te rn  o f th e  serum  o f a h ea lth y  m ale  t re a te d  
w ith  Lm . T his fin d in g  ind ica ted  a decrease  o f  th e  IgG  level. T his d ro p p e d  a t 
4 h a fte r  th e  f irs t ad m in is tra tio n  a n d  th e  decrease could still he d e te c te d  12 h 
a f te r  th e  end o f tre a tm e n t (F ig. 1).

A ccording to  PA G E  th e  m o tility  o f  p a r t  o f th e  gam m a g lo b u lin s  was 
acce lera ted  by  Lm  tre a tm e n t. B o th  IgM  a n d  IgG  show ed d é ta c h e m en t o f  new  
frac tio n s ; th e ir  a m o u n t seem ed to  be s ta b le  d u rin g  th e ra p y  b u t  d im in ish ed  
a fte r  fin ish ing  th e  tre a tm e n t (F ig . 2). Sam e p a tte rn s  w ere show n by  th e  e le c tro ­
phoresis o f an im al sera.
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St a r t

Fig. 1. Im m u n e  e lectro p h o resis o f serum  of a h e a lth y  m ale  trea te d  w ith  lincom ycin  ( ra te  of 
d ilu tio n  1: 8 , sta in in g  by  P o n ceau  S). Sam ples: C c o n tro l;  1 4 h a fte r f irs t  a d m in is tra tio n ;

2 d u rin g  c o n tin u o u s  tre a tm e n t;  3 =  12 h  a f te r  end of trea tm e n t

C
lq  M -------
lq G ------ i i f

F ig . 2. E ffec t of lincom ycin  tr e a tm e n t  on h u m an  se ru m  p ro te in s  by  com parison of P A G E s 
(am ido  b la c k -10 В sta in ing). S am p les, see Fig. L
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D iscussion

lu  th e  o rgan ism  Lm  is m e tabo lized  to  a s lig h t e x te n t and  is e x c re te d  in 
a biologically  ac tiv e  form  [14]. T herefo re , som e m etabo lite  w hich w ould  
induce res is tan ce  c a n n o t he found  in  u rine, as in th e  case of Em  [15], a n d  h a d  
to  he looked  for in o th e r  m ateria ls .

In  th e  o rgan ism  Lm  is p re sen t n o t on ly  in  u n b o u n d  form  h u t a lso  in 
a m icrobio logically  in ac tiv e , p ro te in -b o u n d  fo rm  in serum  [16, 17], liv e r  an d  
tin; k id n ey s [18].

S ta r tin g  from  th e  su p p osition  th a t if in d u c tio n  exists in th e  o rg an ism  
the  in d u c in g  a g e n t m ig h t he th is  p ro te in -L m -co m p lex , we have ex am in ed  tin; 
in d uc ing  effect o f th e  m en tio n ed  sam ples b y  u sin g  physico-chem ical m e th o d s  
for follow ing th e  linkage  o f Lm  to  p ro te in s .

A ccord ing  to  im m unological te s ts , as a re su lt o f Lm  tre a tm e n t, the; IgG  
level decreases an d  a d e ta c h m e n t o f new  frac tio n s  from  IgM and  IgG  can  he 
observed . To o u r know ledge, Lm  is b o u n d  to  th e  g lycopro tein  frac tio n  o f  th e  
g lobulin  co m p o n en t [17]. D uring  th is  rev ers ib le  linkage, a c h a rg e -a lte ra tio n  
occurs: th e  m o b ility  o f p ro te in s  to w ard  th e  an o d e  is grow ing. A ccord ing  to  
our re su lts  th ese  changes have  ensued  in th e  im m une-g lobulins.

A ccord ing  to  o u r m icrobiological e x p e rim e n ts  u n d e r th e  in fluence o f  Lm  
no such  su b stan ce  develops th a t  could  in d u ce  L m -resistance  in th e  S . aureus  
s tra in s  iso la ted  from  th e  epidem ic. This m ean s th a t  Lm  can be efficacious 
ag a in s t p a th o g en s  o f sim ilar p h en o ty p e .

As a f in a l conclusion  it  m ay  he assum ed  th a t  (i) Lm  has no res is tan ce - 
inducing  effect on S . aureus e ith e r in v itro  or in  v iv o ; (ii) th e  selective p re ssu re  
on th e  i n d + s tra in s  m ust have  been caused  b y  som e o th e r fac to r; th e  co in c id ­
ence o f  L m -th e ra p y  an d  th e  change of re s is tan ce  can  only  he a t t r ib u te d  to  
chance; (iii) acco rd ing  to  physico-chem ical e v a lu a tio n  of th e  se ru m -sam p les  
o b ta in e d , L m  can  lin k  to  im m uno-g lobu lins fro m  am ong  th e  serum  p ro te in s .
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.1 ÁNOsi (N a tio n a l I n s t i tu te  of H ygiene, B u d ap est), to  l)r . G y. Prinz (László H o sp ita l  for 
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ABSORPTION OF VIROSES INTO ORAL LYMPHOCYTES 
AND DECREASED ANTIBACTERIAL ACTIVITY OF ORAL 

POLYMORPHONUCLEAR LEUKOCYTES

J .  O n g r á d i , K o r n é l i a  S a l l a y , G i z e l l a  K u l c s á r , P. D á n , J .  H o r v á t h

and  I .  NÁSZ

In stitu te  o f  M icrobiology, and D epartment o f  Oral Surgery and D entis try, 
Sem m elw eis U niversity  M edical School, Budapest

(R ece iv ed  A pril 18, 1983)

A n tib ac te ria l a c tiv ity  of th e  o ral po ly m o rp h o n u c lea r leukocy tes and  in  v i tro  v irus 
a b so rp tio n  b y  oral ly m p h o cy tes  w as s tu d ied  in tw o p a tie n t  groups and in c o n tro ls . A slight 
decrease  o f phagocytosis w as o bserved  in  those con tro l cases and p e r io d o n titis  p a tie n ts  w here 
o ro ly m p h o cy tes  and oral ep ith e lia l cells h ad  abso rbed  v iruses, bu t in  th e  sam e su b je c ts  th e  
b ac te ric id a l effect was s ig n ifican tly  w eaker. P e riodon tosis p a tie n ts  w ith  a d e fec t o f po ly­
m orp h o n u clea r cells did n o t ex h ib it such  a difference. As in sim ilar su b jec ts  th e  a n tib a c te r ia l  
a c tiv ity  w as m ore freq u e n tly  w eak  w hen  th e ir  o ro ly m p h o cy tes  carried  la te n t  v iru se s, th e  
re su lts  suggest th a t  c e rta in  in d iv id u a ls  a re  prone to  c a rry  la te n t  v iruses in  th e ir  ly m p h o cy tes . 
L ym p h o k in es released from  these c a rrie r  cells and co n ce n tra ted  locally  m ig h t d a m a g e  p hago­
cy tic  leuko cy tes , re su ltin g  in serious local in flam m atio n .

T he im m unom echan ism  o f m ixed  m icrobial in fections h as  n o t  been 
c la rified  [1], because o f th e ir  in te ra c tio n  w ith  d ifferen t [»arts o f th e  im m u n e  
sy stem  [2]. R ecen tly  som e d a ta  h av e  in d ica ted  th e  im m u n o su p p ressiv e  effect 
o f several v iruses [2, 3] w hich  w ould  acco u n t for th e  clin ical o b se rv a tio n  of 
f re q u e n t b ac te ria l invasion  a fte r  v ira l in fections (2]. The d a ta  su g g est a close 
re la tio n  betw een  ce rta in  p a r ts  o f th e  im m u n e  a p p a ra tu s  [2].

T he oral c av ity  seem ed to  be an  a p p ro p ria te  m odel for s tu d y in g  th e  
phen o m en o n , because all ty p e s  o f  c ircu la tin g  leukocy tes m ay  reach  th e  g ing­
iv a l su lcus [4, 5]. T he ta sk  o f  th e se  so-called oro leukocy tes an d  o ro ly m p h o cy te s  
is to  p ro te c t th e  p e rio d o n tiu m  a g a in s t d ifferen t m icrobes [6]. T he a n tib a c te r ia l  
a c tiv ity  of p o ly m o rp h o n u c lea r (PM N ) o ro leukocy tes w as fo u n d  to  decrease 
in th e  case o f p e rio d o n ta l in flam m atio n s  [7, 8], w hile an  in h e rite d  d efec t of 
PM N  oro leukocy tes leads to  serious degenera tion  o f th e  g ing iva [9 J. T here 
a re  som e d a ta  on th e  re la tio n sh ip  of o ro lym phocy tes an d  v iru ses  [10-12], 
w hich  a p p ea r to  confirm  th e ir  jo in t aetio log ieal role. On th e  basis  o f  these  
o b se rv a tio n s  was th e  co rre la tio n  o f b ac te ric id a l cap ac ity  an d  la te n t  v iru s
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ca rrie rsh ip  of oral cells s tu d ie d  in  some ty p e s  o f p a tie n ts  [11, 13]. T he resu lts  
show ed  a h igher in c id en ce  o f  v irus carriage w ith  im p a ired  a n tib a c te ria l fu n c t­
io n  o f  PM N  cells in  p e r io d o n ta l in flam m atio n s .

One of th e  possib le  conclusions was t h a t  v iru s  ca rry in g  o ro lym phocy tes 
re lease  lym phok ines. S im ila r  m ediators dev e lo p in g  a fte r  v irus in fec tion  h av e  
a lre a d y  been described  [3, 14, 15]. Such ly m p h o k in es  co n cen tra ted  in th e  
n a rro w  gingival su lcus m ig h t dam age PM N  a n d  o th e r cells. Since certa in  
p a tie n ts  have  a te n d e n c y  to  becom e la te n t  o r p e rs is te n t v iru s carriers , th e ir  
ly m p h o cy te s  m ay he a ffe c ted . As th e  oral c a v ity  is p o te n tia lly  a t risk  o f v irus 
in fec tio n s , am ong th e m  w ith  herpesv iruses [16], v iru s  in fection  o f ora l cells 
p ro m ised  to  offer fu r th e r  in fo rm atio n  co n cern in g  th e  problem .

M aterials and m eth o d s

Patients. Specim ens w ere  o b ta in ed  írom  the  fo llow ing in d iv id u a ls . G roup I: 32 h e a lth y  
su b je c ts  o f 28.3 years av erag e  age, free from  p e rio d o n ta l illness du rin g  the la s t 6 m on ths. 
G ro u p  I I :  29 p a tien ts  o f  41.4 y e a rs  average age, su ffe rin g  from  p eriodon titis . G roup I I I :  
8 p a tie n ts  o f 24.2 y ears av erag e  age, w ith  juven ile  o r p o stju v en ile  periodontosis. In  th is  group 
th e  PM N  leukocytes w ere im p a ire d  [9, 13].

Collection o f  oroleukocytes. C ollection of oral cells w as carried  o u t by  a m o d ificatio n  of 
K lin k h a m m e r’s m ethod  [ 4 1: each  p roband  rinsed th e  m o u th  fo r 30 s ten  tim es consecu tively  
w ith  5 m l o f phospate  b u ffe red  s a l t  solution (PB S), p l l  7.4. T h e  ten  suspensions were collected 
se p a ra te ly  in tes t tu bes, w ash ed  in  PB S and cen trifu g ed  th re e  tim es. O roleukocyte  co u n tin g  
w as done  in B iirker ch am b er. A fte r  pre lim inary  e x p e rim e n ts  the  ex fo liative  ep ith e lia l cells 
m ix ed  to  th e  o ro leukocytes w ere ignored . P ro p o rtio n  of v iab le  o ro leukocytes was estab lished  
b y  th e  try p a n  blue exclusion  te s t  [17].

D eterm ination  o f  phagocytic  and bactericidal capacity  o f  P M N  oroleukocytes. 20 000 
o ro leu k o cy tes/m l from  eac h  suspension  were m ixed w ith  liv in g  Staphylococcus aureus grown 
in  b ro th , in 1:10 cell: b a c te r ia  ra tio . B acteria  were c o u n te d  a f te r  m ix ing  them  to a s ta n d a rd  
red  b lood cell suspension. T h e  o ra l ce ll-bacterium  m ix tu re  w as in cu b a ted  in P a rk e r 199 m in im al 
e ssen tia l m ed ium  (MEM 199) co n ta in in g  3%  ra b b it  se ru m  a t  37 °C for 120 m in. A fte r in cu b a ­
tio n  th e  m ix tu re s  were w ashed  a n d  shaken well in P B S , th e n  cen trifu g ed  th ree  tim es to  rem ove 
b a c te r ia  th a t  adhered  to  th e  cell surface. F rom  th e  la s t  p e lle t sm ears were p rep ared , sta in ed  
w ith  G iem sa, and th e  p lia g o c y te d  b ac teria  were c o u n ted . T h e  b a c te ria  p h agocy ted  by  these 
cells p rev io u sly  in  v ivo w ere c o u n te d  in contro l sam ples a n d  th e ir  n u m b er was deduced  from  
th e  co rresp o n d in g  to ta l  b a c te r iu m  num ber.

T o determ ine  b a c te ric id a l c ap a c ity , 1.2%  D ifco a g a r p la te s  were used [13, 18]. A t th e  
b e g in n in g  of in cu b a tio n  2000 cells w ith  b acteria  in  0.1 m l vo lu m e w ere m ixed to  th e  ag ar ( A), 
an  e q u a l q u a n tity  was m ixed  a f te r  in cubation  (B ), an d  th e  sam e a m o u n t a fte r b u rs tin g  th e  
cells in  d istilled  w a ter for 15 m in  (C). Colonies of d isch arg ed  live  b a c te ria  w ere coun ted . R esu lts 
a re  g iven  as killed b a c te r ia  in  p e r cen t of to ta l p h a g o cy ted  ones, 100 X ( A - C ) :  (A B).

I n  vitro absorption o f  v iruses by orolymphocytes. F ro m  each  specim en 20 000 oral cells 
w ere resuspended  in 0.9 m l o f M EM  199. then  1000 T C I D -0 of H erpes sim plex v iru s ty p e  1 
(H SV -1) or A denovirus h u m a n  ty p e  1 (Ad-1) in 0.1 m l w ere a d d ed  to th e  sam ples to d e te rm in e  
th e  a b ili ty  of cells to  ab so rb  v iru se s . M ixtures were in c u b a te d  a t  37 °C for 120 m in, and  a fte r 
a  w ash  sm ears were p re p a re d  fo r d irec t im m u n o flu o rescen t in v e s tig a tio n  [191. O ral cells of 
p a tie n ts  were also exam in ed  w ith o u t  add ing  v iruses an d  o n ly  those  persons w ere ev a lu a ted  
w hose cells did no t c a rry  v iru s  an tig en s in vivo.

T o regain  in fectious v iru se s  from  the  cells, cells fro m  th e  th ird  pe lle t were frozen  and 
th aw ed  3 tim es, cen trifuged , th e n  th e  su p e rn a ta n t w as p lac ed  on  th e  co n fluen t m ono layer of 
I IE p -2  and  Y E R O  cell c u ltu re s  [19]. The c h a rac te ris tic  c y to p a th ic  effect (C PE ) was d e tec ted  
v isu a lly  and  su b seq u en tly  co n firm ed  by d irect im m u n o flu o rescen t techn ique. U n in fected  
cells o f th e  p ro b an d s w ere also ex am in ed  by th is m e th o d  in  o rd er to  exclude from  th e  s tu d y  
th o se  su b jec ts  who carried  a d e n o -o r  herpesviruses in  th e ir  cells.
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Electron microscopy o f  v irus infected sam ples. Som e oral cell sam ples in d ica tin g  a b s o rp t­
ion of HSV-1 or Ad-1 were exam in ed  by electron  m icroscopy . A n a liq u o t of 20 000 cells o f th e  
in fec ted  sam ples w as w ashed as m en tio n ed  above, th e  p e lle t w as fix ed  by g lu ta ra ld eh y d e  and  
osm ium  te tro x id e , th en  em bedded  in  E p o n  812. U l tra th in  sec tio n s were cu t, s ta in ed  w ith  
u ra n y l a c e ta te  an d  lead  c itra te . T he p osition  of p a rtic le s  ab so rb ed  in v itro  was d e te rm in e d  
by a JE O L  100B e lectron  m icroscope.

Results

Each d e te rm in a tio n  w as done in tr ip lic a te  from  th e  la s t th ree  sam ples; 
th e  resu lts g iven re flec t m ean  values.

Characteristics o f  emigrated oroleukocytes. T h e  ou tflow  ra te  o f  PM N  
oro leukocy tes an d  th e ir  v ia b ility  was d iffe ren t in  th e  th ree  p a tie n t g ro u p s 
(F ig. 1). In  in f la m m a to ry  a n d  degenera tive  c o n d itio n s  m ore cells w ere fo u n d  
h u t th e ir  v ia b ility  was co n sid e rab ly  decreased. T h e re  w ere only m inor d iffe ren ­
ces betw een  sub g ro u p s o f v iru s-free  sub jec ts an d  th o se  w ith  absorbed  v iru se s  
in th e ir  o ro ly m p h o cy tes  (d a ta  n o t show n). E m ig ra tio n  of o ro lym p h o cy tes  
show ed a s im ila r p a tte rn , an d  v iab ility  in a n y  g ro u p  and  subgroup  v a r ie d  
betw een 99.4 an d  100%  (F ig . 2). C ounting o f m o n o cy te s  was n o t done b ecau se  
of th e ir  sm all n u m b er. R a tio  o f ex fo lia ted  e p ith e lia l cells to  all o ro leukocy tes 
was roug h ly  40:60.

V irus absorption by orolymphocytes and ep ithelia l cells. The resu lt o f v iru s  
ab so rp tio n  in d ic a te d  b y  im m u n o flu o rescen t a ssay  is show n in T able I . T h ere  
was a d isc rep an cy  in  th e  n u m b e r of persons (n) g iv en  in  the  first co lum n an d  
o f those w hose cells to o k  u p  v iruses in v itro ; th is  w as due to  the  a b so rp tio n  
of b o th  v iru ses in to  b o th  ty p e s  of cell. This w as considerab le  in G roup  II.

Fig. I. PM N leu k o cy te  em ig ra tio n  in to  th e  g ingival space. S h ad ed  pa rt of co lum ns: v iab le
p ro p o rtio n  of PM N cells
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Fig. 2. L y m p h o cy te  e m ig ra tio n  in to  th e  gingival space

A b so rp tio n  was v e rified  b y  e lectron  m ic ro sco p y ; the diffuse d is tr ib u tio n  of 
in ta c t  v irions d e m o n s tra te d  th e ir  in  v itro  orig in  (Fig. 3).

Phagocytosis and bactericidal capacity o f  P M N  oroleukocytes. R esu lts 
a re  show n in T ab le  I  w ith  details o f  g ro u p s a n d  subgroups co n cern in g  virus 
a b so rp tio n . C om petence o f d iv ision  o f g ro u p s  in to  tw o su b g ro u p s p ro v ed  to  
be  s ig n if ic a n t (p <  0.05, y2 =  7.294 a t  2 D F ), concerning v iru s  ab so rp tio n

F ig . 3. E le c tro n  m icrograph  of p a r t  o f an o ro ly m p h o cy te  o b ta in ed  from  a p e r io d o n titis  p a tie n t. 
N =  nucleus. A rrow s show  a b so rb ed  Ad-1 particles
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a n d  v irus-free  cond ition  in th e  w hole p o p u la tio n . T he difference in ph ag o cy to sis  
o f  all th e  v iru s-positive  an d  v iru s-free  sub jec ts  was n o t sign ifican t (p =  0.0538, 
Z2 =  9.324 a t  4 D F) a lth o u g h  i t  w as decreased  in all g roups in v iru s-p o sitiv e  
su b jec ts . B acteric idal c a p ac ity  w as sig n ifican tly  im paired  in th o se  persons 
w hose o th e r oral cells took  up  v iru ses  in v itro , in d ep en d en tly  from  th e ir  g roup  
(p <  0.001, f  =  19.086 a t  4 D F ).

Table I

Virus absorption and antibacterial function

Group and subgroups

Absorbed viruses 
(in No. of persons) Phagocytosis, 

No. of bacteria
Bactericidal

capacity
concerning virus

Lmpho-
cyte

IISV-1
Epi­

thelium

Culti- Lymplio- 
va tion  cyte

Ad-1
Epi-

1 hcliuin

Culti­
vât ion

%
absorption

by PMN «imdcukocy tes

I. T o ta l 
ti 32 1 0 0 % 6 .6 8  ! 3.10 7 9 . 6 ± 1 2 . l

No
n 24 75% 0 .9 4  ± 3 .2 8 8 3 . 4 ±  9 .2

Yes 
n  8 9 со/ /о 2 2 2 4 3 3 5 .9 0  : 2.48 6 8 .4 ± 1 3 .2

I I .  T o ta l
n  29 1 0 0 % 5.60 1 2 .12 5 0 .8 4 z  17 .2

No
n  12 4 1 .4 % 6 .5 6  1 2 .48 0 4 .5±  8.7

Yes 
il 17 58.0% 5 5 4 10 11 6 4 .9 2  j 1.56 11.2 ± 1 4 . 9

I I I . T o ta l 
n =  8 1 0 0 % 2.15 j 1.44 3 8 .9zt 11-2

No
n =  4 5 0 % 2.70 I 1.64 4 0 .1  zb 8 .6

Yes 
n =  4 50% ‘7 2 3 3 1 .60  : 1.16 3 7 .9 z b  14 .7

A sim ilar com parison  b e tw een  th e  subgroups o f th e  sam e g roup  in d ica ted  
th a t  p hagocy tosis  becam e less effective in  su b jec ts  w ith  s im u ltan eo u sly  a b ­
so rbed  v iru s , m ainly  in G roup  I. P ro b ab ilities  in th e  o rd er of g ro u p s were, 
I» <  0.1 ( f  =  7.924 a t 4 D F ), p <  0.3 ( f  =  5.164 a t 4 D F) a n d  p <  0.2 
(%2 =  2000 a t  1 D F), re sp ec tiv e ly , none o f th em  reach ed  th e  lim it o f  s ign ific ­
ance. T ail p ro bab ilities  o f one w ay  analysis o f varian ce  w ere in th e  o rd e r of 
g roups 0.4192, 0.0382 and  0.3157, in d ica tin g  th a t  th e  decrease of ph ag o cy to sis  
w as im p o r ta n t  only in  G roup I I .

A d a  Microbiologica Hungarica 31, 1984



184 ONGRÁDI et al.

Tin; b ac te ric id a l c a p a c ity  show ed d iffe re n t re su lts . T he im p a irm e n t of 
k illing  in trace llu la r b a c te r ia  in sub jec ts w hose ora l cells show ed a ff in ity  to  
v iru se s  was found s tro n g ly  sign ifican t in G ro u p s I  an d  11 (p <7 0.001 and  
y1 — 13.206 a t 3 D F  in  th e  firs t group, y2 — 11.675 a t 3 D F  in th e  second 
g ro u p ). Tail p ro b a b ility  o f  one w ay analy sis  o f  va rian ce  reckoned  on basis 
o f im p a irm e n t, co n firm ed  the  previous d a ta , th e  values being  0.0012 and
0.0000. S ubgroups o f  G ro u p  I I I  did n o t d iffer, th e ir  b ac te ric id a l c a p ac ity  was 
w eak . D is trib u tio n  o f  th e  p a tie n ts  was n o t s ig n if ic a n t (p <7 0.4 an d  y2 — 2.333 
a t  2 D F ), and  th e  d ecrease  in th e  am o u n t o f k illed  b ac te ria  was no t sign ifican t 
e ith e r , even a hom ology  could  be susp ec ted , th e  p ro b a b ility  betw een  su b ­
g ro u p s hav ing  been 0.811.

D iscussion

In  our prev ious ex p e rim en ts  [11, 13] s ta t is t ic a l  com parison  of th e  b a c te r ­
ic ida l cap ac ity  of P M ]\ oro lcukocy tes w ith  v iru s  carry in g  ora l cells show ed 
a c loser re la tio n sh ip  b e tw een  th e  tw o p h en o m en a , n am ely  v iru s  ca rrie r sub jec ts  
h ad  im p aired  b a c te ric id a l fu n c tions, especially  th o se  w ith  p e rio d o n titis . I t  is 
kn o w n  th a t  virus c a rr ie r  ly m p h o cy tes  m ay  e n te r  th e  oral c a v ity  v ia  th e  g ingival 
sp ace  110, 13, 16], in te ra c tin g  w ith  ep ith e lia l cells of th e  o ra l m ucosa and  
re su ltin g  in a sim ilar v iru s  ca rrie r s ta te  [10]. M oreover, th e  n a rro w  gingival 
space  is su itab le  for th e  accu m u la tio n  of such c a rrie r  cells w hich are co n tin u o ­
u sly  m ixed  to PM N leu k o cy te s  hav ing  th e  s tr ic t  fu n c tio n  to  ta k in g  up  and  
k illing  m icrobes. R e c e n t s tu d ies  have d raw n  a t te n tio n  to  t h a t  v iruses m ay  
s tim u la te  various ly m p h o id  an d  n o n-lym pho id  cells to  p roduce  a wide v a r ie ty  
o f im m u n e  reg u la to ry  ly m p h o k in es  [3, 14, 15] as gene p ro d u c ts , an d  th a t  th e y  
h a v e  a tox ic  in flu en ce  on o th e r cell ty p es  [14]. T his effect m an ifests  itse lf  
b ecau se  o f th e  d ilu tio n  o f m ed ia to rs  less in  th e  b lood  s tream  th a n  in ce rta in  
tissu es , am ong th em  th e  g ing iva , w here in te n s iv e  im m u n o reac tio n s m ay  tak e  
p lace  [20].

K in e tic  analyses 111 ] an d  th e  p resen t re su lts  suggest th a t  no rm al PM N 
cells em erge in  b o th  h e a l th y  and  p e rio d o n titic  su b je c ts ; th e  concep t o f local 
d am ag e  was p o s tu la te d  b y  earlier in v es tig a to rs  [5, 7]. too .

S uch  factors t h a t  m u s t be sim ilar to  L IF  a n d  M IF  [3, 15] are responsib le  
fo r th e  slow m ob ility  a n d  decreased  v iab ility  as w ell as for th e  im p aired  b a c ­
te r ic id a l cap ac ity  o f PM N  leukocy tes [2]. T h e  effect of m ed ia to rs  m u st ac t 
in sid e  PM N  cells, as b iochem ica l stud ies sug g est [1, 21]. As th e  PM N cells 
o f periodon tosis  p a tie n ts  a re  a p riori defec tive  [9] th e  m ed ia to rs  can  a lte r  
th e ir  func tions only  in  a s lig h t degree.

As PMN cells w ere  n o t responsible for th e  severe  sy m p to m s, lym p h o cy tes  
cam e in to  th e  lim e lig h t. M ore types of b o th  h e rp esv iru s  [10, 11, 16, 24] and 
ad en o v iru s  [22, 23] g ro u p s have  a lready  show n s tro n g  ev idence to  estab lish

Acia Microbiologica Hungáriái 31, 1984



V IRUS A BSO RPTIO N 185

la te n t or p e rs is te n t in fection  in ly m p h o id  cells. T his would m ean  tin* su sc e p t­
ib ility  or r a th e r  a defect o f p a r t  o f ly m p h o cy te s . In s te a d  of being  sensitized  
by  v iru ses in  th e  usual m an n er a f te r  in fec tio n , a la te n t  s ta te  pers is ts  due  to  
u p ta k e  o f th e  v iru s  [1]. T his does no t a ffec t th e  v iab ility  o f ly m p h o c y te s , 
as show n by tin* p resen t resu lts . O f course , th is  m ay  occur n o t only  w ith  adeno- 
an d  h erp esv iru ses , as cu ltiv a tio n  o f  u n in fec ted  cells of sim ilar p a tie n ts  has 
in d ica ted  (u n p u b lish ed  da ta ).

Acknow ledgem ent. T he au th o rs  are in d e b te d  for s ta tis tic a l eva lu a tio n  of d a ta  c a rried  
out a fte r  p ro g ram  B M D P IF  to Mr. K . B a r a n y i an d  Mr. A. Mészáros o f th e  S ec tio n  of 
S ta tis tic s  o f Sem m elw eis U n iv ersity  M edical School, B u d ap est.
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V IR U L E N C E  FA C T O R S OF ESCHERICHIA COLI

I. M A N N O SE R E S IS T A N T  H A E M A G G L U T IN A T IN G  C A PA C ITY  IS A SSO C IA T E D  
W IT H  S E R O G R O U P  B U T NOT W IT H  S IT E  O F  IN F E C T IO N

E v a  C z i r ó k , A n n a  M a r t o n , M á r t a  C s i k  an d  M á r ia  S o l t

N ationa l Institute o f  H ygiene , B udapest und lle im  Bál Children's H ospital. B udapest

(R ece iv ed  Ju n e  13, 1983)

D ifferent serogroups of E scherichia coli s tra in s  o rig in a tin g  from  faeces (p a tie n ts  w ith  
e n te r it is  244, h ea lth y  in d iv id u a ls  225), u rin e  (p y e lo n ep h ritis  111, c y stitis  130, a sy m p to m a tic  
b a c te r iu r ia  59) and  o th er e x tra in te s tin a l sources (blood 30, cereb rosp inal flu id  15, w ou n d  13, 
au to p sy  m a te ria l 9, um bilicus 8 , v a g in a  20, th ro a t 13 an d  nose sw abs 5) w ere ex am in ed  for 
m annose  re s is ta n t h aem ag g lu tin a tio n  of hum an A e ry th ro c y te s  (M R H A  hu m .). T h e  m ost 
f re q u e n t serogroups were 0 1 , 0 2 , 0 4 ,  0 6 , 0 7 , 018  and  0 7 5  un ifo rm ly  am ong faecal (26 .5% ), 
u r in a ry  (34% ) and o th er e x tra in te s t in a l  (57.9% ) s tra in s . H a em a g g lu tin a tin g  a c t iv ity  was 
sig n ifican tly  m ore frequen t in th ese  serogroups th a n  in o th e rs  (p <C 0.001). T h ere  w as no 
s ig n ifican t association  betw een  M R IIA  p o sitiv ity  and orig in  o f the  serogroups. It h a s  been 
concluded  th a t  MR1IA hum . p ro p e rty  o f an E. coli s tra in  dep en d s on its  se rog roup  ra th e r  
th a n  its  origin. As these serogroups are th e  m ost f req u e n t in th e  in te s tin a l flo ra , it is assum ed 
th a t  th e ir  physio logical fu n c tio n  is to  colonize the bowel and  th e ir  p a tho log ica l significance 
is to  p rov ide  a source for e x tra in te s t in a l  infection.

T here  are  m an y  t r a i t s  to  in d ica te  tin* p a th o g en ic ity  of Escherichia coli 
s tra in s  iso la ted  from  d iffe ren t conditions. In th e  la s t five years tin 4 im p o rtan ce  
of adherence  to  d ifferen t su rfaces has been in th e  fo reg round . R ecognition  
of fim b ria l s tru c tu re s  [1], ad h esiv e  fac to rs o f en te ro to x ig en ic  E . coli (K 88, 
K 99, C F A I, C F A II [2 6]), a n d  e labo ra tion  o f h a em ag g lu tin a tio n  (H A ) p a t t ­
erns [7, 8] led to  th e  d iscovery  o f a new group  o f E . coli. T his g roup  is c h a ra c t­
erized by  ag g lu tin a tio n  o f  h u m a n  A e ry th ro c y te s  in a m annose  re s is ta n t 
m a n n e r  (M R H A  hum . [9—11]. A nalysis o f d iffe ren t p ro p ertie s  o f  M R IIA  
h um . p ositive  s tra in s  [9, 11 13] led  to  a b e tte r  u n d e rs ta n d in g  o f th e  p a th o g en ic  
role in  u r in a ry  tra c t in fec tio n s (U T I), to  th e ir  serological c h a ra c te r iz a tio n  
[14, 13] an d  recogn ition  o f th e  chem ical n a tu re  o f th e ir  recep to rs  [16, 17]. 
O ccurrence  o f M R H A  h u m . po sitiv e  s tra in s  in H u n g a ry  was describ ed  by 
K u eh  el al. [18] an d  Czirók el al. [19 |.
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T h e aim  of th is  s tu d y  w as to  exam ine w h e th e r M R H A  h u m . p o sitiv ity  
o f  E . coli has any  o th e r  im p o rta n c e  besides causing  U TI.

M ateria ls and m ethods

Bacterial s tra in s  w ere iso la te d  from faecal sam p les, u rine  and o th e r  ex tra in te s tin a l 
so u rces  be tw een  J a n u a ry ,  1979, an d  Ja n u a ry , 1983. All s tra in s  were s to red  on D o rset egg 
s lopes a t  am bient te m p e ra tu re  as well as in lyophiles u n til  su b cu ltu red  for tes tin g .

Faecal samples w ere c o lle c te d  from  sporadic cases o f  en te ritis  (244) o r h e a lth y  in d iv id ­
u a ls  (225), w ith  the  ex cep tio n  o f 71 ou t of 99 faecal s tra in s  o f p a tie n ts  u n d e r one y e a r o f age. 
T h ese  w ere iso lated  from  c h ild ren  w ith  enteritis in  th re e  w ard s of a h o sp ita l.

U rinary samples m o s tly  o rig in a ted  from  p a tie n ts  o f th e  nephrological and urological 
c lin ics  a n d  w ards of one h o sp ita l (210 stra ins), th e  r e s t  fro m  a n o th e r h o sp ita l (29) and  from  
d iffe re n t cases (61 s tra in s). T h e  210 hosp ital s tra in s  re p re se n ted  200 u rin e  sam ples of 148 
p a tie n ts ,  th e  rem ain ing  90 s tra in s  were iso lated  fro m  u rin e  of 81 p a tie n ts .

Diagnostic criteria fo r c lass ifica tio n  of u r in a ry  s tra in s  w ere as follow s. Pyelonephritis  
(111 s tra in s ) :  sign ifican t b a c te r iu r ia  (I>105 b ac te ria /m l) , p y re x ia  (38.0 °C), increased  e ry th ro ­
c y te  se d im e n ta tio n  ra te  ( > 2 0  m m /h ), leukocytosis, p y u r ia , n au sea, m alaise, h ack  or ab dom inal 
p a in . C ystitis  (130 s tra in s ): s ig n if ic a n t b ac teriu ria , acco m p an ied  b y  b u rn in g  pa in , freq u en t 
u r in a t io n  and  pyuria. W ide b la d d e r  neck was f re q u e n tly  in  th e  b ack g ro u n d  of recu rre n t 
in fec tio n .

A sym ptom atic  bacteriuria  (59 stra ins): sign ifican t b a c te r iu r ia  w ith o u t p y u ria  and  clinical 
sy m p to m s .

Other extraintestinal in fec tions. Blood iso lates (30) w ere collected  from  sepsis o r u ro ­
sepsis. S tra in s  iso lated  fro m  c ereb ro sp in a l fluid (15) w ere from  cases o f m en ing itis . T he 13 
w o u n d  sw abs rep resen ted  d iffe re n t p u ru len t processes in c lu d in g  abscesses. N ine s tra in s  were 
iso la te d  from  d ifferen t n e c ro p sy  m ate ria ls  of p a tie n ts  w ho died  w ith  sepsis. T he sam ples 
w ere co llected  from  d iffe re n t p a r ts  o f th e  coun try .

U m bilical (8), v a g in a l (20), th ro a t  (13) and nose  (5) sw abs o rig in a ted  from  h ea lth y  
m o th e rs  a n d  th e ir babies s ta y in g  in  th e  gynaecological a n d  p e rin a ta l w ards o f a h o sp ita l.

Serological exam ination  o f  О antigens. The p ro ced u re s  were as described  b y  0 rsk o v  
an d  0 rsk o v  [20] excep t th a t  in  th e  case of hetero logous re ac tio n s  w ith  d iffe ren t О an tigens, 
a n tib o d ie s  were rem oved b y  a b so rb in g  th e  sera w ith  all th e  reac tin g  he tero logous an tigens.

H aem agglutination. H u m a n  group  A e ry th ro c y te s  w ere w ashed tw ice in  p h o sp h a te  
b u ffe re d  saline (PB S) and  su sp en d e d  to  3% . The H A  a c tiv ity  and  its  in h ib itio n  b y  D -m annose 
w ere ex am in ed  on a glass slide b y  m ix ing  one drop of re d  blood cell suspension  w ith  or w ith o u t 
one d ro p  o f D-m annose (2 % ) a n d  one loopful of b a c te r ia , grow n on CFA m ed iu m  [21] a t 
37 °C fo r 18 h.

Statistica l analysis w as c a rr ie d  o u t in 2 X 2 co n tin g en cy  tab le s  and  exam in ed  fo r signific­
ance  b y  th e  y 2 te s t [22].

Results

T h e  incidence o f  M R H A  hum . positive  s tra in s  in  faecal sam ples from  
p a t ie n ts  and  h ea lth y  p e rso n s  o f  d ifferent age g roups is p resen ted  in  T ab le  I. 
F a e c a l s tra in s  exerted  h a e m a g g lu tin a tin g  a c tiv i ty  in 18 .6%  (24 .6%  for e n te r­
itis  s tra in s  and  12%  fo r h e a lth y  persons’ s tra in s ) . T he difference in  M R H A  
h u m . p o s itiv ity  b e tw een  p a tie n ts  and  h e a lth y  persons w as s ign ifican t 
( p < 0 . 001), h u t th is w as a sso c ia ted  w ith the  d ifferences found in th e  age groups 
u n d e r  one year (p 0 .01). T h e re  was no s ig n if ican t d ifference betw een  en ter- 
itic  a n d  h ea lth y  persons o f  o th e r  age groups. T h e  on ly  considerab le  difference 
e x is te d  betw een  en te ritic  p a t ie n ts  under one y e a r  o f  age an d  e n te ritic  p a tie n ts
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above 14 y ea rs  of age (p <7 0.01). A ca lcu la tio n  was m ade to  f in d  o u t  w hether 
th e  h igh  incidence of h a e m a g g lu tin a tin g  s tra in s  am ong p a tie n ts  u n d e r  one 
year o f age w as due to  th e  fa c t t h a t  71 o f  99 en te ritis  s tra in s  s tra in s  were 
iso la ted  in  th e  sam e ho sp ita l. T h ir ty  o u t o f 71 “ h o sp ita l”  a n d  6 o u t o f 28
“ sp o rad ic”  s tra in s  were M R H A h u m . positive , ind ica ting no  s ign ifiean t
difference (p > 0 .1 ) .

T able  I

Incidence o f  M R H A  hum . positive E. coli strains in faecal samples o f pa tien ts
and healthy persons

Source
P atien ts  w ith enteritis, age groups (yipar)

<1 1 2 3-5 6 14 > 1 4 Total

No. of strains
No. of M R IIA  hum . positive

99 2H 27 22 68 244

strains .47 5 3 3 12 60

H ealthy persons, age groups (year)
source

<1 1 2 3-5 6-14 > 14 T otal

No. of strains
No. of MRI I A hum . positive

69 26 38 26 66 225

strains 11 0 3 1 12 27

The d is tr ib u tio n  of E. coli sc ro g ro u p s an d  haem ag g lu tin a tin g c a p a c ity
is d e m o n s tra te d  in T ahié II . A to ta l  o f 87 serogroups w as iso lated , h u t  2 6 .5 %  
o f th e  s tra in s  belonged  to  no t m ore  th a n  8 serogroups. H a e m a g g lu tin a tin g  
s tra in s  belonged  in  78.2%  to  th e se  m o st fre q u e n tly  occurring se ro g ro u p s 
(0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 015 , 0 1 8 ac  an d  0 7 5 ). H aem ag g lu tin a tin g  a c tiv i ty  w as 
s ig n ifican tly  m ore  frequen t in th e se  serogroups th a n  in others (p %  0.001).

From  u rin e , 300 stra ins w ere iso la ted  (T able I I I ) .  M R IIA  hum . p o s it iv i ty  
occurred  in 2 5 .3 %  (27%  for p y e lo n e p h ritis , 27 %  for cystitis , 1 8 .6 %  for 
a sy m p to m a tic  b a c te riu ria  (ABU) s tra in s ) . T here  was no sign ifican t d iffe rence  
in th e  freq u en cy  o f  M RH A  hum . b e tw een  p y e lo n ep h ritis  and cy stitis  s tra in s  
(p >  0.99). O n th e  o ther hand  th e re  w as considerab le  difference fo u n d  b e ­
tw een  groups o f  pyelonephritis  a n d  A B U  s tra in s  (p <7 0.02) and  b e tw e e n  
cystitis  and  A B U  stra in s  (p <7 0.02).

To te s t  th e  relationsh ip  b e tw een  h a em ag g lu tin a tin g  a c tiv ity  a n d  О 
an tigens of th e  sam e u rin a ry  E. coli s tra in s  th e  E . coli iso lates were se ro g ro u p ed  
(Table I I I ) .  A to ta l  o f 51 serogroups w as d e te rm in ed ; 102 s tra in s be longed  to  
th e  m ost p rev a len t 8 serogroups (0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 0 8 , 018ac , 0 7 5 ) , 52 
of them  p ro v ed  to  he M RHA hum . po sitiv e . Inc idence  o f  HA p o s itiv ity  in  
these  serogroups w as sign ifican tly  h ig h e r th a n  in o th e r  serogroups (p <  0 .001).
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Table II

Serogroup distribution o f  М И Н А  hum . positive E . coli stra ins isolated from  faecal samples

Serogroup Patients with 
enteritis

H ealthy  persons Total

O l 3/9' 4/7 7/16
0 2 1/5 2/7 3/12
0 4 10/13 1/3 11/16
0 6 9/13 5/6 14/19
0 7 2/3 1/7 3/10
0 1 5 3/6 5/9 8/15
0 1 8 a c 16/17 4/6 20/23
0 7 5 1/7 1/7 2/14
O th e r2 7/78 1/90 8/168
S pontaneous ag g lu tin a tio n 0/6 1/6 1/12
N T 3 8/87 2/77 10/164

T o ta l 60/244 27/225 87/469

1 N o. o f strains h aem agg lu tina ting /N o . of s tra in s  exam in ed
2 0 3 ,  0 5 , 0 8 , 0 9 , O lO , O i l ,  0 1 2 , 013, 015,56, 0 1 6 , 0 1 7 , 017,77, 0 1 8 ab , 019,133, 0 2 0 , 

0 2 1 , 0 2 2 , 0 2 3 , 025 , 0 2 6 , 0 2 9 , 030 ,116 , 033, 0 34 , 0 3 6 , 0 4 0 , 0 4 6 , 048 , 048,87, 0 5 1 , 0 5 5 , 0 5 9 , 
0 6 1 , 0 6 8 , 0 6 9 , 0 7 1 , 0 7 3 , 0 7 8 , 0 7 9 , 0 80 , 081 , 085  , 0 8 6 , 0 8 8 , 0 8 9 , 091 , 0 9 2 , 0 9 5 , 0 9 8 , 0 9 9 , 
0 1 0 2 , 0 1 0 6 , 0107 , OHO, 0 1 1 1 , 0 1 1 2 ab , 0112ac, 0 1 1 3 , 0 1 1 5  , 0121 , 0123, 01 2 4 , 0127 , 0 1 2 8 , 
0 1 3 1 , 0 1 3 6 , 0141 , 01 4 2 , 0 1 4 6 , 0 1 4 7 , 0148, 0149 , 0 1 5 1 , 0 1 5 2 , 0154 , 0156 , 0159 , 0164

3 N o t groupable

Table I I I

Serogroup distribution o f  М И Н А  hum. positive E . coli strains isolated fro m  urinary tract
infections

Serogroup Pyelonephritis Cystitis ABU1 T otal

Ol 3/62 5/6 0/0 8/12
0 2 2/6 8/12 0/6 10/24
0 4 1/1 1/3 4/5 6/9
0 6 9/9 9/15 1/2 19/26
0 7 0/2 1/2 0/5 1/9
0 8 0/3 1/3 0/1 1/7
0 1 8 a c 2/5 1/1 2/3 5/9
0 7 5 1/4 1/1 0/1 2/6
O th e r3 6/30 0/35 1/11 7/76
S p o n tan eo u s ag g lu tin a tio n 0/7 3/6 2/3 5/16
N T 4 6/38 5/46 1/22 12/106

T o ta l 30/111 35/130 11/59 76/300

1 A sy m ptom atic  b ac te riu ria
2 No. of s tra in s  haem agglu tina ting /N o. o f s tra in s  exam ined
:l0 3 , 0 5 , 0 7 ,1 6 , 0 9 ,  OlO, O i l ,  012 , 0 1 5 , 0 1 7 , 0 1 7 ,77 , 020 , 0 2 1 , 0 2 2 , 0 2 3 , 0 2 5 , 0 2 9 , 

0 2 9 ,1 3 4 , 0 3 0 , 0 3 6 , 0 4 2 , 0 4 5 , 0 5 1 , 056 , 0 5 7 , 0 6 1 , 0 7 1 , 0 7 8 , 0 83 , 0 8 5 , 0 9 5 , 0 9 6 , 0 9 9 , O lO l, 
0 1 0 6 , 0107 , 01 0 9 , 0 1 1 2 a b , 01 3 1 , 0141, 01 4 2 , 0 1 4 9 , 0 1 5 2 , 0159 

4 N ot groupable
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Table IV

K. coli serogroups in  urine samples o f  pa tien ts with urinary tract infection

P atien t
and age D ate Sero group Diagnosis
(y.-ur)

I I I ! . 03.10. 1982 0 8
9 04.28. NT C ystitis

02.28. 1983 Sp.

N .B . 03.10. 1982 NT
10 06.16. NT C hronic pyelonephritis

02.28. 1983 NT

S.A. 03.10. 1982 NT
12 03.20. NT C hronic pyelonephritis

04.16. NT

S.I.. 04.28. 1982 NT
2 06.16. NT C ystitis

10.22. NT

T .l . 03.10. 1982 0 5
5 03.20. 0 5 C ystitis

10.22. NT

v.v. 03.10. 1982 Ol
4 03.20. 01 C ystitis

02.28. 1983 0 8 , NT

k .S z . 11.12. 1981 0 3 0
13 03.10. 1982 O l: K1 C ystitis

03.20. O l: k l
10.22. 061

K .E . 03.10. 1982 NT
HI 10.22. 0 2 C ystitis

10.31. 0 2
02.28. 1983 NT

S .k . 11.12. 1981 021
10 03.10. 1982 021 C hronic pyelonephritis

06.16. O I2
02.28. 1983 0107

Ä .E. 03.10. 1982 0 6
10 06.16. Sp. C hronic pyelonephritis

10.22. 01(11
02.28. 1983 0 6

S.l). 03.10. 1982 01,0131
9 04.28. NT C ystitis

06.16. NT
02.28. 1983 0 18:ic C hronic pyelonephritis

V .K. 11.12. 1981 Sp.
9 03.10. 1982 0152 R elapsing  cystitis

04.28. 0.3
10.22. 0 2 W ide b lad d er neck
02.28. 1983 Sp.

NT N ot g ro u p ab le
Sp. S pon taneous agglutination
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I n  a paed ia tric  n ep h ro lo g ica l w ard  an d  o u tp a tie n t clinic 210 s tra in s  
w ere co llec ted  from  148 p a tie n ts . P a tie n ts  w ith  re c u rre n t in fections w ere 
s u b je c te d  to  fu rth e r an a ly sis . O n ly  12 o u t o f th e  148 h ad  m ore th a n  tw o  
sam p les  (T ab le  IV). In  tw o  p a tie n ts  (S .K ., A .E .) o u t o f 5 w ith  p y e lo n ep h ritis  
th e  sa m e  О serogroup w as iso la ted  at d iffe ren t acu te  periods.

M R H A  hum .positive  iso la tes  occurred  m ost freq u en tly  (51 .2% ) in  
d iffe re n t n o n -u rin a ry  e x tra in te s t in a l  sam ples (T able V), w ith  especially  h igh 
in c id en ce  in blood, n ecropsy  m a te r ia l, w ound sw abs, sp u tu m  an d  nose sw abs 
o f h e a l th y  new born  in fa n ts .

T w en ty o n e  serogroups w ere iso la ted  from  o th e r  e x tra in te s tin a l m a te ria ls . 
S ix  se ro g ro u p s  (01 , 0 2 , 0 4 , 0 6 ,  0 1 8 ac , 07 8 ) w ere th e  m ost f req u en t, co m p ris­
in g  69 s tra in s  w ith 48 being  M R H A  hum . p o sitive . T he difference in  incidence  
o f  H A  a c tiv ity  in these  6 serog roups and in  th e  rem ain ing  ones w as h ig h ly  
s ig n if ic a n t (p <  0.001).

Table V

Serogroup distribution o f  M R H A  bum . positive E . coli strains isolated from extraintestinal
sources

Serogroup Blood CSF1
A utopsy
m a te r­

ial
Wound

Umbil­
icus Vagina T hroat Nose Sputum E ar Total

O l l / i - ’ 0/1 i / i 4/4 i / i i / i 8/9
0 2 i / i — — — 1/4 2/4 1/2 1/2 — — 6/13
0 4 2/2 2/2 I / 1 l / 1 — — — — — 6/6
0 6 6/6 0/1 3/4 5/5 — — 2/2 — — — 16/18
0 1 8 a c 3/4 0/1 1/2 0/1 0/3 2/4 1/1 2/2 o /i 9/19
0 7 8 2/2 1/2 — — — — — — — 3/4
O th e r3 3/7 1/6 0/8 0/3 0/1 2/5 0/4 1/1 — 0/2 7/30
Sp. ag g l.4 1/2 1/2 — — — — — 2/4
N T 5 2/7 V 1 — 1/3 — 0/4 0/1 — — — 4/16

T o ta l 19/30 6/15 6/9 7/13 3/8 8/20 5/13 4/5 2/2 1/4 61/119

1 Cerebrospinal fluid
2 No. of stra ins h aem ag g lu tin a tin g /N o . o f s tra in s  exam ined
3 0 3, 05, 07, 012, 015, 019, 022, 023, 033,56, 075, 083, 0106, 0107, ОНО, 0114
4 Spontaneous a g g lu tin a tio n
5 N o t groupable

On the  basis o f  e lec tro n  m icroscopical ex am in a tio n s 200 o u t o f 224 
h a e m a g g lu tin a tin g  s tra in s  h a rb o u red  fim b ria l s tru c tu res .

D iscu ssion

According to  l i te ra ry  d a ta , adhesion  o f E . coli to  ep ith e lia l cells o f th e  
u r in a ry  tra c t is c o rre la te d  to  m annose re s is ta n t ag g lu tin a tio n  o f  h u m an  A 
e ry th ro c y te s  [9, 23]. T h is adhesiveness is closely associated  w ith  v iru len ce  [24].
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C oncerning th e  origin o f  s tra in s , it has been  o b serv ed  th a t  faecal s tra in s  
caused  h aem ag g lu tin a tio n  less often  th a n  iso la tes from  U T I [25]. A ccord­
ing to  these  and o th e r  d a ta  th e re  is a re la tio n sh ip  betw een  pyelon ep h ritic  
o rig in  an d  h a e m a g g lu tin a tin g  cap ac ity  of s tra in s .

As a co n trad ic tio n  to  these  d a ta  an d  to  o u r ex p ec ta tio n s , how ever, our 
su rv ey  revealed  no s ig n if ican t difference in  M R HA hum . p o sitiv ity  betw een 
s tra in s  iso la ted  from  p y e lo n ep h ritis  and  tho se  iso la ted  from  cy stitis . F rom  
re c u rre n t infections o f  ce rta in  p a tien ts  th e  sam e serogroup  was iso lated  
in freq u en tly . M R H A  h u m . p o sitiv ity  in p y e lo n ep h ritis  an d  n e g a tiv ity  in 
cy s titis  of th e  p re v a le n t serogroups as rep o rted  b y  o th e rs  [30] could  n o t be 
observed  consequen tly  in  o u r s tra in s . As to  w h e th e r s tra in s  iso la ted  in the  
course o f cystitis  can be  d iffe ren tia ted  as p o te n tia l cau sa tiv e  agen ts o f a su b ­
seq u en t pye lonephritis  in  th e  sam e p a tie n t, is a q u estio n  to  be solved, a lthough  
a considerab le  difference w as found  betw een g roups o f  p y e lo n ep h ritis  an d  ABU  
stra in s  an d  betw een  c y s titis  a n d  A BU  stra in s.

I t  is well know n from  th e  w ork of E v an s  e t al. |8 ] th a t  th e  large m a jo rity  
(80.2% ) o f  th e  stra in s be lo n g in g  to  0 1 , 0 2 , 0 4 , 0 6 , 0 7 ,  0 1 8  serogroups derived 
from  U T I, show  M R H A  h u m . positiv ity . T his w as th e  case in  69 .5%  in our 
m a te ria l. In  th e  m a te ria l o f E v an s  e t al. [8] th e  stool iso la tes o f th e  sam e sero­
g roups w ere positive for M R H A  hum . in 59 .2% . T h is frequency  was 54.8%  
for o u r s tra in s . S vanborg  E d e n  e t al. [26] described  th a t  s tra in s  belonging to  
the e ig h t О groups (0 1 , 0 2 ,  0 4 . 0 6 , 0 7 , 0 1 6 , 0 1 8 . 0 7 5 ) found  in 80%  of 
p a tie n ts  w ith  acu te  p y e lo n ep h ritis , show ed a t ta c h m e n t in a h igher p rop o rtio n  
th a n  th o se  of th e  rem ain in g  О groups. Van den B osch e t al. [27] confirm ed 
th a t  U T I s tra in s  positive fo r M R H A  hum . belonged  to  g roups 0 1 , 0 2 , 0 4 , 
0 6 , 0 8 . 0 1 8 ac , 0 2 3 , 0 2 5 , 0 5 7 , 0 7 5 , 0128.

In  ou r m ateria l faeca l, u rin a ry  an d  e x tra in te s tin a l s tra in s  belonged 
th e  m o st freq u en tly  to  se rog roups 0 1 , 0 2 , 0 4 , 0 6 , 0 7 , 0 1 8 , 0 7 5 . T hese sero­
groups w ere a t  th e  sam e tim e  th e  m ost f req u en t h aem ag g lu tin a tin g  ones 
(Tables I I ,  I I I .  V).

B rie fly , th e  high in c id en ce  of these  serogroups in  b lood , faecal sam ples, 
urine a n d  th e ir  frequen t M R H A  hum . a c tiv ity  is w ell-know n. T he o b serva tion , 
how ever, th a t  M R H A  h u m . p o s itiv ity  is no t re la te d  to  th e  source o f s tra in s , 
an d  th a t  M R H A  hum . p o s it iv ity  depends on th e ir  serog roup  ra th e r  th a n  th e ir  
origin, h as  been firs t rev ea led  by  th is  s tu d y . T h is f in d in g  w as co rro b o ra ted  
b y  th e  fac t th a t  there  was no sig n ifican t difference in  th e  incidence of M R H A  
hum . p o sitiv ity  o f 0 1 ,0 2 ,  0 4 ,0 6 ,  0 1 8 , 075  serogroups eit h er betw een  U T I and  
faecal s tra in s  (p 7> 0.99), b e tw e e n  faecal and  e x tra in te s tin a l iso la tes (p 0.2), 
or be tw een  U T I and  e x tra in te s tin a l cu ltu res (p 0.1). All th ese  resu lts  have 
led to  th e  conclusion th a t  M R H A  hum . p ro p e rty  o f an  E . coli s tra in  is associ­
a ted  w ith  certa in  serogroups b u t  n o t w ith  its origin. I t  m ay  be assum ed  th a t  
ty p es  of fim b ria  responsible fo r M R H A  hum . a re  asso c ia ted  w ith  certa in  О
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a n tig e n s . T h is assum ption  w as also su p p o rted  b y  earlier s tu d ies  |15 , 28] 
acc o rd in g  to  w hich th e  a sso c ia tio n  betw een  0 ,K ,H  an d  F  an tig en s  re flec ts  
th e  e x is te n c e  of a com m on a n c e s to r . D e te rm in a tio n  of К  a n d  H  an tigens 
m a y  p ro v id e  m ore evidence fo r th is  th eo ry .

E . coli iso lates ex e rtin g  M R H A  hum . a c tiv ity  have  a p ecu lia r F  an tig en  
[14] o r  a  P  fim bria  [16] an d  re p re se n t a special g roup  o f adhesins. T h ey  have 
to  be  d iffe re n tia ted  from  f im b ria  ty p e  1 an d  from  adhesive fac to rs  o f e n te ro ­
to x ig e n ic  s tra in s  (K 88, K 99, 987. C F A I, C F A II) b y  th e ir  fu n c tio n .

I n  earlie r stud ies [29, 30] i t  has been  assum ed  th a t  P  fim b riae  bind 
e f f ic ie n tly  n o t only to  th e  u r in a ry  b u t  also to  th e  in te s tin a l ep ith e liu m . This 
h as  a lso  been  proved  for som e o f o u r s tra in s  in  a n o th e r s tu d y  [19]. S ince sero- 
g ro u p s  w ith  P  fim bria  occur v e ry  freq u en tly  as res id en ts  in  th e  faecal flo ra  it 
m a y  b e  concluded  th a t  th e  p h ysio log ica l fu n c tio n  of M R H A  h u m . positive  
s t r a in s  is to  colonize th e  bow el. O u tside  th e  g u t, in  v iew  o f th e ir  a ff in ity  to  
o th e r  ep ith e lia l surfaces, th e y  h a v e  am ple  o p p o rtu n ity  to  cause v a rio u s  ex tra - 
in te s t in a l  infections.
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SYNERGISTIC INTERACTION OF BAKER’S YEAST AND 
IRON IN THE ENHANCEMENT OF BACTERIAL

VIRULENCE

I. Joó, J .  E mőd  and K a t a l i n  T a ká cs

H u m a n  I n s t i t u t e  f o r  S ero b a c te r io lo g ica l P r o d u c t io n  a n d  R e s e a r c h ,
W H O  C o lla b o r a tin g  C e n tr e  f o r  R e fe re n c e  a n d  R e se a rc h  o n  B a c te r ia l  V a c c in e s . B u d a p e s t

(R eceived  Ju n e  13, 1983)

T he v iru len ce-en h an c in g  in te ra c tio n  of b ak er’s y e a s t a n d  d iffe ren t iron  p re p a ra tio n s  
(ferric  am m onium  c itra te  an d  iro n  d e x tra n ) was tested  in  m ice challenged w ith  S a lm o n e l la  
t y p h i  and  V ib r io  ch o lera e  ( In a h a  and  O gaw a) stra ins . T he v iru len ce-en h an c in g  effect o f the  
y e as t -f- iron  com b in a tio n  in creased  sig n ifican tly  as com pared  to  th a t  o f e ith e r y eas t or iron  
alone. T ox ic ity  assays of th e  single and  com bined b ak er’s y e a s t an d  iron  p rep ara tio n s  b y  the  
m ouse w eight gain  te s t hav e  show n th a t  th e  com binations a re  co n sid erab ly  m ore tox ic  th a n  
e ith e r single ag en t, p ro b ab ly  ow ing to the  presence of y e as t. E x am in a tio n  of th e  single and 
com bined  p rep ara tio n s fo r in flu en ce  on body tem p e ra tu re  o f m ice has revealed  a general 
h y p o th erm ic  action , w hich  was s tro n g e st in th e  co m b in a tio n s, ow ing again  to  the  y eas t. 
T heo re tica l considera tions on  th e  und erly in g  m echanism  of th e  v iru lence-enhancing  effect 
have  su p p o rted  the  h y p o th esis  th a t  th e  effect m igh t he asso c ia ted  w ith  th e  s trong  h y p o th erm ic  
action  produced by b a k e r’s y e a s t and  b a k e r’s y eas t- |- iro n  co m b in a tio n s , in as m u ch  as h y p o ­
th e rm ia  increases the p ro d u c tio n  of siderophores w hich en su re  th e  acqu isition  of iron  in d is­
pensab le  for b a c te ria l g row th .

Iron  is know n to  en h an ce  th e  virulence o f  m a n y  m icroorgan ism s (for 
review s see [1. 2]). W e [3—5] a n d  F o rd  an d  H ay h o e  [6] h av e  show n th is  effect 
on Vibrio cholerae, K ree ften b erg  e t al. [7] d e m o n s tra te d  a s tro n g  p a th o g en ic ity  
p ro m o tin g  effect o f b a k e r ’s y e a s t on Salmonella ty p h i  T y2 , and  we too , could 
confirm s th is  fin d in g  [8 |.

In  th is  p ap e r we re p o r t  on in v estiga tions in to  th e  in te ra c tio n  o f iron  and  
b a k e r’s y east, viz. on th e ir  effect on th e  v iru lence o f  S . typ h i  and  V. cholerae 
s tra in s .

M aterials and m ethods

B a c te r ia . S a lm o n e l la  t y p h i  T y2; V ib r io  cho lerae  In a b a  569 В an d  Ogawa 41.
M ic e . C FL P o u tb red  m ice w ere used  a t  an equal sex ra tio .
V ir u le n c e -e n h a n c in g  ( V E )  a g e n ts . M u c in  ( M ) .  Hog g astr ic  m u cin , ty p e  1701-w (W ilson 

L ab o ra to ries , Chicago, USA) w as used  in 5%  w/v suspension acco rd in g  to  the  reco m m en d a tio n s

I stvá n  J oó , J ános E mőd
Montan In s titu te  for Serobacteriological P roduction ami Research 
Szállás u. 5, H-1107 Budapest, H ungary

K a ta l in  T akács
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of th e  W o rld  H ealth  O rg an iza tion  [9 |. B a k e r 's  y e a s t  ( B Y ) .  In ac tiv e  d ried  b a k e r ’s yeast 
( “ E n g e v i ta ” , G ist-B rocades N .V ., D elf, T he N e th erlan d s) was suspended  in  iso to n ic  saline 
a t  5 %  w /v  co n cen tra tio n , h ea t-s te riliz ed  on 2 consecu tive  days in w a ter h a th  a t  100 °C for 
30 m in , a n d  ad ju s ted  to  p H  7.2 w ith  1 N N aO H  before use. F e r r ic  a m m o n iu m  c i tr a te  ( F A C ) .  
(A m m o n iu m  ferric  c itra te  b row n, Code No. 27163. B D H , Poole, E n g lan d .) T he so lu tio n s were 
p re p a re d  in  d istilled  w ater an d  s te rilized  b y  boiling. I r o n  d e x tr a n  ( I D ) .  (Im fero n , P h a rm ac ia  
AS, H e lle ro d , D enm ark) w ith o u t p re se rv a tiv e ; i t  was sterilized  by  au to c lav in g .

V ir u le n c e  tes ts . F o u r or 5 g ro u p s  of m ice a llocated  a t  ran d o m , each  co n sistin g  of 12 
an im a ls  (2 2 -2 4  g) were challenged  in tra p e rito n e a lly  (i.p .) w ith  tenfo ld  serial d ilu tio n s of 
b a c te r ia l  suspensions p rep ared  fro m  5 -6  h  agar cu ltu res  in  p h o sp h a te -g e la tin -sa lin e  buffer 
pH  7.2 19]. T he Y E agents w ere ad d ed  to  th e  suspensions im m ed ia te ly  before  challenge. 
A n im a ls  w ere  observed 72 h.

D e te r m in a t io n  o f  g e r m  c o u n t . T h e  to ta l  b ac te ria l c o u n t was assessed v isu a lly  b y  co m p ar­
ison  w ith  th e  4 th  and 5 th  In te rn a tio n a l  R eference P re p a ra tio n s  for O p acity . T he v iab le  count 
w as d e te rm in e d  by co un ting  co lony-fo rm ing  u n its  in  cu ltu res  o b ta in ed  b y  th e  p o u r-p la te  
te c h n iq u e .

E s t i m a t i o n  o f  the  to x ic i t y  o f  V E  a g e n ts  by  th e  m o u s e  w e ig h t g a in  te s t. G roups of mice 
a llo c a te d  a t  random , each co n sistin g  of 12 an im als (18 -20  g) were allow ed free  access to food 
a n d  w a te r  fo r no t less th a n  2 h befo re  in o cu la tion . T he group  w eights w ere d e te rm in e d  im m ed­
ia te ly  b e fo re  trea tm e n t w ith  th e  V E  ag en t, and  a f te r  i t  on each of 7 co n secu tiv e  days, 2 h 
a f te r  feed in g . The Y E agen ts w ere app lied  ip  in th e  sam e doses as in th e  v iru len ce  tests , in 
0.5 m l vo lum e.

D e te r m in a t io n  o f  t e m p e r a tu r e  c h a n g e s  in d u c e d  b y  V E  a g en ts . G roups of m ice allocated 
a t  r a n d o m , each consisting of 10 an im a ls  (18 20 g), received  th e  m ate ria ls  i.p . R e c ta l  te m p e ra t­
u re  w as  d e te rm in ed  before tr e a tm e n t,  and  1, 2, 3, 4, 5, 6, 24, 27 and 48 h a f te r  i t  w ith  an electric 
u n iv e rs a l therm o m eter, ty p e  R M 6 (E L L A B  A/S, C openhagen, D enm ark), u sin g  a ty p e  A — RM4 
th e rm o c o u p le  probe. The V E  a g en ts  w ere app lied  in  th e  sam e doses as in  th e  v iru len ce  tests , 
in  0.5 m l volum e. The m ice w ere k e p t  a t  19-20 °C room  tem p e ra tu re  d u rin g  th e  te s t period.

S ta t i s t i c a l  a n a ly s is  o f  r e s u l ts . T he L D 50 v a lu es and  th e  s ta n d a rd  e rro r (s.e.) (a t 95%  
c o n fid e n ce  lim it) of th e  L D 50 v a lu e s  were d e te rm in ed  w ith  th e  m eth o d  of R eed  an d  M uench 
[10]. T h e  significance be tw een  th e  L D 50 v a lu es w as e s tim a te d  by  F ish e r’s F  t e s t  [11]. The 
s ig n ific a n ce  betw een the  b o d y  w eig h t-d ecreas in g  ab ility  of th e  d iffe ren t m a te ria ls  was assessed 
b y  S tu d e n t ’s one sam ple t te s t ,  a n d  th e  sign ificance be tw een  th e  tem p era tu re -d ecreas in g  
a c t iv i ty  o f th e  various co m p o u n d s one h o u r a fte r  in o cu la tio n  w as d e te rm in e d  b y  S tu d e n t’s 
tw o  sa m p le  t test.

R esu lts

Virulence-enhancing effect o f  d ifferent agents. T H E  V E  effec t of th e  
e x a m in e d  m ateria ls on th e  te s t  b a c te ria  are  show n in T ab le  I . T ab le  I I  p resen ts 
th e  sign ificance betw een  th e  V E effects o f  d ifferen t agen ts.

Salm onella typ h i. C om parison  of th e  L D 50 values gave th e  following 
se q u e n c e  of VE effic iency : (1) 1 FAC +  B Y ; (2) 2 FAC -f- B Y ; (3) M.; (4) 
10 ID  +  BY; (5) 20 ID  +  B Y ; (6) BY ; (7) 2 FAC; (8) 20 ID ; (9) 1 FAC; 
(10) 10 ID . The V E effect o f  M an d  BY agreed  w ith  d a ta  from  th e  lite ra tu re . 
FA C  a n d  ID  proved  to  be con sid erab ly  less efficient th a n  M an d  BY, bu t still 
h a d  a certa in  VE effect, because  it  is w ell-know n th a t  th e  L D 50 o f S. typhi 
T y 2  w ith o u t VE ag en ts  a m o u n ts  to  ab o u t 1-4  X Ю6 b ac te ria . I t  is, how ever, 
fu lly  unequ ivocal th a t  th e  V E  effect o f th e  FAC f -  BY an d  ID  -f- BY com bi­
n a tio n s  exceeded s ig n ifican tly  t h a t  o f BY, FAC or ID  app lied  sep ara te ly .

Vibrio cholerae Inaba . T he sequence o f V E a c tiv ity  w as; (1) 20 ID  -f- BY;
(2) 1 FAC +  BY; (3) 2 FA C  +  B Y ; (4) 10 ID  +  BY ; (5) M .; (6) 2 FAC;
(7) 20 ID ; (8) 10 ID : (9) 1 FA C ; (10) BY. A p a rt from  som e m in o r differences,

A d a  Microbiologica llungarica 31, 1984
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Table I

V ir u le n c e -e n h a n c in g  e ffe c t o f  d i f fe r e n t  ag en ts

S . typ h i Ty2 V. cholerae Inaha 569 В V. cholerae Ogawa N IH  41

YE agent? No. No. No.
of

tests
I.D„ s.e. of

tests
LD„ s.e. of

tests
LDs„ s.e.

5%  M 4 8.32 1.81 2 37.71 4.72 2 49.05 32.30
5%  BY 7 236.25 113.60 3 3 .1 1 X 105 2.04 X 105 3 1.49 X 10« 8.81 X lO5
1 FAC (1 mg) 5 5 1.08 x  105 3.92 X 101 3 3.41 X 10s 1 .74Х Ю 3 3 2.56 X 104 2.19 104
2 FAC (2 m g) 3 3 1.25 X 104 8.38 X 10:i 3 79.02 54.85 3 2.35 X 10s 2.23 10s
1 FAC -  BY 4 1.11 0.26 2 1.65 0.94 2 2.26 0.88
2 FAC BY 2 1.73 1.36 1 2.01 — 1 1.52 —

10 ID  (10 mg) 4 1.28 x  105 7.58 X lO 4 3 976.05 953.15 2 448.65 405.15
20 ID  (20 mg) 1 5.95 X 104 — 2 159.26 157.33 2 46.05 7.47
10 ID  +  BY 6 13.15 6.77 2 2.65 0.55 2 6.45 1.73
20 ID  +  BY 2 23.53 15.21 1 1.53 — 1 5.03 —

-  N ot de term ined; a single te s t was perform ed
A bbrevations. M =  m ucin; BY =  b ak er’s y eas t; FAC =  ferric am m onium  c itra te ; 1 FAC =  1 mg ferric am m onium  c itra te ; 2 FAC =  

=  2 mg ferric am m onium  c itra te ; ID  =  iron d e x tra n ; 10 II )  =  10 mg iron d ex tran ; 20 ID  - 20 mg iron dex tran

IN
T

E
R

A
C

T
IO

N
 O

F Y
E

A
ST

 A
N

D
 IR

O
N



2 0 0 JOÖ et  at.

the. m o s t im p o rta n t s ta te m e n t was id en tica l w ith  th a t  for S. typ h i, viz. the 
FA C  +  BY and ID  i~ B Y  com binations w ere s ig n ifican tly  m ore active 
th a n  B Y , FAC or ID  alone.

Vibrio cholerae Ogawa. T he sequence o f th e  V E effect p ro v ed  to  be essen t­
ia lly  sim ilar to  th a t  fo u n d  w ith  th e  o th e r tw o  s tra in s :  (1) 2 FAC +  B Y ; (2) 1 
FA C  +  B Y ; (3) 20 ID  +  B Y ; (4) 10 ID  +  B Y ; (5) 20 ID ; (6) M.; (7) 10 ID ;
(8) 2 FA C ; (9) 1 FA C ; (10) BY. The FAC -f- B Y  an d  ID  -f- BY com binations 
w ere  ag a in  s ig n ifican tly  m ore efficient th a n  B Y , FAC or ID  by  them selves.

R ep ea ted  ex a m in a tio n s  w ith  th e  th re e  te s t  organism s have  u n eq u iv o c­
a lly  a ffirm ed  th a t  co m b in a tio n s  of iron  a n d  y e a s t enhance th e  v iru lence  of 
m icroorgan ism s in  a s ig n ifican tly  g rea te r degree  th a n  e ith e r  iron  or y east 
ap p lie d  sep ara te ly .

Table II

V ir u le n c e -e n h a n c in g  e ffec t o f  d i f f e r e n t  a g en ts  ( P  v a lu e s )

VE agents 6'. typhi Ту2 V. cholerae 
Inaba 569 В

V. cholerae 
Ogawa Nil! 41

By -  1 FAC < 0.01 < 0.01 < 0.01
BY 2 FAC < 0.01 < 0.001 < 0.01
BY 10 ID < 0.001 < 0.001 < 0.001
B Y - 2 0  ID — < 0.001 < 0.001
1 FAC -  2 FAC < 0.01 < 0.001 < 0.01
1 FAC -  10 ID no significant < 0.001 < 0.001

difference
1 FAC -  20 ID — < 0.001 < 0.001
2 FAC 10 ID < 0.001 < 0.01 < 0.001
2 FAC 20 ID — < 0.01 < 0.001
BY -  1 FAC +  BY < 0.001 < 0.001 < 0.001
BY -  2 FAC +  BY < 0.01 — —

BY -  10 ID  +  BY < 0.001 < 0.001 < 0.001
BY -  20 ID  +  BY < 0.1 — —

1 FAC -  1 FA C +  BY < 0.001 < 0.001 < 0.001
2 FAC -  2 FAC +  BY < 0.001 — —

10 ID  -  10 ID  +  BY < 0.001 < 0.001 < 0.001
20 ID  20 ID  +  BY < 0.001 — —

- N o t  de term ined ; a  single tes t was perform ed

E stim ation o f  the toxicity  o f  V E  agents by the mouse weight g a in  test. The 
a v e rag e  resu lts o f re p e a te d  te s ts  are  p re se n te d  in  T able I I I .  T ab le  IV  shows 
th e  significance b e tw een  th e  average w eigh t changes (for days 1-4) in  an im al 
g ro u p s  in ocu la ted  w ith  d ifferen t V E  ag en ts . T he m ean  w eigh t gain  ra te s  
assessed  in th e  g ro u p s tre a te d  w ith  th e  d iffe ren t V E  ag en ts  by  com parison  
to  th e  m ean in itia l w eigh ts gave th e  fo llow ing decreasing sequence o f effect: 
(1) 2 FAC +  BY ; (2) 1 FA C +  B Y ; (3) B Y ; (4) 10 ID  +  BY ; (5) 20 ID  +  BY;
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Table 1П

Arithm etical average weight changes in anim al groups inoculated with different 
virulence-enhancing agents

VK agent
1

Average weight changes (g) on 

2 3

days

4 7

Nil + 1.125 1 1.708 +  2.541 +  3.333 4.250
Isotonic saline 1-0.375 1 1.250 +  2.000 +  2.542 + 3 .3 7 5
5%  M 1.000 +  0.125 i 1.334 +  1.917 : 3.709
5%  BY 2.292 -1 .1 6 7 + 0 .1 6 7 ; 0.917 1 3.367
1 FAC -0.676 ; 0.278 +  0.963 +  1.752 1 3.699
2 FAC 1.417 t  0.132 -1 1.437 +  1.875 1 3.812
II) 11) : 0.333 4  1.500 +  2.000 +  2.708 3.791
20 11) 0.158 +  1.500 4  2.042 +  2.58.3 4.042
1 FAC +  BY 2.667 1.4511 0.167 +  0.833 t - 3.250
2 FAC 1 15V 2.958 -2 .3 7 5 1.208 ().()()() i 2.834
10 II )  + BY 2.042 0.185 F 0.597 +  1.858 , 4.293
20 II) 1 BY 1.875 0.208 1 1.000 -1 1.834 1 4.125

(6) 2 FAC; (7) M; (8) 1 FA C ; (9) 1« ID ; (10) 20 ID . T h e  d a ta  show th a t  (i) 
th e  ag en ts  h av in g  th e  s tro n g e s t У Е effect (2 FA C -f- BY, 1 FAC +  B Y , 
20 ID  -)- BY , 10 ID  -j- BY) w ere th e  m ost to x ic ; (ii) th e  increase o f th e  to x ic ity  
was caused hy  BY.

Tem perature changes induced by V E  agents. In  T ab le  V a rith m e tic  m ean  
v alues of severa l te s ts  are  p re sen ted . T able V I show's th e  significance b e tw een  
th e  av e rag e  te m p e ra tu re  changes in  th e  f irs t h o u r a f te r  inocu la tion  in  th e  
g roups in o cu la ted  w ith  d iffe ren t VK agents. R e ly ing  u p o n  th e ir  te m p e ra tu re -  
decreasing  a b ility  th e  follow ing sequence of th e  V E  ag en ts  could he e s tab lish ed :
(1) 1 FAC +  BY ; (2) 2 FAC +  B Y ; (3) BY; (4) 10 ID  +  B Y ; (5) 20 ID  +  B Y ;

Table IV

Average weight changes on days 1 -4  in animal groups inoculated with different 
virulence-enhancing agents ( P  values)

VE agent Significance V E agent Significance

BY 1 FAC <0.02 BY -  1 FAC +  BY 0.02
BY 2 FAC <0.001 BY 2 FAC +  BY <0.001
BY 10 ID < 0.001 BY 10 ID BY <0.05
BY -  20 ID <0.001 B Y -2 0  II) +  BY <0.001
1 FAC 2 FAC < 0.02 1 FAC 1 FAC 4 BY <0.02
1 FAC 10 ID <0.001 2 FAC 2 FAC +  151 <0.01
1 FAC 20 ID <0.001 10 ID 10 III 151 <0.02
2 FAC 10 ID <0.05 20 11) 20 11) 151 <0.05
2 FAC 20 ID <0.02
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Table V

Temperature changes in anim al groups inoculated with different virulence-enhancing agents

V E agent
Average tem perature changes ( C) at hours

1 2 3 4 5 6 24 27 30 48

Nil. - 0.98 -0 .9 3 -0 .8 6 -0 .8 6 -0 .7 0 -0.76 +0.03 -0 .6 1 -0 .9 1 -0 .4 1
0.108* 0.098 0.059 0.059 0.070 0.043 0.073 0.100 0.163 0.132

Isotonic saline -0.58 0.61 0.54 -0 .6 2 —  0.66 -0 .6 1 -0 .0 6 -0 .6 3 -0 .5 0 -0 .3 4
0.245 0.207 0.169 0.178 0.202 0.274 0.198 0.326 0.300 0.220

5°0 M 3.45 — 2.65 -2 .0 6 -1 .8 2 -1 .1 5 -0 .7 2 -0 .3 5 -1 .0 1 -0 .8 1 -0 .1 2
0.479 0.431 0.399 0.484 0.342 0.324 0.473 0.499 0.388 0.432

1 FAC - 2.04 -1 .1 3 -0 .8 4 -1 .0 2 -0 .8 1 -0 .9 1 -0 .1 2 -0 .7 6 -0.51 -0 .0 5
0.537 0.374 0.204 0.325 0.342 0.301 0.498 0.300 0.322 0.273

2 FAC - 2.74 -2 .4 9 -2 .0 2 -2 .0 1 -1 .7 0 1.64 -0 .9 5 -0 .3 1 -0.44 +0.01 c
0.762 0.832 0.666 0.503 0.447 0.503 0.997 0.526 0.532 0.571 n

10 ID -0 .6 5 -0 .4 3 —  0.65 -0 .6 7 -0 .7 7 -0 .7 1 -0.41 —  0.59 0.50 -0 .3 3 »
0.368 0.305 0.246 0.198 0.247 0.190 0.365 0.289 0.278 0.332

20 II) -0 .7 5 -0 .7 0 -0 .5 7 -0 .7 7 -0 .7 7 -0 .6 5 -0 .42 0.70 -0.55 -0 .1 8
0.384 0.367 0.389 0.282 0.266 0.294 0.373 0.271 0.304 0.364

BY - 4.63 -3 .9 2 -3 .2 3 -3.92 3.45 2.93 +  0.11 0.32 -0 .0 1 - 0.20
0.938 0.976 1.033 1.017 1.147 1.154 0.449 0.426 0.429 0.637

1 FAC +  BY -5 .9 9 -4 .7 1 -3 .3 3 -3.64 — 3.55 — 3.57 —2.19 -1 .4 7 -1 .0 0 —
1.034 0.748 0.483 0.602 0.703 0.686 1.876 1.673 1.135 —

2 FAC +  BY — 5.54 -4 .0 5 3.13 -3 .1 2 3.19 -3 .1 2 -0 .9 3 -1 .3 0 0.90 —

1.221 1.015 0.570 0.595 0.752 0.886 1.474 1.696 1.146 —

10 ID +  BY -3 .2 7 —2.44 1.92 1.34 -0 .9 6 -0.69 0.18 -0 .1 0 -0 .2 5 +  0.02
0.679 0.443 0.500 0.398 0.470 0.346 0.463 0.389 0.642 0.378

20 ID +  BY - 3.93 -2 .8 7 -2 .7 0 — 2.22 —  1.65 1.33 0 +0.15 -0 .1 3 +0.13
0.565 0.424 0.430 0.348 0.352 0.405 0454 0.248 0.451 0.516

s.e. (standard error)

202
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(6) 2 FA C ; (7) M; (8) 1 FA C; (9) 10 ID ; (10) 20 ID . This perm its th e  fo llow ing 
conclusions: (i) u n tre a te d  an d  sa lin e -tre a ted  m ice also show ed a certa in
decrease in  b o d y  te m p e ra tu re , p re su m ab ly  in  response  to  th e  te m p e ra tu re  
m easu rem en t; (ii) those V E ag en ts  w hich p ro v ed  to  be m ost tox ic  in  th e  w eight 
gain te s t  also acco u n ted  for th e  g rea te s t te m p e ra tu re  d rop; (iii) th e  ag en ts  
show ing th e  h ig h est V E effect gave rise to  th e  m ost d is tin c t decrease in  te m p e r­
a tu re ; (iv) for th e  decrease o f th e  te m p e ra tu re , BY was ch iefly  re sponsib le .

On th e  b asis  of th e  re su lts  th e  ra n k  co rre la tio n  coeffic ien t ( R r a n k ) 

betw een  th e  in fluence  o f th e  V E ag en ts  on th e  o rgan ism  of th e  an im als  (w eight- 
an d  tem p era tu re -d ec rea s in g  effect) and  th e ir  V E  effect on th e  te s te d  b a c te r iu m  
s tra in s  w as d e te rm in ed  b y  K e n d a le ’s m e th o d  [12] (see T able V II).

Table VI

Average temperature changes in  the f ir s t  hour after inoculation in anim al groups 
inoculated with different virulence-enhancing agents ( P  values)

V E agent Significance V E agent Significant1«

HV 1 FAC > 0 .0 5 BY 1 FAC +  BY < 0.05
l»Y 2 FAC >0.05 Ii) 2 FAC BY >0.3
BY 10 ID 0.001 BY -  10 ID  +  BY > 0 .6
BY -  20 II) 0.001 BY -  20 ID 1 BY > 0 .8
1 FAC 2 FAC < 0.1 1 FAC -- 1 FAC +  BY < 0.001
1 FAC -  10 ID < 0.02 2 FAC 2 FAC +  BY 0.05
1 FAC 20 ID < 0.1 10 ID 10 II)  i n < 0.001
2 FAC -  10 ID < 0.01 20 ID 20 ID  1 BY < 0.001
2 FAC 20 II) < 0 .0 5

Table VII

R ank correlation coefficient ( R kaNkV between the weight- and temperature-decreasing 
ab ility  o f  different V E  agents and their virulence-enhancing effect

Compared investigations

Weight-decreasing ability - temperature-decreasing ability 
Weight-decreasing ability - VE effect on S . lyph i Ty2 
Temperature-decreasing ability -  VE effect on S. typh i Ту2 
Weight-decreasing ability -  VE effect on V .  cholerae Inaim  
Temperature-decreasing ability -  VE effect on V. cholerae Inaba 
Weight-decreasing ability -  VE effect on V. cholerae Ogawa 
Temperature-decreasing ability — VE effect on V. cholerae Ogawa

O RANK •’ r a n k

0.9151 <0.001
0.7940 <0.01
0.8787 <0.001
0.5757 <0.1
0.5515 <0.1
0.4666 >0.1
0.4909 >0.1

Discussion

T he FA C  -f- BY and  ID  -f- B Y  co m b in a tio n s accoun ted  n o t o n ly  főt­
tbe  h ighest V E , b u t  also for th e  s tro n g e s t to x ic  effect an d  g rea test t e m p e r a t ­
ure d rop . A nalysis  o f th e  re su lts  in d ic a te d  th e  resp o n sib ility  of B Y  fo r th e
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m a rk e d , increased  to x ic  a n d  hypo therm ic  ac tio n  o f  these  agents. T he question  
arose  b y  w hich m echan ism (s) was th is effect p ro d u ced , because th e  s trik in g  
sy n e rg is tic  V E a c tiv ity  o f FA C  BY and  ID  -1- B Y  canno t be ex p la in ed  by  
a s im p le  ad d itiv e  effect.

H y p o th e tica lly  th e  non-specific  to x ic ity  o f  th e  V E agen ts could  acco u n t 
fo r th e ir  s trong  V E effect. T h is would p resu p p o se  th a t  a t leas t p a r t  o f th e  
d e a th s  h a d  been due to  s tro n g  non-specific to x ic  ac tio n . The supposed  co rre la ­
tio n  b e tw een  th e  non -spec ific  and  VE effect c a n n o t, how ever, be  reconciled  
w ith  th e  ex p erim en ta l fa c t t h a t  tre a tm e n t w ith  V E  agents w ith o u t b a c te ria  
(c o n tro l groups) caused  o n ly  1-2 deaths.

A n o th e r fac to r  to  he considered is th e  s tro n g  hypo th erm ic  ac tio n  of 
B Y , FA C  -j- BY a n d  ID  -|- BY. T he in te rre la tio n sh ip  betw een  in fec tio n  an d  
b o d y  te m p e ra tu re  h as  b een  s tu d ied  ex ten siv e ly  in  p a r t  o f th e  cases w ith  iron  
co n sid e red  to  th e  th ird  in te ra c tin g  fac to r (1, 2, 13-21). One of th e  c h a ra c te r ­
is tic s  o f  fever and  in fla m m a tio n  is a rap id  decrease  in th e  co n cen tra tio n  o f iron  
in se ru m  [22]. This h y p o fe rraem ia  is accom plished  by  th e  endogenous m ed ia to r  
re le a se d  from  p o ly m o rp h o n u c lea r leukocy tes, w h ich  appears to  he id en tica l 
w ith  th e  leukocy tic  p y ro g en  [22]. The decrease in  th e  co n cen tra tio n  o f serum  
iro n  help s  to  m ake th e  ex tra c e llu la r  e n v iro n m e n t less favourab le  for b ac te ria l 
g ro w th  an d  th e re  is ev idence  th a t  a co m bina tion  o f  fever and low  iron  c o n c e n tra ­
tio n  in h ib its  th e  g ro w th  o f  som e bac te ria . W h en  ra b b its  w ere in fec ted  w ith  
P asteurella  m ú lto d d á , th e  co n cen tra tio n  o f iro n  in  th e ir  p lasm a decreased  an d  
th e ir  te m p e ra tu re  rose 115]. To determ ine w h e th e r  th e  rise in b o d y  te m p e ra t­
u re  a n d  th e  fall in  p la sm a  iron  m ay he a c o o rd in a te d  host defense response,
P . m ú lto d d á  w ere grow n in  v itro  a t various te m p e ra tu re s  and  iron  c o n c e n tra ­
tio n s . A t afebrile te m p e ra tu re s  th e  b ac te ria  g rew  equally  well a t  low  or h igh 
c o n c e n tra tio n s  o f iro n . W h en , how ever, th e  te m p e ra tu re  was ra ised  to  febrile , 
th e  g ro w th  of b a c te r ia  w as in h ib ited  b y  a low  a n d  n o t a h igh iron  c o n c e n tra ­
tio n  [15]. S im ilarly , in fec tio n  o f th e  lizard  D ip so sa u ru « dorsalis w ith  Aerom onas  
hydroph ila  led to  a decrease  in th e  serum  iro n  co n cen tra tio n  [19, 20, 22]. 
T h e  im p o rtan ce  o f low  e n v iro n m en ta l iron  c o n c e n tra tio n  is re in fo rced  b y  th e  
o b se rv a tio n  th a t  in je c tio n  o f infected  liz a rd s  w ith  ferric am m o n iu m  c itra te  
g re a tly  increased  th e ir  m o rta lity . These d a ta  su p p o rt th e  h y p o th es is  th a t  
one  o f  th e  m echan ism s b eh in d  th e  ad a p tiv e  (or beneficial) role o f fever is th e  
re d u c e d  ab ility  o f p a th o g e n ic  bac te ria  to  g row  w ell a t  e levated  te m p e ra tu re s  
in  a n  iron-poor m ed iu m . F ever-induced  lim ita t io n  of iron  for m icrob ia l g row th  
a n d  to x in  syn thesis  fa v o u r  su rv ival of th e  h o s t. T he in te ra c tio n  o f h o s t and  
iro n  m etabo lism  are  a p p a re n tly  of b en efit to  th e  h ost in v ad ed  b y  b a c te ria .

I t  is w ell-know n t h a t  to  acquire e sse n tia l iron , b ac te ria  p ro d u ce  iro n ­
c h e la tin g  com ponen ts or siderophores, w hich  a re  ex trem ely  e ffic ien t in  re m o v ­
in g  ferric  iron from  th e  en v iro n m en t an d  m ak in g  it  availab le  fo r g ro w th  of 
th e  m icroorgan ism s [23, 24]. These co m p o u n d s h av e  been show n to  enhance
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th e  v iru lence  o f  Escherichia coli [25, 26], Salm onella  [27] an d  P seudom onas  
aeruginosa  [28] in  ex p erim en ta l an im als . E vidence  has been  a c c u m u la tin g  
on th e  te m p e ra tu re  sen s itiv ity  o f s id e ro p h o re  p rodu c tio n  [13]: a t  h igh  te m p e r­
a tu re s , m an y  b a c te ria  such as E . coli, Salm onella  an d  Pseudom onas sp . p ro d u ce  
few  siderophores if  an y  [29-32], a n d  a t  e lev a ted  tem p era tu res , th e se  b a c te r ia  
a re  capab le  to  grow  only  in c u ltu re  m ed ia  co n ta in in g  su p p lem en ta l iron .

In  ad d itio n  to  favouring  b a c te r ia l g ro w th  by  enhancing  s id e ro p h o re  
p ro d u c tio n , h y p o th e rm ia  m ay  h av e  o th e r  ad v erse  effects, too  [18]. I t  ren d ered  
m ice m ore su scep tib le  to  th e  le th a l effects o f G ram -negative b a c te r ia l  en d o ­
to x in s  an d  to  challenge w ith  S. ty p h i-m u r iu m  and  Staphylococcus aureus. 
T here  are  in d ica tio n s  th a t  h y p o th e rm ia  gives rise to  leu k o p en ia , a n d  also 
depresses p hagocy tosis  u n d er ce rta in  co n d itio n s [18].

In th e  ligh t o f th e  above o b se rv a tio n s  th e re  is reason to  p o s tu la te  th a t  
th e  s tro n g  Y E  effect o f FAC -f- B Y  a n d  ID  -f- B Y  correlates w ith  th e  su b s ta n tia l  
h y p o th e rm ia  caused  b y  these  ag en ts , a n d  th e  su bsequen t increased  s id e ro p h o re  
syn thesis . A n increased  s iderophore  p ro d u c tio n  rem ains, how ever, to  he p roven  
for v e r if ic a tio n  o f  th is  h y p o th esis .

T he cause of th e  h y p o th e rm ic  effect o f  BY is unknow n . P ra s h k e r  an d  
W ard law  [33], W ard law  e t al. [34] d e m o n s tra te d  th a t  E . coli e n d o to x in  gave 
rise to  m ark ed  h y p o th e rm ia  in  m ice. P e rh a p s  th e  c a rb o h y d ra te  com plex  
co n ta in ed  in th e  y e a s t cell wall is re sp o n sib le  for th e  h y p o th e rm ic  effect.

M ucin w as used in th e  p re se n t s tu d y  on ly  as a reference p re p a ra tio n , 
an d  was th e re fo re  n o t s tu d ied  for its  m echan ism  of action . I t  deserves m e n ­
tio n  th a t  Pow ell e t al. [35] observed  a considerab le  increase in th e  p a th o g e n ic ­
i ty  p ro m o tin g  effect o f m ucin  on S . ty p h i  a f te r  th e  add ition  of iro n , a n d  we 
observed  a s im ila r effect in  E . coli an d  Shigella  s tra in s  [36].
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E F F E C T  OF pH  ON T H E  A C TIV ITY  O F C E FT IZ O X IM E

J .  V. U ri

Research and Developm ent D iv is io n , Sm ith K line and  French Laboratories, 
P hiladelph ia , Pennsylvania , U S A

(R eceived  O ctober 24, 1983)

T he in v itro  a n tib a c te r ia l a c t iv ity  o f ceftizoxim e (C e fizo x IM) is in fluenced  by  the 
am b ie n t p H  of th e  m edium . I  bis p H -d e p e n d e n t a c tiv ity  was o b se rv ed  w hen e ith e r th e  assay  
discs or th e  assay  m ed iu m  w ere b u ffered . F o r the  co n v en tio n a l disc agar-d iffusion  assay , 
using  Bacillus subtilis  ATCC 6633, th e  m ed ium  buffered  to  pH  6 h a d  d e fin ite  ad v an tag e  for 
m easu ring  p o ten cy  and a c tiv ity . In  serial d ilu tion  assay , th e  acid ic  (p H  6) m edium  gives 
b e tte r  MIC v a lu es w ith Staphylococcus aureus s tra ins . In th e  case  o f Escherichia coli s tra in s , 
the  pl I of th e  m edium  (6 , 7.3 an d  8 ) ap p ea rs  to be of less sign ificance .

M any years  ago we fo u n d  th a t  th e  a c t iv i ty  o f  a new ly syn th esized  
SK & F  oral, p h en y lg ly c in e -ty p e  cephalosporin  was g re a tly  in fluenced  by  tin* 
p l I o f th e  m ed ium . Slight a c id ity  (p H  6) increased  th e  a c tiv ity . C eftizoxim e, 
like th is  com pound , co n ta in s  on ly  a H -a tom  a t  th e  3 -p o sitio n  o f th e  d ihydro- 
th iaz in e  ring . I t  was rea so n ed  th a t  th is  fea tu re  m a y  convey  sim ilar p H - 
sen s itiv ity  to  th e  a c tiv ity  o f  ceftizoxim e. In  th is  co m m u n ica tio n , th e  resu lts  
o b ta in ed  in in  v itro  ex p e rim en ts  w ith  ceftizoxim e [1], th e  new  b ro ad -sp ec tru m , 
b e ta -la c tam a se -s ta b le  th ird  g en e ra tio n  am in o th iazo ly l-m eth o x y im in o  cep h a lo ­
sporin , a t v a rio u s ,,IT va lu es  are  p resen ted .

M ateria ls and m ethods

Sodium  ceftizox im e w hich is w a te r  soluble was supp lied  b y  F u jisaw a  S m ithK line  Cor­
p o ra tio n . I ts  chem ical s tru c tu re  is show n in  Fig. 1. Two ty p es o f assays w ere perform ed, using  
e ith e r th e  disc agar-d iffusion  or the  tw o-fold  serial b ro th  d ilu tio n  m eth o d s. In  the f irs t  case, 
non-huffered  ag ar was seeded w ith  an  a p p ro p ria te  d ilu tion  of sp o res o f B acillus subtilis ЛТСС 
6633. T he su scep tib ility  discs w ere b u ffered  to various pH  v a lu e s  w ith  M ellvaine’s cirtic  acid 
p h o sp h a te  buffer and  s to red  d ry . Im m e d ia te ly  before th e  assay  th e y  w ere sa tu ra te d  w ith  the  
so lu tion  of ceftizoxim e to c o n ta in  1 fig  a n tib io tic  per disc, an d  w ere p laced on the  surface  
of th e  seeded ag ar |2 |. A fter o v e rn ig h t in cu b a tio n  a t 37 °C, th e  in h ib itio n  zones were m easu red  
an d  recorded . T rip lica te  ex p erim e n ts  w ere carried  o u t w ith  fre sh ly  p re p are d  so lu tions using  
4 discs fo r each  pH  value.

F o r th e  tu b e  d ilu tio n  assay , the  pcp tone-g lucose-buffered  (P G B ) m edium  [3] was 
used  buffered  w ith  M ellv a in e ’s c itric  ac id -p h o sp h a te  buffer [4] to  p H  6 , 7.3 and 8 . T he tu b es 
co n ta in ed  3 ml o f th e  m ed ium  and  tw o-fold  con cen tra tio n s o f ceftizo x im e  (in the case o f S. 
aureus s tra in s  SO to 0.8 //g /m l. and in the  case E. coli s tra in s  3.2 to  0.05 //g/inl). T ubes w ere

J o s e p h  V . U ri
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in o c u la te d  w ith  0.05 m l o f th e  10-tim es d ilu tio n s o f ov ern ig h t grow n c u ltu re s  in  th e  sam e 
(P G B ) liq u id  m edium . A fte r o v e rn ig h t in c u b a tio n  a t  37 °C, the  tu rb id i ty  fo r  g row th  was 
o b se rv e d  v isua lly . The assay  w as re p e a te d  several tim es.

C-CO-NH
II
N-OCHj q ;

COONa

Fig. 1. C hem ical s tru c tu re  o f ceftizoxim e

R esults and  discussion

T h e  resu lts  o f a ty p ic a l disc agar-d iffu sio n  assay  are p re se n te d  in  T able I. 
I t  c a n  he seen th a t  th e  d ia m e te rs  o f th e  in h ib itio n  zones a re  s tro n g ly  pH - 
d e p e n d e n t, as it  was o b serv ed  w ith  th e  earlie r SK & F  p h en y lg ly c in e -ty p e  
c o m p o u n d  w hich s im ila rly  to  ceftizox im e co n ta in s only  a H -a to m  a t  th e  3- 
p o s itio n  o f the  cephem  m olecule. O n th is  basis, p H  6 is reco m m en d ed  for assay 
o f  ce ftizo x im e w hen B . sub tilis  ATCC 6633 is used  as th e  in d ic a to r  organism , 
in p a r t ic u la r  for q u a lity  c o n tro l stud ies.

T h e  p H -d ep en d en t a c t iv i ty  o f  ceftizoxim e was also o b se rv ed  w hen the  
se ria l d ilu tio n  assay  w as u sed . T he M IC values for tw o re p re se n ta tiv e  S. aureus 
s t r a in s  are  p resen ted  in  T ab le  I I  a n d  tho se  for tw o  E . coli s tra in s  in  T ab le  I I I .  
T h e  d a ta  of the tab le s  show  th a t  ceftizox im e is h igh ly  a n d  a lm o s t equally  
a c t iv e  ag a in st b o th  th e  b e ta -la c tam a se -p ro d u c in g  and  n o n -p ro d u c in g  S. aureus 
a n d  E . coli s tra in s  in  liq u id  m ed iu m . A gain st th e  S. aureus  s tra in s , th e  M IC’s 
a re  th e  g rea tes t in  th e  m ed iu m  b u ffe red  to  p H  6 an d  th e y  d im in ish  a t  n e u tra lity  
a n d  fu r th e r  on a t  p H  8. In  th e  case o f E . coli s tra in s , th e  in flu en ce  o f p H  on 
th e  M IC  v alues seem s to  be less s ig n ifican t, b u t  th e y  still a re  b e t te r  a t  slightly

Table I

Diameters o f  the inhib ition  zones in  mm with the pH -ed discs saturated with 
ceftizoxime solution

pH of the  disc
Diam eter 

of inhibition 
zones in mm*

5 19
6 18
7 И
8 13
9 1 1

10 12
N on-buffercd 12

* A ssay organism : B . subtilis  ATCC 6633
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Table II

pH -D ependent activity o f  ceftizoxime against tivo S. aureus strains in liquid medium (P G B )

Growth at /<g/ml ceftizoxime

,,H S. aureus 671* S. a ureus 674

C 50 25 12 6 3 1.5 0.8 c 50 25 12 6 3 1.5 0.8

6 .0 + + +  + _ + + + + + ±
7 . 3 +  +  +  + — — — — -  + + -J --F  +  4 - + + + + — — — — — — + + + +
8 .0 +  +  +  + — — — — + +  + + + + + + + + + + — — — — — +  +  4 - +  - H -  +

* B eta-lactam ase producing stra in  
-f- Full grow th 
— No grow th

C =  Control (no drug  added)
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Table III

A ctivity  o f  ceftizoxime against two E . coli strains in liquid medium (P G B ) buffered to three different p H  values

6.0
7.3
8.0

Growth at //g/ml ceftizoxime

E . coli 12140 E .c o li  211*

0.4 0.2

+  +  +  +  -

-  -  + + + +

-  +  +  +  +  + + +

* Strong be ta-lactam ase producer 
—1—I—J— Full grow th 

i\o  grow th
C =  Control (no drug  added)

+
 +
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acidic p H . T hese ex p erim en ts  show  th a t  bu ffering  th e  m edium  influences th e  
MIC values o f  ceftizoxim e, s im ila rly  as it  in fluences its  s ta b ility  in  aqueous 
so lu tions [5]. I t  is recom m ended  th a t  the m ed ium  shou ld  be buffered  to  p H  
6 for p o ten cy  an d  a c tiv ity  d e te rm in a tio n s , like fo r s ta b ility  s tud ies [5]. In  
w eakly acid ic en v iro n m en t ceftizox im e is least ion ized  an d  th e  ex isting  m o lecu ­
la r species has a b e tte r  p e n e tra tio n  in to  th e  b a c te r ia l cell th a n  th e  ionic form s 
[6]. S im ilar phenom enon  w ith  th e  pH  effect w as recen tly  observed  w ith  
kétoconazole [7]. C eftizoxim e has been ap p ro v ed  fo r clinical use in J a p a n  |8 ] 
and  in th e  U SA [9] an d  will be follow ed in o th e r  p a r ts  o f th e  w orld. T herefo re  
it is essen tia l th a t  its  biological d e te rm in a tio n  a n d  q u a lity  con tro l shou ld  
be perfo rm ed  a t  o p tim a l assay  cond itions. In  m a n y  [»laces o f th e  m am m alian  
body , such  as p ro s ta te , v ag in a , sk in  an d  in f la m m a to ry  tissues, the  p H  is acidic. 
I t  explains also th e  clinical fin d in g  th a t  ceftizox im e is highly  effective in  
staphy lococcus in fections in sp ite  o f  its M IC’s (2 -4  p.g/inl) o b ta in ed  in  non- 
b u ff e red  m edia.
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PATHOGENESIS AND IMMUNOPROPHYLAXIS OF 
BOVINE ROTAVIRUS INFECTION*

F .  BÜRKi

Institu te  o f  Virology, Veterinary U niversity , V ienna, Austria

In tro d u c tio n

R o tav iru ses , p resen tly  a genus w ith in  th e  fam ily  Heoviridue being  
recognized on b e h a lf  o f th e ir  specific  m o rp h o lo g y  were firs t d e tec ted  in  calves 
by  M ebus e t al. [1] in 1969. In  th e  m ean tim e , ro tav iru se s  have been d esc rib ed  
in a ro u n d  10 m am m alian  species [2]. M olecular biologists are in v o lv ed  w ith  
delineation  o f com m on versus species-specific  p ro p ertie s  of the v ir io n s . T his 
p ap e r will n o t deal w ith  such asp ec ts . R a th e r  it will p resen t p u b lish ed  re su lts  
of o th e r  au th o rs  as well as own re su lts  on b io logical an d  p a th o g en e tica l p a ra ­
m eters of ro ta v iru s  infections. T h ey  show  rem ark ab le  paralle ls b e tw een  
ro ta v iru s  in fec tions o f d ifferen t species as w ell as betw een  ro ta v iru s  in fec tio n s  
an d  o th e r v ira l in fections of th e  in te s tin a l t r a c t  w hich  cause superfic ia l e n te r itis  
in th e ir  re sp ec tiv e  hosts.

For th e  tim e  being  it  ap p ears  th a t  ro ta v iru s  in fections have th e  p ro fo u n d - 
est clinical im p a c t in  th e  hum an  an d  th e  b o v in e  species [2]. In  b o th  species 
th e ir  im m u n o p ro p h y lac tica l con tro l has b een  considered. As o u r g ro u p  in 
V ienna has w o rk ed  w ith  calves, th e  p re se n t re p o r t  will largely c o n c e n tra te  
on bovine ro ta v iru s  infection . W ith  reg a rd  to  th e  physicians p re se n t in  th is  
au d ito riu m  som e cross-links to  h u m a n  ro ta v iru s  infection  will be p u t  fo r­
w ard .

W e and  o th e rs  have  g rea tly  b e n e fite d  from  th e  fu n d am en ta l s tu d ie s , 
w hich H a e lte rm a n  [3], H ooper a n d  H a e lte rm a n  [4] have  perform ed on  t r a n s ­
m issible g a s tro e n te ritis  (TG E). T h is C oronavirus in fection  of p ig le ts , d e te rm ­
ined  alm ost 40 y ea rs  ago, th a n k s  to  its  g re a t econom ic im pac t a n d  to  th e  
re la tiv e  ease o f ex p e rim en ta tio n  w ith  its m u ltip a r tu r ie n t host, w as in v e s tig ­
a te d  since th e  six ties  for its  p a th o g e n e tic a l a n d  im m u n o p ro p h y lac tica l p a ra -
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V ienna, A ustria

* P resen ted  a t  th e  N in th  Congress o f th e  H u n g a ria n  Society  of M icrobiology, B u d a ­
pest A ugust 23 -25 , 1983.
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m e te rs  [5] as h a rd ly  a n o th e r  v iral e n te ro p a th o g e n  was excep t fo r h u m a n  
p o lio m y e litis .

T h e  tw o m ost im p o r ta n t  observa tions o f  H a e lte rm a n ’s group  w ere: (i) 
T G E  v iru s  does n o t cause  system ic in fec tio n ; in  fac t, it n o t even in fec ts  th e  
e n tire  in te s tin a l w all, h u t  m erely  th e  e p ith e lia l cells a t th e  tips o f  its  villi, 
le a d in g  to  d en u d a tio n  o f villi, (ii) Im m u n o p ro p h y lac tica l ex p erim en ts  m ade 
a lo n g  d iffe ren t ap p ro ach es  te rm in a te d  in  a sing le  effective w ay: in s ti tu tio n  
o f  la c to g e n ic  im m u n ity .

L e t us dwell for a m o m en t on these  im p o r ta n t  p a ram ete rs , w h ich  will 
fo rm  th e  keystones for u n d e rs ta n d in g  ou r ow n ro tav iru s  resu lts  an d  m erit 
d u e  co n sid e ra tio n  o f ev e ry o n e  engaged in sp ec ific  p rophy lax is of p ro b a b ly  all 
ro ta - , co rona-, calici-, a s tro -  and  a d d itio n a l v iru ses .

“ D en u d a tio n  o f v illi”  s tan d s  as sy n o n y m o u s  for the older te rm  “ su p e r­
f ic ia l e n te r i t is ” an d  m erits  preference to  th e  l a t t e r  one, as h is to p a th o lo g y  does 
n o t  d isclose -itis, in f la m m a tio n , in ra p id ly  f a ta l  cases. In  fac t d e a th  ensues 
loss o f  w^ater and  e lec tro ly te s , follow ed by  d e h y d ra tio n  and collapse o f c irc u la ­
tio n . S im ila rly  as T G E  in p ig lets, bovine ro ta v iru s  denudes th e  villi o f th e  
sm all in te s tin e  in th e  gut [6].

“ L actogen ic  im m u n ity ”  rep resen ts a sp ec ific  form  of passive im m u n ity , 
m e d ia te d  b y  m a te rn a l an tib o d ies  w'hich ex c lu s iv e ly  neu tra lize  v iru s  t h a t  is 
free ly  accessib le in  th e  lum en  of th e  g u t.

M a te rn a l a n tib o d y  p re se n t in th e  n e w b o rn ’s serum  (aq u ired  in  u te ro  
a lre a d y  b y  h u m an  b ab ies , w hereas in th e  f i r s t  24 h  after b ir th  b y  th e  calf, 
as лее all know ), is no t in a position  to s u b s ta n tia l ly  a lte r T G E  in fec tio n  of 
th e  p ig le t , no r ro ta v iru s  in fec tion  in th e  c a lf  n o r  o f  th e  hum an  b ab y

A  th ird  fu n d a m e n ta l fin d in g  has on ly  b e e n  docum ented  in  th e  e igh ties : 
th e  im m u n o lo g ica l g u t-m a m m a ry  link , by  w h ich  B -lym phocytes sen sitized  
in th e  a n im a l’s gu t hom e in for the m a m m a ry  g lan d , which gets co lonized  
b y  th e m .

T h e  w ell-docum en ted  synopsis p u b lish ed  in  1982 by B u tle r [7] spares 
m e th e  e ffo rt to  go in to  de ta ils . Let me ju s t  m e n tio n , in flash-like fo rm , som e 
im p o r ta n t  p a ram e te rs  o f  th is  m echanism .

(i) T he g u t—m a m m a ry  link  works in  so d iffe ren t system s as v ira l T G E  
o f sw in e  [3] an d  h u m a n  Vibrio cholerae in fec tio n  [8].

(ii) C ertain  im m unog lobu lin  classes w ith  rem ark ab le  resistance  a g a in s t 
p ro te o ly tic  d igestion  ac c o u n t for th e  p ro te c tiv e  ac tio n  of co lostrum  a n d  m ilk 
in  th e  rec ip ien t. W hereas in  m an th is is acknow ledged  as d im eric Ig A  [8], 
in  p ig le ts  dim eric IgA  an d  p en tam eric  IgM  [9], a t  p resen t th e re  ex is ts  som e 
c o n tro v e rsy , w h e th e r in  th e  calf IgG]^ [10] o r Ig A  [11] m ed ia te  lac to g en ic  
p ro te c tio n . O pen as th is  d e b a te  is p re sen tly  a t  th e  scientific level, th e  fac ts  
m e r i t  fu ll co n sid era tio n , t h a t  bovine co lo stra l a n tiro ta v iru s  im m unog lobu lin s 
po ssess  n eu tra liz in g  c a p a c ity  [12] and  th a t  la rg e  q u an titie s  of th em  p ass  th e
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ca lf’s gu t in u n d ig ested  form  [13]. F o r th e  sake  o f  com plete  coverage o f  the  
m a tte r  le t me a d d , th a t  by for n o t a ll a n tib o d y  invo lved  in lactogenic im m u n ity  
is p roduced  locally  in the  m am m ary  g land . C erta in  a n tib o d y  classes a re  t r a n s ­
ferred  pre- an d  p o s tp a r ta lly  and  se lec tiv e ly  from  blood serum  in to  th e  co lo stra l 
m ilk [7].

(iii) A th i rd  fin d in g  essen tia l for u n d e rs ta n d in g  ou r n egative  v a c c in a ­
tio n  resu lts : ro ta v iru s  antibodies p re se n t in th e  m ilk  com plex w ith  th e  h o m o lo ­
gous v iru s in th e  gut lum en and  g e t ex c re ted  in  com plexed form  [14]. T h is 
process has an  im p o r ta n t  consequence for th e  h o s t: com plexed virus a p p a re n tly  
fails to  s tim u la te  its  im m une sy s te m , as de L ceuw  e t al. [IS] and  we ou rse lves 
|1()| concluded  from  the o b se rv a tio n  th a t  calves w ith  m a te rn a l a n tib o d y  
su p p ly  very  ra re ly  develop titre s  in sp ite  o f ro ta v iru s  shedding.

W hen now  p resen tin g  our fin d in g s  m ade d u rin g  tw o calving seasons in 
our U n iv e rsity  h e rd , one season w ith o u t v acc in a tio n s , i.e. n a tu ra l course  of 
ro ta v iru s  in fec tio n , th e  o ther season  w ith  sy s tem a tic  vacc in a tio n , th e  p ro fo u n d  
influence of th e  p a ram e te rs  d e fin ed  will becom e a p p a re n t.

D eterm ination  o f rotavirus d issem in ation  in u closed dairy herd

T he closed d a iry  herd of V ien n a  V e te rin a ry  U n iversity , d e te rm in ed  
earlier as severe in fec ted  by bovine ro ta v iru s  [17], was sy stem atica lly  screened  
for ro ta v iru s  sh ed d in g  and c lin iea l d ia rrh o ea  d u rin g  one calv ing season . 
E L IS A , th e  m ost sensitive in d ic a to r  o f ro tav iru s-sh ed d in g  [18] w as used.

A to ta l o f 35 ou t of 48 calves ex c re ted  ro ta v iru s . C on tra ry  to  A m erican  
a u th o rs  [1] v iru s  shedding  was n o t  m ost p ro n o u n ced  during  th e  v e ry  f irs t  
days o f  life, b u t  3 7 .5 %  excreters w ere  found  in th e  f irs t  week of life an d  4 7 .9 %  
in th e ir  second w eek of life.

L et me im m ed ia te ly  po in t o u t  th a t  in v a ria b ly  all m o th er cows o f th is  
h e rd  possessed h u m o ra l an tibod ies ag a in s t ro ta v iru s , and  all calves did so in 
th e ir  serum  a f te r  re so rp tio n  of co lo s tru m . L actogen ic  im m u n ity  w as, a c c o rd ­
ingly , no t able to  suppress ro ta v iru s  ta k e s  a n d  rep lica tion  in m an y  calves 
(for id en tica l re su lts  in lite ra tu re  see [19]). I ts  beneficial effect b ecam e ,h o w ­
ever, m an ifest d u rin g  th e  first w eek  o f life, w here co lostrum  was fed  d a ily , 
as com pared  to  th e  m ore freq u en t v ira l incidence in th e  second w eek, w here  
only  m ilk -rep lacer devoid  of a n tib o d y  w as fed. R e ta rd in g  onset o f  in fec tio n  
has a beneficial e ffect on disease as all c a ttle m e n  know , and  in fac t m ere ly  
3 calves died o u t o f  43 diarrhoeic an im a ls .

D iarrhoea  w as observed fre q u e n tly  up  to  th e  5 th  week o f life, its  sev e res t 
w a te ry  form  b e ing  lim ited  to  the f i r s t  3 weeks. T h e  h ighest incidence an d  m o st 
f req u en t w a te ry  d ia rrh o ea  was re c o rd e d  in th e  second w eek, w here ro ta v iru s  
sh edd ing  was a t  its  peak .
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As o th e r a u th o rs  (c ited  by  Schusser e t a l. [19]), we could, how ever, n o t 
f in d  a sy stem atic  c o rre la tio n  betw een  ro ta v iru s  shedding  an d  d ia rrh o ea . 
F u r th e rm o re , ro ta v iru s  ex c re te rs  w ith  n o rm a l faeces were found  n o t in fre ­
q u e n tly , and , especia lly  fro m  th e  3rd to  5 th  w eek, d iarrhoeic  calves w ith  
n e g a tiv e  E L IS A  for ro ta v iru s  were a f re q u e n t find ing .

Peroral c a lf  v acc in a tion  under con tro lled  field con d itions

As th e  sam e U n iv e rs ity  ca ttle  herd  w as in  ad d itio n  proved  to  be in fec ted  
b y  b o v in e  C oronavirus, a n d  as an a t te n u a te d  ro ta -co rona-live-v iru s vaccine 
fo r o ra l ap p lica tio n  w as av a ilab le  on th e  m a rk e t  (k ind ly  supp lied  b y  D r. E d . 
H ass, N orden  L abs, L inco ln , N ebraska , U SA ), we deem ed it desirab le  to  
in v e s tig a te  it for its  p o te n tia l  p ro p h y lac tic  effect.

As we have d iscussed  elsew here [16], th is  p a rtic u la r  vaccine has found  
a n  am b ig u o u s a p p re c ia tio n  by  th e  in te rn a tio n a l com m unity  o f sc ien tists . 
B rie f ly , favourab le  re su lts  were re p o rte d  u n d e r exp erim en ta l cond itions, 
w h e reas  failures u n d e r fie ld  conditions. De L eeuw  e t al. [15] ascribed  its  fa ilu re  
as m o s t ev id en tly  cau sed  b y  n e u tra liz a tio n  o f  vaccine v irus ta k in g  p lace in 
th e  re c ip ie n t’s g u t b y  m a te rn a l an tibod ies. T h is  is very  likely  th e  case, as our 
E L IS A  te s tin g  show ed th a t  each dose o f vacc in e  con ta ins only  l i t t le  ro ta v i­
ru s  [16]. A ston ish ing ly  enough , th e  m a n u fa c tu re r  o f th is  vaccine d isregards th e  
n e e d  to  c ircu m v en t th e  d e tr im e n ta l effect o f  lac togen ic  im m u n ity  b y  p resc rib ­
in g  i ts  pero ra l ap p lica tio n  w ith in  the f irs t  24 h a fte r  a calf is b o rn .

W e, how ever, did o u r b est to  c ircu m v en t th e  expected  d e tr im e n ta l effect 
o f  lac to g en ic  im m u n ity . Logical to  ev ery o n e  fam ilia r w ith  ca lf rea rin g  th a t  
n o  d ie t  m ay  bypass co lo s tru m  supp ly  w ith in  th e  f irs t 24 h o f a c a l l’s life, 
u n le ss  th e  h erd sm an  ta k e s  th e  enorm ous risk  o f loosing m an y  calves from  
E scherichia  coli sep ticaem ia .

W e figured  o u t tw o  d ifferen t ap p ro ach es  th a t  m igh t enab le  ro ta v iru s  
v a c c in e  tak es  (and  c o ro n av iru s  vaccine ta k e s , s till un d er analysis in  th e  a u th o r ’s 
la b o ra to ry ) , by  a p p ly in g  tw o  d ifferen t s tr ic t  tim e  regim es to  65 calves b o rn  
d u r in g  one calv ing  season , (i) T h irty -one  ca lves o f group A, consecu tive ly  b o rn , 
w ere  p ero ra lly  v a c c in a ted , d ay  or n ig h t, d u rin g  th e ir  f irs t 6 h p ost n a tu m , an d  
o n ly  6 h la te r  w as c o lo s tru m  feeding b eg u n . T he hope w as, th a t  m eanw hile  
v a c c in e  v irus h ad  p e n e tra te d  in to  g u t e p ith e lia l cells, w here i t  w ould  be 
p ro te c te d , a t  leas t p a r tia lly , against n e u tra liz a tio n  b y  m a te rn a l an tib o d ies , 
a r r iv in g  la te r  v ia  g u t lu m en , (ii) T w en ty -fo u r o th e r calves of g roup  D were 
re g u la r ly  supplied  w ith  co lostrum  d u rin g  48 h , th e re a fte r  fed exclusively  a 
g lu cose-e lec tro ly te  so lu tio n , followed b y  p e ro ra l v acc in a tio n  th e  th ird  evening . 
F ro m  th e  4 th  d ay  o n w ard s  regu lar co lo s tru m  feeding was resum ed , co lostrum  
w h ich  now  is know n  to  co n ta in  few m a te rn a l an tibod ies on ly  [12].
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Two groups each  of 5 calves w ere le f t as u n v acc in a ted  con tro ls . S u b ­
groups of A -calves w ere la te r  re v a c c in a te d , p a r t ly  pero ra lly , p a r tly  b y  in t r a ­
m u scu la r ro u te . A p ero ra l challenge w as f in a lly  m ade in  selected calves w ith  
v iru le n t bovine ro ta v iru s . All th ese  e x p e rim e n ts  w ere carefully  e v a lu a te d  b y  
E L IS A  for ro ta v iru s  excre tion , by  a n tib o d y  d e te rm in a tio n s  w ith  CF in m o th e rs ’ 
an d  ca lves’ sera, an d  b y  clinically  reco rd in g  d ia rrh o ea  during  21 days.

A n overview  o f resu lts  o b ta in e d  a f te r  1st d a y  vaccinations co n firm ed  
th a t  in v a ria b ly  all m o th e r cows h a d  C F an tib o d ie s , m ostly  of m ed ium  t i tr e s  
in  th e ir  sera. So h a d  th e ir  calves, o f  re m a rk a b ly  sim ilar titre s . I r re sp e c tiv e  
o f  vaccine ta k e s  or d iarrhoea  observ ed , th e se  passively  tran sfe rred  t i t r e s  
d id  n o t change s ig n ifican tly  w ith in  5 w eeks a f te r  b ir th .

O nly h a lf  o f th e  v acc in a ted  calves e x c re te d  ro ta v iru s , w hich, w ith o u t 
a know n m ark e r av a ilab le , could re p re se n t v acc in a l or field  v irus. C lin ically , 
d ia rrh o ea  was o b serv ed  in 23/31 v accinées w ith in  21 days a fte r  b ir th , th e re b y  
a p p ro x im a tin g  its  occurrence  in th e  co n tro ls  as well as in th e  u n v a c c in a te d  
calves o f  th e  p rev ious year.

T he calves v a cc in a ted  on th e ir  3rd d a y  o f  life show ed higher CF t i t r e s  
th a n  th e  A -calves, p a r t ly  on accoun t o f an  a p p a re n t  an tigen ic  s tim u la tio n  b y  
re in fec tion  of th e ir  m o th e rs  (re infections b e ing  d o cu m en ted  in  l i te ra tu re  117]), 
p a r tly  b y  m ore co lo stru m  m eals fed  d u rin g  th e ir  f ir s t  24 h of life. T h is r ic h e r  
passive  a n tib o d y  su p p ly  h ad  the  fo llow ing consequences: R o tav iru s  ex c re tio n  
fo llow ing p ero ra l v acc in a tio n  was even  ra re r  in  th e se  vaccinées, being lim ite d  
to  m erely  3/15 calves te s ted . C linical d ia rrh o ea  a ffec ted  only 50%  o f  th is  
g roup , w hereas 7 4%  o f group A.

W hen  su m m ariz in g  ou r resu lts  re p o rte d  as y e t, no beneficial effect o f  o u r 
specific  m easures to  fo s te r ro ta v iru s  ta k e s  in  vaccinées could he d e m o n s tra te d . 
W ith h o ld in g  co lo stru m  by  e ither reg im e h a d  n o t su liiced  to  allow re g u la r  
tak es  o f ro ta v iru s  in  th e ir  gu t. In c id en ce  o f d ia rrh o ea  becam e red u ced  b y  
b e tte r  lactogen ic  im m u n ity  h u t n o t on a cco u n t o f  ac tiv e  im m u n ity .

H ope for ben efic ia l econom ic effects h a d  fo rm ed  one aspect o f  o u r  
ex p e rim en ta tio n  w ith  th is  ro ta -co ro n av iru s  m a rk e t vaccine. Failing  to  ach iev e  
th is , we w ere in te re s te d  to  lea rn , a t  w hich  level success of vaccination  b ecam e  
an n ih ila ted . In  acco rdance  w ith  D u tch  w orkers [15] we h ad  found th a t  d e te rm ­
in a tio n  o f serum  an tib o d ies  allow ed no conclusions regard ing  e v a lu a tio n  o f 
v acc in a tio n  success or fa ilu re . E ffo rts  fo r d e te rm in a tio n  of сорго-IgA  seem ed  
fru itless , since o u r B ernese colleagues h a d  n o t  m a s te re d  th e  techn ica l d if f ic u lt­
ies of th is  p ro ced u re  [13]. W e th e re fo re  re so rte d  to  an  ind irec t an d  a d ire c t 
in v es tig a tio n  to  an sw er th e  question , w h e th e r p e ro ra l v acc ina tion  h ad  in fe rre d  
im m u n o p ro tec tio n  th a t  h ad  rem ained  u n re v e a le d  b y  the  te s ts  described ab o v e .

O ur in d irec t ap p ro ach  consisted  in  p e rfo rm in g  revaccinations, a im ed  a t  
disclosing a possible p rim ing  effect o f  p rim o v a c c in a tio n  b y  soliciting a b o o s te r  
effect. T his p h enom enon  h ad  been o b se rv ed  b y  S vennerholm  e t al. [8] in
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P a k is ta n i  w om en, a lth o u g h  w ith V. cholerae, tln is  a b ac te ria l sy s tem . N on- 
in v a s iv e  as th is  h u m a n  in te s tin a l in fec tio n  ru n s , i t  nevertheless p rim es th e  
im m u n e -sy s te m  of its  h o s ts . In  consequence , p a re n te ra l v acc in a tio n  resu lts  
in  s ig n if ic a n t a n tib o d y  b o o ste rs, w hich b eco m e m anifest in se rum , m ilk  an d  
sa liv a . E v id e n tly  th e n , th e  g u t-m am m ary  lin k  is opera tive  for V. choleae 
im m u n ity .

N o such p rim ing  b ecam e, how ever, e v id e n t by  rev acc in atin g  o u r calves 
w ith  th e  m ark e t vaccine . W e w ould ra th e r  h a v e  an tic ip a ted  th is  w hen  re v a c c i­
n a t in g  pero ra lly , as ca lves in  th e  m e a n tim e  h ad  developed age resis ten ce . 
I n tra m u s c u la r  re v a c c in a tio n , how ever, sh o u ld  have resu lted  in  s ig n ifican t 
b o o s te r in g , if  p rim in g  h a d  resu lted  from  p rim o v acc in a tio n . I t  d id  n o t.

W e know  a u th o rs , w ho consider t i t r e  d ifferences of 1.7 or 2.2 g eom etrica l 
d ilu tio n s  as o b ta in ed  in  th e se  calves as s ig n if ic a n t, as for e ith e r v a lu e  th e re  
w as p  <7 0.01. B u t an y o n e  envolved  w ith  se ro ev a lu a tio n  of vaccines know s 
t h a t  fo r m easuring  b o o s te r  effects th is  is s ta tis t ic a l  cheating , as long  as a t 
le a s t  4-fo ld  increases o f t i t r e s  are n o t ach iev ed .

O ur last an d  d irec t ev a lu a tio n  o f  p e ro ra l ro tav iru s  v ac c in a tio n  was 
p e rfo rm e d  b y  su b je c tin g  calves to  v iru le n t pero ra l ro tav iru s  challenge. B y 
n e c e ss ity , v acc in a ted  calves as well as u n v a c c in a te d  contro ls w ere exposed 
in  a single ex p erim en t. T h ereb y  several o f  th e se  anim als h ad  a t ta in e d  ages, 
w h e re  th e y  a lread y  d isp lay ed  age resis ten ce . T hose vaccinées th a t  w ere ch a ll­
e n g e d  a t  suscep tib le  age nevertheless p ro v e d  to  he u n p ro tec ted  b y  ex p erien c ­
in g  ta k e s  o f v iru le n t ro ta v iru s , ce rtified  b y  positive  fecal E L IS A .

D iscussion

O ur ex p erim en ts  h av e  show n, t h a t  even  w hen d e ta in in g  m a te rn a l 
c o lo s tru m  for c ritica l perio d s of tim e , a t te n u a te d  live-virus ro ta v iru s  m a rk e t 
v a c c in e  was unab le  to  m ed ia te  p ro te c tio n  in  pero ra lly  v a c c in a ted  calves. 
T h e  responsib le  p a th o g en e tica l an d  im m uno log ica l p a ra m e te rs  a c c o u n t­
ing  fo r th is fa ilu re  h a v e  been e lu c id a ted  in th e  in tro d u c tio n . S u b s ta n tia te d  
b y  o u r  own resu lts  an d  in sigh ts, I  shall re su m e  our p resen t u n d e rs ta n d in g  
o f  e v e n ts  as follow s:

B o v in e  rotavirus pathogenesis

I . In  the c a lf w ithout colostra1 antibody su p p ly

(a) P rim a ry  in fec tio n  becom es e s ta b lish e d  in  villus ep ith e lia , cy to ly tic - 
a lly  d estro y s th ese  cells a n d  gets ex c re ted  in  la rge  am o u n ts  in  faecal m a tte r . 
L i t t le  v iru s gains access to  th e  lam ina  p ro p r ia  m ucosae, w here B -ly m p h o cy tes

A cta  Microbiologica Hungarica 31, 1984



BOVINE ROTAVIRUS IN FECTIO N 2 1 9

m a tu re  to  p lasm acells. W h e th e r T -ly m p h o cy tes  becom e involved  in  defence 
has rem ain ed  undisclosed y e t. Such  calves h av e  n e ith e r  p ro tec tio n  a g a in s t 
in fec tion  n o r  aga in st disease.

(b) R e in fec tion  m ay occur in  th e  sam e an im als  as several a u th o rs  h av e  
described  (see Schusser e t al. [19]). A ccord ing ly , th e  new villus e p ith e lia  
covering  fo rm erly  d en u d a ted  areas are  again  su scep tib le  to  ro ta v iru s  in fec ­
tion . P lasm acells  in th e  lam in a  p ro p ria , secre tin g  specific an tib o d y , h o w ev er, 
m o d u la te  th e  course of th is  re in fec tio n , to  such  e x te n t only , th a t  p ro te c tio n  
against in fec tio n  does n o t re su lt. T he c o n c o m itta n t p ro tec tio n  ag a in st d isease 
is m ore a sequel o f age resis tan ce  th a n  o f im m u n ity .

I I .  In  the ca lf w ith lactogenic im m u n ity

(c) M aterna l an tibod ies p lus e x tran eo u s  ro ta v iru s  reach th e  c a lf ’s 
g u t. M uch o f th is  a n tib o d y  gets reso rb ed  to  th e  b lood  s tream , m uch o f it passes 
th e  g u t in  u n d ig ested  form . T here  i t  gets com plexed  w ith  hom ologous v iru s  
[14]. T he re su ltin g  n eu tra liz in g  effect m ed ia tes  p ro te c tio n  aga in st in fec tio n  
as well as ag a in s t disease as long as high co lostra l level persist. L a te r , w hen  
th e  level o f  m a te rn a l an tibod ies has d ro p p ed , th e y  no m ore m ed ia te  p ro te c tio n  
ag a in st in fec tio n , b u t m erely  a g a in s t disease.

(d) L a te r  in  life, w hen daily  su p p ly  o f m a te rn a l an tibod ies has ceased , 
physio log ical low -level tra n su d a tio n  of fo rm erly  reso rbcd  serum  a n tib o d y  
does n o t su ffice  to  p ro te c t ag a in st in fec tion  nor ag a in st disease on im m u n o lo g ­
ical base. S till la te r  p ro tec tio n  a g a in s t disease re su lts  on acco u n t o f age re s is t­
ance.

Bovine oral rotavirus vaccination

I I I .  I n  calves reared colostrum-free experim entally

A tte n u a te d  ro ta v iru s  vaccine leads to  ta k e s  in th e  sm all in te s tin e , 
w hich m ed ia te  p ro tec tio n  from  in fec tion  as well as disease s ta r tin g  b e tw een  
5 to  7 days p o stv acc in a tio n  [20, 21].

IV . I n  calves with normal colostrum su p p ly

T his m eans alm ost a u to m a tic a lly  p ro v ision  o f lactogenic im m u n ity , 
owing to  th e  ex trem e  frequency  o f  se ropositive  cows. Such calves a re  p a s ­
sively p ro te c te d  ag a in st in fec tion  as well as disease d u rin g  th e ir  f irs t d ay s 
of life. As v iru s -a n tib o d y  com plexes are  fo rm ed  an d  excre ted , im m u n iza tio n  
fails to  develop . C onsequently , such calves lack  p ro te c tio n  against in fec tio n  
an d  disease sh o rtly  a fte rw ard s. T h ere  follows an  u n p ro tec ted  phase, o n ly  t e r ­
m in a ted  hy  dev e lo p m en t o f age resis tan ce .
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G eneral conclusions

A ctiv e  im m u n ity  fa iled  to  develop a f te r  p e ro ra l v acc ina tion  w ith  a t te n u ­
a te d  ro ta v iru s  in calves k e p t u n d er fie ld  co n d itions. L actogenic  im m u n ity  
a c c o u n ts  for th is  fa ilu re , ev id e n tly  because in g es ted  ro ta v iru s  form s com plexes 
w ith  m a te rn a l an tib o d ies  a n d  becom es e x c re te d  in  th e  faeces, w hereby  an tigen ic  
s tim u la tio n  of th e  c a lf ’s im m u n e  system  is p rev en ted .

A s in  large and  m ed ium -sized  c a ttle  h e rd s  p rac tica lly  every  cow possesses 
r o ta v i ru s  an tibod ies a n d  excre tes these in  h e r  co lostrum , p e ro ra l live-v irus 
v a c c in a tio n  of calves as recom m ended  b y  th e  m a n u fac tu re r  of th is  m a rk e t 
v a c c in e , is logically  su b je c t to  fa ilu re . C o lostrum  w ith  its b ro ad  sp ec tru m  
o f  p ro te c tiv e  an tib o d ies  m u s t be given w ith in  th e  firs t 24 h o f a ca lf’s life. 
O u r s incere  efforts m ad e  to  p re v e n t ro ta v iru s  n e u tra liza tio n  in  th e  vacc in ées’ 
g u t  b y  te m p o ra ry  w ith h o ld in g  of co lo s tru m  failed.

O u r resu lts have  co n firm ed  o th e r a u th o r s ’ find ings, th a t  m a te rn a l co lo str­
u m  an tib o d ie s  a t t i t r e s  as en coun tered  n a tu ra l ly  do n o t suffice to  p re v e n t 
r o ta v i ru s  in fections o f  ca lves, b u t m erely  r e ta rd  th em  an d  re n d e r th e m  less 
se v e re  [12, 15]. I t  w ou ld  ap p ear th e n , t h a t  p rom oting  e lev a ted  m a te rn a l 
a n t ib o d y  supp ly  over e x te n d e d  periods o f  t im e  w ould have b e tte r  chances 
th a n  ac tiv e  im m u n iza tio n  to  co u n te rac t ro ta v iru s  infections. As d im eric  IgA , 
p re su m a b ly  th e  m ost ben efic ia l a n tib o d y  class has m erely a half-life  o f  24 h 
12 2 ], d a ily  supp ly  o f h ig h -tit ered co lo s tru m  w ould seem m ost su ita b le  to  
m e d ia te  such p ro p h y la c tic  effect. Such p assiv e  p ro phy lax is m ay  be ach ieved  
b y  e ith e r  adding  da ily  f irs t-d a y  co lo s tru m  d u rin g  th e  m ost su scep tib le  f irs t 
tw o  w eeks of life [23, 24] or by  ac tiv e ly  v ac c in a tin g  p re g n a n t cow s, w hich 
p ro lo n g s  th e ir  physio log ica l excre tion  p e rio d  o f  p ro tec tiv e  a n tib o d y  [25, 26].

Chances for ac tiv e  p e ro ra l v acc in a tio n  o f  calves w ith  a t te n u a te d  corona- 
v iru s  m ig h t seem b e tte r ,  as th is  v iru s is less freq u en tly  en co u n te red  in  herds 
th a n  ro ta v iru s . O ur p re lim in a ry  e x a m in a tio n  has, how ever, d isclosed, th a t  in 
o u r  U n iv e rs ity  herd  ev e ry  cow possesses an tib o d ies  ag a in st bov ine  corona- 
v iru s  also. A ccord ingly , p ro p h y lac tic  p re v e n tio n  w ould ap p ea r also m ore 
su ccessfu l along ex te n d e d  su p p ly  of m a te rn a l an tibod ies th a n  b y  ac tiv e  pero ra l 
v a c c in a tio n .

S im ilarly , i t  w ou ld  ap p ea r th a t  th o se  h u m an  v iru s in fec tions w hich 
re m a in  re s tric ted  to  v illus ep ithe lia l cells, cou ld  be m ore p rom ising ly  p re v e n te d  
o r m itig a te d  by  p assive  ra th e r  th a n  a c tiv e  im m u n o p ro tec tio n . C hanock e t 
al. [27] have d iscussed  p ro sp ec ts  and p ro b lem s regard ing  im m u n o p ro p h y lax is  
o f  in fa n ts  against h u m a n  ro tav iru ses . A c tiv e  im m uniza tion  faces, o f course, 
th e  sam e obstacles as we enco u n tered , co m p lica ted  fu r th e r  b y  th e  ex istence  
o f  sev era l hum an  ro ta v iru s  ty p es (2]. O n th e  o th e r h an d , bov ine  m ilk  im m u ­
n o g lo b u lin s  have  p ro v ed  usab le  on in d u s tr ia l  level to  passively  p ro te c t h u m an  
b a b ie s  against en te ro p a th o g en ic  E . coli [28]. Such an  ap p ro ach  shou ld  also be
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ex ten d ab le  to  p ro p h y lax is  a g a in s t h u m an  en te ro p a th o g en ic  v iru ses . U n d e r 
th e  aspects  o f co m p ara tiv e  p a th o g en esis  th is  w ould  ap p ea r to  p rom ise  b e t te r  
re su lts  an d  c e rta in ly  be less r isk y  th a n  ora l ro ta v iru s  v acc in a tio n  o f  h u m a n  
v o lu n tee rs , a b o u t w hich te n ta t iv e  re su lts  h av e  re c e n tly  been p u b lish ed  [29].
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DETECTION OF RUBELLA-SPECIFIC IgM ANTIBODIES 
BY A COMBINED APPLICATION OF SOLID-PHASE- 
IMMUNOSORBENT- AND HAEMAGGLUTINATION- 

INHIBITION-TECHNIQUE*

D . Sa n d o w , U. A r n o l d  and B. P u s t o w o it

Institu te o f  M edienI Microbiology a n d  Epidem iology o f  the M artin -L u ther-U niversity ,
Halle a n d  Institu te  o f  M edical M icrobiology and E pidem iology o f  the K ori- M a rx ­

id n iver s ity  ̂ Leipzig , G D I{

In tro d u c tio n

The d e te rm in a tio n  of ru b e lla -sp ec ific  IgM  an tib o d ies  is a useful m e th o d  
iu the  d iagnosis o f  acu te  ru b e lla  in fec tio n . T he d e te c tio n  of IgM ru b e lla  a n ti-  
bodies can be  ca rr ied  out by a ra n g e  o f v a rio u s m e th o d s [1]. Some p ro ced u re s  
requ ire  an  ex p en siv e  technical e q u ip m e n t or show  resu lts  falsified b y  in te r ­
ference of rh e u m a to id  factors a n d  IgM  re a c tin g  co m p etitiv e ly  for IgM .

Now K rec li an d  W ilhelm  [2] p u b lish ed  a te s t w hich can be p e rfo rm ed  
w ith o u t so p h is tic a te d  techn ica l to o ls  an ti does n o t show  in te rfe rence  b y  rh e u ­
m ato id  fac to rs  a n d  com petition  o f  IgG . T he p rin c ip le  o f this te s t  is b a se d  on 
a so lid-phase “ c a p tu re ’ a n tib o d y  te c h n iq u e  in c o m b in a tio n  w ith  th e  h aem ag g - 
lu tin a tio n  in h ib itio n  reaction  (S I’IT ).

The a im  o f  o u r in v es tig a tio n  was th e  a d a p ta t io n  o f th is  m e th o d  to  o u r 
ow n la b o ra to ry  conditions using  p igeon  e ry th ro c y te s  and  D ex trose—G ela tin  
V eronal b u ffe r (DGV) in stead  o f  sheep e ry th ro c y te s  and  H E P E S  b u ffe r  
described b y  K rec li and  W ilhelm  [2].

A da Microbiologica Hungarian 31 (3) ,pp .  223 —225 (1984)

M el hods

M odifica tions o f the  SP IT  w ere as follow s. In  a f ir s t  s tep , po ly sty ren e  m ic ro titre  p la te s  
w ere coated  w ith  100 p i chainspecific a n ti-h u m a n  IgM  (B eh rin g w erk e , FG R , d ilu tion  1 : 1600). 
T he p la tes w ere le f t o v ern igh t a t room  te m p e ra tu re . T h en  0 .1%  fe ta l calf serum  w as ad d ed  
to th e  wells an d  th e  p la te s  were left to  s ta n d  a t  room  te m p e ra tu re  for 1 h. By th is  p ro c ed u re  
p a r ts  o f well su rfaces possibly no t c o a ted  b y  a n ti-h u m an  IgM should  he blocked. A fte r  sh a k -
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In s titu t für Medizinische Mikrobiologie und Epidemiologie,
Mart in-L uther-U niversität, H alle-W ittenberg 
Leninallee 6, 4020 H alle (Saale), DDK

U. A r n o l d , B. P u st o w o it
In s titu t für Medizinische Mikrobiologie und Epidemiologie, K arl-M arx-U niversität 
Leipzig, DDR

* P re se n ted  a t th e  N in th  Congress o f  the  H u n g a rian  Socie ty  o f M icrobiology, B u d a p es t, 
A u g u st 23 25, 1983.
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in g  d ry ,  100 /Л portio n s o f p a tie n t  serum  d ilu ted  in  DG V  w ere added. H e te ro a g g lu tin in s  and 
u n sp e c if ic  ru b e lla  in h ib ito rs  were rem oved by  t r e a tm e n t  o f th e  serum  w ith  p igeon  e ry th ro ­
c y te s  a n d  h ep arin -m an g an eo u s  chloride as p rev io u s ly  d escribed  [3]. T h en  th e  p la te s  were 
le ft a t  4 °C fo r 18 h an d  th o ro u g h ly  w ashed th rice .

In  th e  follow ing s tep  25 /Л rubella  h a e m ag g lu tin in  (SEYAC, C zechoslovakia) c o n ta in ­
in g  2 h a e m a g g lu tin a tin g  u n its  w ere given to  th e  w ells. A fte r  a reac tion  tim e  of 4 h  a t  4 °C, 
25 /Л p ig eo n  e ry th ro c y te s  (0 .2 5 %  suspension in  D G V ) w ere added. B efore re ad in g  th e  te s t, 
th e  m ix tu re  was in cu b a ted  a b o u t 2 h a t  4 °C.

R esu lts

A series of 30 sera  ta k e n  from  p a tie n ts  w ith  a recent ru b e lla  in fection  
w as c o m p a ra tiv e ly  te s te d  b y  S P IT  a n d  h aem ag g lu tin a tio n  in h ib itio n  te s t  
(H IT ) w ith  th e  IgM  fra c tio n  sep ara ted  l>y gel f i l tra tio n  as p rev iously  described
[3]. T h e  resu lts  show  a h ig h er sen s itiv ity  o f  th e  S P IT  giving in all in v es tig a ted  
se ra  Ig M -titre s  in a ran g e  of 1 :10-1 :640 . T h e  IgM  frac tions had on ly  H I 
t i t r e s  from  1:4—1:16, som etim es of 1:64.

F u rth e rm o re , th e  specific ity  and  s e n s itiv ity  o f S P IT  could he con firm ed  
b y  th e  serological re su lts  o f 116 p a tie n ts  w ith  a c u te  rubella  in fec tion  d iagnosed  
c lin ica lly  and  b y  a n tib o d y  rising  of H IT . In  all cases rube lla -spec ific  IgM  
a n tib o d ie s  were d e m o n s tra te d . A d d itio n a lly , we in v estig a ted  25 sera  c o n ta in ­
in g  rh e u m a to id  fac to rs  and  rubella  H I  a n tib o d ie s . These sera o rig in a tin g  from  
p e rso n s  w ith o u t k n o w n  recen t rubella  ex p o su re  or acu te  in fec tion  w ere n e g a t­
ive  b y  S P IT .

In  view  of th e se  ex ac t resu lts  we ap p lied  S P IT  in our ro u tin e  la b o ra to ry  
w o rk . A lto g e th e r, 421 p re g n a n ts  w ith  k n o w n  ru b e lla  exposure or w ith  a sus­
p e c te d  recen t in fec tio n  th a t  could n o t be e x a c tly  excluded by  H IT  w ere 
in v e s tig a te d  b y  S P IT . O f th em . 88 (20 .7% ) show ed a positive S P IT .

D iscussion

T he m odified  S P IT  was ch a rac te rized  b y  an  ad eq u a te  se n s itiv ity  and  
sp ec ific ity .

F ro m  th e  th e o re tic a l s ta n d p o in t fa lse  p o sitiv e  reactions b y  rh e u m a to id  
fa c to rs  an d  co m p e titio n  o f  IgG  can he ex c lu d ed . H ow ever, acco rd ing  to  our 
o p in io n , a few possib ilities of false S P IT  shou ld  he d iscussed. F irs tly , //- 
ch a inspec ific  a n ti-h u m a n  IgM  of in su ffic ien t specifity  cal also re a c t w ith  
h u m a n  IgG . Secondly , a cross-reaction  o f  Ig G  ru b e lla  an tibod ies could  occur, 
i f  th e  well surfaces o f  m icrop la tes are  n o t  fu lly  coated  b y  a n ti-h u m a n  IgM  
a n d  Ig G  m olecules are  adso rbed  to  u n c o a te d  areas. C onsequently , th e  re su lts  
o f  S P IT  should  n o t on ly  be in te rp re te d  a lone  b u t  also in con n ec tio n  w ith  th e  
p a t ie n ts ’ h is to ry  and  serological f in d in g s w ith  H IT .
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OPENING ADDRESS

L. VÁczi

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

At th e  opening  o f  our Congress, th e  im p o rta n c e  o f w hich is em phasized  
by  th e  p a r tic ip a tio n  o f our h igh ly  esteem ed  fo re ign  guests, it  is ju s tif ied  to  
ta k e  in to  acco u n t th e  m ost im p o rta n t re su lts  an d  fu tu re  p rosp ec ts  o f  our 
special scien tific  fie ld .

T here is no d o u b t th a t  th e  one h u n d re d  y e a rs ’ deve lopm en t o f m icro ­
b io logy  has b ro u g h t decisive resu lts  in th e  know ledge of m icroorgan ism s 
pa th o g en ic  to  m an , an im als  and  p lan ts , in  decreasing  th e ir  n u m b er, in  th e  
p rev en tio n  an d  cu rin g  o f in fectious diseases in d u ced  b y  th em . I w ish to  m en ­
tio n  here , as th e  m o st conv incing  exam ple  in  th is  field , th e  e rad ica tio n  o f 
sm allpox  or th e  co n tro l o f m ost o f  th e  h u m a n  a n d  an im al epidem ic diseases 
th a t  caused  g rea t p a n d e m ia  in th e  p ast.

T here have  also been  b rillian t a ch iev em en ts  as to  tin? know ledge o f  th e  
bio logical role, im p o rta n c e  and u n d e rs ta n d in g  o f  th e  m icroscopic liv ing  
w orld  su rro u n d in g  us a n d  as to  th e  u tiliz a tio n  o f  p a r t  o f  th e  cap ab ilities  an d  
energies of th is  m icro-w orld  to  sa tisfy  th e  d em an d s  an d  req u irem en ts  o f  th e  
m acro-w orld . W ith  th e  h igh ly  prom ising  re su lts  o f  th e  b io techno log ical re v o lu ­
tion  I  d ea lt w ith  in  d e ta il in m y opening  le c tu re  o f our p rev ious C ongress, in 
th e  le c tu re  given in  m em ory  o f R o b e rt K och.

In  th e  y ea r t h a t  has passed  since th e n  th e re  has been a new  d iscovery  
in  o u r field , an  im m ense  s tep  w hich m ay h av e  unforeseen  consequences, an d  
m ay  a lte r  m an y  of o u r n o tions such as have  been  so fa r accep ted  as ab so lu te ly  
u n q u estio n ab le  fac ts . T his is th e  d iscovery  m ade b y  B aross and  D ein ing  o f th e  
ex istence  of m icroorgan ism s capab le  of p ro life ra tio n  a t 250 °C or h igher 
te m p e ra tu re s . T hese m icroorgan ism s th a t  w ere sam pled  from  c ru s ta l p a r ts  
o f deep-sea vo lcanic  shelves a lte r  n o t only  o u r id eas  ab o u t th e  cond itions an d  
lim its  w ith in  w hich we h av e  so fa r been  able to  im ag ine  th e  ex istence o f o rgan ic  
life, b u t  a t  th e  sam e tim e  are  su itab le  to  suggest th a t  life is possible in such 
regions o f our E a r th  w here we h av e  reg a rd ed  i t  im possib le , an d  u n d e r sim ilar 
cond itio n s, on th e  su rface  o f  o th e r p lan e ts , to o . T h is d iscovery  also refers to  
th e  assu m p tio n  th a t  life m ay  have s ta r te d  am id s t chem ical reac tio n s acce ler­
a ted  a t  such ex trem e ly  h igh te m p e ra tu re s . T hese  m icroorganism s can now
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be c u ltu re d  an d  s tu d ie d  in  en rich ed  sea w a te r  in  ti ta n iu m  ch am b er a t  250 °C, 
a t  265 a tm  pressure. T h e ir g en e ra tio n  tim e  is a b o u t 40 m in, w hich, on decreasing  
p re ssu re  an d  te m p e ra tu re  is g e ttin g  longer a n d  longer an d  en tire ly  s to p s  below  
100 °C. In  th e  course o f th e ir  cu ltu rin g  th e y  p ro d u ce  m eth an e , ca rb o n  m onox ide , 
h y d ro g e n , and  a sm all a m o u n t of n itro g en  oxide. T he d iscovery  an d  ex istence  
o f th e s e  ob liga te ly  th e rm o p h ilic , gas-d em an d in g  an d  p roducing  m ic ro o rg an ­
ism s h a v e  n o t only d isp ro v ed  th e  chem ical an d  biochem ical dogm as on p ro te in s , 
n u c le ic  acids, lip ids, i.e. th e  m ost im p o r ta n t com ponen ts of liv ing  m a tte r , b u t 
a lso  suggest th a t  b ey o n d  th e  th e o re tic a l in v o lv em en ts , th e ir  im p o rta n c e  is 
u n p re d ic ta b ly  g rea t as to  th e  w hole o f b io logy an d  for th e  new  tre n d s  in 
in d u s tr ia l  m icrobiology (large-scale p ro d u c tio n  of th e rm o stab le  enzym es, 
in d u s tr ia l  gas p ro d u c tio n , e tc .). T he e s tab lish m en ts  concern ing  th e  tim e  o f th e  
o rig in  o f  liv ing  m a tte r  on o u r E a r th  also need  reap p ra isa l. In  th e  course  o f th e  
E a r t h ’s evo lu tion  life m u s t h av e  o rig in a ted  in  an  earlie r period  o f cooling  dow n, 
a n d  th e  possib ility  o f life on o th e r  p lan e ts  th a t  h av e  so fa r been ex c lu d ed  from  
th is  p o ssib ility  due to  th e ir  h igh te m p e ra tu re , is to  be reconsidered .

T hese resu lts  raise o u r recen t know ledge on th e  m icro-w orld  to  an  eq u a l 
lev e l w ith  th e  resu lts  o f  th e  tech n ica l rev o lu tio n  o f ou r tim es, an d  th e y  will 
fo rm  th e  essen tia l basis o f th e  d ev e lo p m en t an d  persistence  o f th e  p la n t  and  
a n im a l k ingdom  in th e  new  m illen ium .
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Bacteriology and Parasitology

EXPERIMENTAL ANIMAL MODELS IN THE STUDY 
OF ENTERIC PATHOGENS

I . K É T  Y I

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

E x p e rim e n ta l an im al m odels a re  m a n d a to ry  in  h u m an  m edical m ic ro ­
bio logy , b u t  th ey  are  e ssen tia l a lso  in  v e te r in a ry  m icrobiology, b ecau se  th e  
price o f big fa rm  anim als lim its  th e  n u m b e r o f ex p erim en ts . T he e x p e rim e n ta l 
an im al m odel is n o t a sim ple fo rced  co m p en sa tio n : in  m any  cases i t  gives 
b e tte r  in fo rm atio n  a b o u t som e s tep s  o f p a th o m ech an ism  or a b o u t v iru len ce  
fac to rs , as com pared  to  th e  co m p lex  p ic tu re  y ie lded  by  th e  n a tu ra l  ho st. 
M istakes can  he p rev en ted  by  consid erin g  th e  m odel ch a ra c te r  o f e x p e rim e n t 
a n d  b y  con tro l o b se rva tions in th e  n a tu ra l  ho st. A nim al m odelling o f sa lm o n e l­
losis, shigellosis an d  diseases caused  by  d iffe ren t pa th o g en ic  goups of E scheri­
chia coli has been successfully  ap p lied  an d  th e  possib ility  to  s tu d y  th e  v iru len ce  
fac to rs  o f Vibrio cholerae in th is  m a n n e r  m ay  also be considered.

THE CLONE CONCEPTION A CONTRIBUTION TO THE 
CHARACTERIZATION OF BACTERIA OF 
EPIDEMIOLOGICAL AND DIAGNOSTIC 

IMPORTANCE

H . R i s c h e , H . T s c h a p e  and W . W it t e

Institu te o f  E xperim enta l E pidem iology , Wernigerode, GDP

L ong  tim e  ep idem ilogical o b se rv a tio n  in d ica te  th a t  w ith in  a b a c te r ia l 
Species p a r tic u la r  qua lified  clones w ith  o u ts ta n d in g  v iru lence an d  ep idem ic  
sp re a d  are  responsib le  for th e  ep idem ic  process of th e  in fectious d iseases in 
q u es tio n . T hese clones can be describ ed  an d  ch arac te rized  by  ep idem io log ical 
la b o ra to ry  m ethods such as ph ag e  ty p in g , se ro ty p in g , co lic ino typ ing , hio- 
ch em o ty p in g , analysis o f  p lasm id  p a t te r n  or p ro te in  p a tte rn  etc. a n d  th e re fo re  
d isc rim in a ted  accord ing  to  th e ir  d iffe ren t genetica l and  p h en o ty p ica l t ra i ts .  
In  su m m ariz in g  these  observed  t r a i t s  a clone ty p e  fo rm ula can  be estab lish ed  
for each  epidem iologically  s ig n if ican t s tra in . T he clone concep tion  in  close
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c o n n ec tio n  w ith  eco logical, epidem iological a n d  clin ical s tud ies exp la in s th e  
d ev e lo p m en t of v iru le n t epidem ic or c lin ica lly  im p o r ta n t s tra in s , th e ir  sp read  
a n d  th e ir  d isap p earen ce : i t  gives fu rth e r  in s ig h t in to  th e  dynam ics o f a lte ra tio n  
a n d  chang ing  of th e  in fec tiv e  agents th em se lv es  an d  of th e  d eve lopm en t of 
d ru g  resistance .

ANALYSIS OF PLASMIDS DERIVED FROM MULTIPLE 
RESISTANT ESCHERICHIA COLI STRAINS

H . M i l c h , G .V. L á s z l ó , I. T ó t h , M. Á h r , T .  M a g y a r  and H . G r ä b e r

N ational In s titu te  o f  Hygiene, B udapest, Pélerfy Sándor H ospital,
Department “A "  fo r  In ternal D iseases, C lin ical Pharmacological Laboratory,

B udapest

Escherichia coli s tra in s  cu ltu red  from  h o sp ita liz ed  p a tie n ts  w ith  u r in a ry  
t r a c t  in fections an d  leu k aem ia , tre a te d  w ith  an tib io tic s  or ch em o th erap eu tic s  
fo r a long  period, w ere  exam ined  for s e n s it iv ity  to  27 an tib io tic s . T hough  
th e  th e ra p e u tic a l use o f  m ost of these a n tib io tic s  was n o t general in  H u n g a ry , 
m u ltip le  re s is tan t s tra in s  were often  fo u n d . In  20 ou t o f th e  ex am in ed  30 
s tra in s  th e  presence o f  R -p lasm id  was d e m o n s tra te d . T he d ifference in  a n t i ­
b io tic  resistance  b e tw een  th e  stra ins d eriv ed  from  th e  tw o clinical g roups was 
s ig n if ican t. In  E . coli s tra in s  from  u r in a ry  t r a c t  in fections th e  n u m b er of 
re s is ta n c e  d e te rm in a n ts  p e r one s tra in  w as 1.7, of R -p lasm id  con tro lled  
d e te rm in a n ts  was 0 .8 , w hereas in  case o f leu k aem ia  these  n u m b ers  were 3.2 
a n d  2.4, resp ec tiv e ly . T ransfe rab le  cep h a lo sp o rin  resistance  was found  only  
am o n g  th e  firs t g e n e ra tio n  cephalosporins. O u t o f th e  exam ined  6 cases re s is t­
ance  to  su lfam e th o x azo le -trim e th o p rim  w as dete rm in ed  b y  R -p lasm ids in  
fiv e  cases. On th e  b as is  o f d e te rm in a tio n  o f in co m p a tib ility  g roup , phage- 
in h ib itio n  and  m o lecu la r w eight, the  R -p la sm id s  were not “ hosp ita l-endem ic- 
p la s in id s” .

ISOLATION OF RESTRICTION DEFICIENT MUTANTS 
FROM STAPHYLOCOCCUS AUREUS SA113

L. JÁNOSI a n d  I .  H e t ZMANN 

N ational Institu te  o f  H ygiene, Budapest

F u rth e r  r m + m u ta n ts  were iso la ted  from  Staphylococcus aureus SA113 
an  rs iin s[rs2m s2 d e r iv a tiv e  of NCTC 8325 follow ing m utagen ic  (NTG) t r e ­
a tm e n t.  F or se lec tio n  m u ta n ts  ty p in g -p h a g e  </80 ad a p te d  to  a G roup 2
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s tra in  PS116 (ç80 .PS116) was used. P hage s e n s itiv ity  of 113/34426, one of 
th e  r -  m u ta n ts  increased  w ith  a value o f 2 -5  log  to  b o th  G roup 2 ty p in g -  
phages and  <js80 a d a p te d  to  G roup  2 p ro p a g a tin g  s tra in s  (<p80.PS71, ip80.PS 
116). The ab o v e  phages gave th e  sam e e.o .p . v a lu e  on b o th  the  p ro p a g a to r  an d  
a delysogenized d e riv a tiv e  o f 8325 a fte r p ro p a g a tio n  on 113/34426. In  t r a n s ­
du c tio n  ex p erim en ts  using  G roup 2 donor s tra in s  from  clinical sources a n d , 
s tra in s  8325, SA113 an d  113/34426 rec ip ien ts , ch lo ram phen ico l, te tra c y c lin e  
an d  e ry th ro m y c in  p lasm ids could  be tra n s fe rre d  only  to  113/34426 w ith  a 
frequency  o f K )- *’ 1 0 -7 b y  ç>80.PS116 p ro p a g a te d  on th e  donor s tra in s . F ro m  
th is  m u ta n t  p lasm ids could  be tra n sd u c e d  to  8325 w ith  the  sam e freq u en cy . 
T he use o f m u ta n t  113/34426 offers th e  p o ss ib ility  to  tran sfe r R -p lasm id s 
from  th e  clin ically  im p o r ta n t G roup 2 S. aureus s tra in s  in to  8325 for d e te rm in ­
ing th e ir  in c o m p a tib ility  re la tio n sh ip s  w ith  re c o m b in a n t p lasm ids o f  Io rd a - 
nescu et al.

TN5 CARRIES A STREPTOMYCIN RESISTANCE GENE

P . P u t n o k y , G .B . K iss , I. О тт and Á .  K o n d o r o s i

in s titu te  o f  Genetics, Biological Research Centre,
H ungarian  A cadem y o f  Sciences, Szeged, and Drug Research Institu te , B udapest

In  R hizobium  m eliloti, Tn5 conferred  re s is ta n c e  n o t only to  k a n a m y c in  
b u t to  s tre p to m y c in , as well, in  Escherichia coli, how ever, only to  k an am y c in  
U sing in  v itro  re co m b in an t D N A  tech n iq u es, i t  w as show n th a t  th e  s t r e p to ­
m ycin  resis tan ce  d e te rm in a n t was located  d o w n stream  from  th e  k a n am y c in  
resis tan ce  gene in  th e  un iq u e  cen tra l region o f  T n5 . E xpression  o f v a rio u s  
cloned frag m en ts  o f Tn5 suggested  th a t  b o th  k a n a m y c in  and s tre p to m y c in  
resis tan ce  genes w ere tra n sc rib e d  from  th e  sam e p ro m o te r. E . coli m u ta n ts  
allow ing th e  expression  o f s trep to m y c in  re s is tan ce  from  Tn5 w ere iso la ted . 
T he d iffe ren tia l expression  o f th e  s trep to m y c in  re s is ta n c e  gene prov ides sim ple 
se lec tion /coun te rselec tion  cond itio n s, using o n ly  strep to m y c in  in  tra n s fe r  
ex p erim en ts  o f Tn5 betw een  E. coli and  R . m eliloti.
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INTRODUCTION OF SYMBIOTIC GENES OF RHIZOBIUM 
MELILOTI INTO OTHER RHIZOBIA AND 

AGROBACTERIUM

Z. B á n f a l v i , £ .  K o n d o r o s i , G .S . R a n d h a w a , C .E . P a n k h u r s t ,
W . J .  B r o u g h t o n  and Á . K o n d o r o s i

In stitu te  o f  Genetics, Biological Research Centre,
H u n g a ria n  Academy o f  Sciences, Szeged, H u n g a ry , and  M arx-P lanck  Research Institu te ,

K ö ln , G F R

S tra in s  of Rhizobium  m eliloti aide fo r sy m b io tic  n itrogen  f ix a tio n  w ith 
th e  h o s t p lan t alfalfa, h a rb o u r  m egap lasm ids. R ecen tly  we have show n th a t  
one o f  th e  m egaplasm ids o f  R . m eliloti s tra in  41 (pRm e416) ca rr ie s  genes 
re sp o n s ib le  for sym b io tic  n itro g en  f ix a tio n , inc lu d in g  th e  s tru c tu ra l  genes of 
en z y m e  n itrogenase  ( n i f )  a n d  genes in v o lv ed  in  th e  early  steps o f n o d u la tio n  
(n o d ) .  T hese find ings w ere fu r th e r  su p p o rte d  using  tw o ap p ro ach es. (1) The 
mob reg io n  of R P 4 w as in te g ra te d  in to  th e  pR m e416 w hich was th e n  m obiliz- 
ab le  w ith  R68.45. In  th is  w ay  th e  pRme41/> could  be in tro d u ced  in to  o th e r 
rh iz o b ia  an d  Agrobacterium  tum efaciens. T h e  nod  genes of R . m eliloti could 
be ex p ressed  in th e  new  h o sts , tra n sc o n ju g a n ts  ca rry ing  th e  p R m e ll / i  in ­
d u c e d  nodules on alfa lfa . (2) R -prim e d e riv a tiv e s  o f R68.45 c a rry in g  sym bio tic  
genes o f  R. meliloti w ere c o n s tru c te d  in  v ivo . In tro d u c tio n  o f R -p rim es  c a rry ­
ing  nod  genes in to  Agrobacterium  re su lted  in  tra n sc o n ju g a n ts  ab le  to  n o d u la te  
a lfa lfa . P hysical m ap p in g  o f  th is  D N A  reg ion  also ind ica ted  th a t  genes involved  
in  e a r ly  steps of n o d u la tio n  and  th e  n i f  genes are  located  on a re la tiv e ly  sh o rt 
(5 0 k b ) D N A  region o f  pR m e41/i.

DNA-PROTEIN INTERACTION IN PHAGES OF 
MYCOBACTERIUM PHI El

P. S o m o g y i , К. B a k s a  and I. F ö l d e s

National In stitu te  o f  H ygiene, M icrobiological Research Group, B udapest

P ro te in  p a tte rn s  o f Ph le i phages d is in te g ra te d  by  d iffe ren t m ethods 
w ere  in v es tig a ted . A t le a s t  10-12 p ro te in s  w ere found asso c ia ted  to  D N A  
m ild  d is in teg ra tio n  co n d itio n s (by  rem o v in g  Ca + + ions). T hese so called  
in te rn a l  p ro teins w ere fo u n d  associa ted  to  th e  D N A  even a fte r CsCl equ illib riu m  
c e n tr ifu g a tio n . S ed im en ta tio n  c o n s ta n t, b u o y a n t density  an d  e lec tro p h o re tic  
m o b ili ty  of DNA th u s  o b ta in e d  w ere m easu red . B y th e  use o f o th e r  d is in te g ra ­
t io n  m eth o d s d iffe ren t re su lts  h av e  been  o b ta in ed . T hus, using  N aCIO , to
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iso la te  b ac te rio p h ag e  D N A , 5 6 p ro te in s  a tta c h e d  to  D N A , using te m p e ra tu re  
t r e a tm e n t in th e  presence o f 0 .05%  SDS a re la tiv e ly  p u re  D N A  could  be o b ta ­
ined (1—2 p ro te in s), w hile using  th e  pheno l m e th o d  no p ro te in  asso c ia ted  to  
D N A  cou ld  be d e tec ted . T his la t te r  p h en o m en o n  m eans th a t  p h ag e  DNA 
co n ta in s  no co v a len tly  b o u n d  p ro te in s .

BIOSYNTHESIS OF THE HEPTOSE REGION OF 
LIPOPOLYSACCHARIDES IN GRAM-NEGATIVE 

BACTERIA. ISOLATION OF ADENOSINE 5’- 
DIPHOSPHATE-l-GLYCERO-d-MANNOHEPTOSE, 

THE “PROPER” SUBSTRATE OF HEPTOSE 
TRANSFERASE, FROM SALMONELLA MINNESOTA 

R 595 AND SHIGELLA SONNEI  Re MUTANTS

T. K o n t r o i i r  and B. Kocsis

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

A few  years  ago we iso la ted  A D P -D -g ly ce ro -D -m an n o h ep to se  from  a 
Shigella sonnet R  m u ta n t  w hich in co rp o ra tes  in to  its  cell wall lip o p o ly sa c c h a r­
ide D -g lycero -D -m annohcp tose  as sole hep tose . W ith  sim ilar m e th o d s , i.e. 
by  e x tra c tio n  of b ac te ria  w ith  perch lo ric  acid , ion  exchange c h ro m a to g ra p h y , 
we could  iso la te  from  class R e m u ta n t  o f Salm onella  typ h i-m u riu m  a n d  from  
a sim ilar hep toseless m u ta n t  o f S . sonnet a m ix tu re  o f th e  nucleo tides o f  “ D D ” 
an d  “ L D ”  hep tose . A fte r p a p e r ch ro m a to g ra p h y  in  e th an o l-b u tan o n e -0 ,5  
M m o rp ho lin ium  te tra b o ra te , p H  8.6, in  0.01 м E D T A  (70:20:30; C a rm in a tti  
e t al.) we could  iso late  b o th  o f th e  n u c leo tid e  sugars in  p u re  form  (“ D D ” :“ L D ” 
ra tio  a b o u t 2:3). T he s tru c tu re  o f  A D P-L -glycero-D -m annoheptose h as  been 
verified  b y  an a ly tica l m eth o d s as g.c., p .c ., sp ec tro sco p y  and  d e te rm in a tio n  
o f c o n s titu e n ts . On th e  basis o f  o u r re su lts , S . typ h i-m u riu m  R 595 a n d  S. 
sonnei R e m u ta n ts  can  be reg a rd ed  as epim eraseless r a th e r  th a n  tran sfe rase less  
ones.
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STRUCTURE OF THE IMMUNODOMINANT REGION OF 
ESCHERICHIA COLI R, CORE TYPE LIPOPOLY­

SACCHARIDE
T .  KOMTROHR and B .  KOCSIS 

In stitu te  o f  M icrobiology, U niversity  M edical School, Pécs

In  a previous w o rk , w e h av e  p o s tu la te d  th a t  th e  end-group  te tra sa c h - 
a r id e  is su b s titu te d  w ith  th e  im m u n o d o m in an t o f core on th e  te rm in a l 
g a la c to se . This fin d in g  w as su p p o rted  in a c o m p a ra tiv e  s tu d y  w ith  Escherichia  
coli R , core ty p e  lip o p o ly sacch a rid e  hav in g  s im ila r te rm in a l s tru c tu re  excep t 
t h a t  in  th e  side-chain , g a lac to se  w as s u b s titu te d  for glucose. In  c o n tra ry  to  R , 
p o ly sacch a rid e , th e  R j co re  w as n o t a tta c k e d  b y  ga lac tose  ox idase, w as n eg a tiv e  
w ith  galactose-specific  le c tin s  an d  th e  serological a c tiv ity  w as ra p id ly  e lim in ­
a te d  w ith  m ild a lka li a n d  ac id  tre a tm e n t. In  passive  haem olysis in h ib itio n  
te s t ,  th e  R t ty p e  lip o p o ly sacch a rid e /an tib o d y  sy s tem  was s tro n g ly  in h ib ited  
b y  hep toseless lip o p o ly sacch arid es , k e to d eo x y -D -m an n o o ctu lo n ic  acid (K D O ) 
a n d  K D O -m eth y lg ly co sid es .

APPLICATION OF THE INDIRECT 
HAEMAGGLUTINATION TEST FOR SURVEYING 

MYCOPLASMA HYOPNEUMONIAE

L . S t IPKOVITS and J .  MÉSZÁROS

Veterinary M edical Research Institute, H ung a ria n  A cadem y o f  Sciences, B udapest

Sheep e ry th ro c y te s  p re tre a te d  w ith  g lu ta ra ld e h y d e  a n d  ta n n in  were 
sen s itiz ed  w ith  M ycop lasm a  hyopneum oniae  an tig e n . Sera co llected  from  2090 
c o n v e n tio n a l pigs a n d  2283 pigs free from  M . hyopneum oniae  w ere exam ined  
b y  th e  in d irec t h a e m a g g lu tin a tio n  te s t, u sing  e ry th ro c y te s  tre a te d  in  th is  w ay. 
T h e  p ro p o rtio n  of se ro p o s itiv e  anim als w as 70 to  9 0%  in co n v en tio n a l fa tte n e d  
p ig  h e rd s , 30 to  4 0 %  in  3 to  5 years old sows an d  ho ard s, an d  16%  in b ack ­
y a r d  pigs. T itres o f th e  re a c to r  anim als ra n g e d  b e tw een  1:16 a n d  1:512. One 
a n d  a h a lf  per cen t o f p ig  se ra  collected in h e rd s  undergone  M . hyopneum oniae  
e ra d ic a tio n  gave d o u b tfu l o r m ild ly  p o sitive  reac tio n s. H ow ever, M . hyopneu­
m oniae  in fection  cou ld  n o t  be estab lished  b y  gross p a tho log ica l an d  histo- 
p a th o lo g ica l e x a m in a tio n s  an d  m ycop lasm a iso la tion  p erfo rm ed  a fte r  th e  
e x te rm in a tio n  o f such  an im als . The in d ire c t h a em ag g lu tin a tio n  te s t  seem s 
to  h e  a reliable m e th o d  fo r screening pig  h e rd s  for M . hyopneum oniae  in fec­
tio n .
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ISOLATION OF C02 DEPENDENT SALMONELLA 
GALLINARUM STRAINS FROM CHICKEN WITH 

FOWL TYPHOID

E. P á l i n k á s , Gy. G a j d á c s , V. P á l y a , Б .  L á n y i  and A. S z e n t m i h á l y i  

Veterinary In stitu te , Békéscsaba, and N ational In stitu te  o f  H ygiene, Budapest

A m ong 10—20 days old ch icken  of m e a t- ty p e  flocks an  acu te  disease 
occurred  w ith  m o d era te  losses. T h e  patho log ica l changes resem bled  fowl 
ty p h o id  h u t  y ie lded  no b a c te ria  by  aerobic c u ltiv a tio n . H ow ever, Salm onella  
gallinarum  grew read ily  from  th e  organs of all d iseased  b ird s  in  increased  CO„ 
a tm o sp h ere . T he 14 s tra in s  cou ld  he ad a p te d  to  aerob ic  g row th  a fte r  4 -5  
su b cu ltu res . The source o f in fec tio n  was an in fec ted  b reed e r stock  an d  th e  CO., 
depended  S . ga llinarum  w as iso la ted  from  th e  dead -in -sh e ll em bryos, too . T he 
14 s tra in s  show ed id en tica l p hage  p a tte rn  (phage ty p e  1 w ith  S. enteritidis  
phages a n d  phage ty p e  A w ith  S . panam a  phages).

BIOTYPES AND SEROTYPES OF PA ST EUR ELLA 
HAEMOLYTICA ISOLATED FROM SHEEP, GOATS

AND CALVES

L. F o d o r , J .  V a r g a , I . H a jt ó s  and G y. S z e m e r é d i

D epartment o f  Epiznotiology, U niversity  o f  Veterinary Science, Budapest,
A n im a l Health Institu te , M isko lc  and Central Veterinary Institu te , Budapest

B iochem ical an d  serological ch a rac teris tic s  o f 201 Pasteurella haemolytica  
s tra in s  iso la ted  from  sheep , goats  a n d  calves su ccu m b ed  to  p n eum on ia , p leu ro ­
p n eu m o n ia  or sep ticaem ia  w ere exam ined . F o r th e  serological ex am in a tio n s 
th e  in d ire c t h a em ag g lu tin a tio n  te s t  was used. A b o u t 9 2 .5%  of th e  iso lates 
(186 stra in s) belonged  to  th e  A a n d  ab o u t 7 .5%  (15 s tra in s)  to  th e  T  b io ty p e . 
E x c e p t 8 s tra in s  th e y  could  be assigned  in to  one o f th e  up  till now  estab lish ed  
15 se ro ty p es. F rom  calves A1 w as th e  m ost p rev a ilin g  se ro ty p e  (65%  o f th e  
stra in s). In  sheep a lm o st all se ro ty p es were re p re se n te d , b u t  sero types AI 
(26% ), A2 (12% ), A 7 (10% ), A9 (9.5% ) an d  A6 (9% ) o ccu rred  th e  m ost 
freq u en tly . A bou t 24%  o f se ro ty p e  A bac te ria  caused  sep ticaem ic  disease in 
sheep. A p a r t  from  one s tra in , iso la te s  from  goats re p re se n te d  a single se ro ty p e  
A2.
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COMPARATIVE STUDIES ON TWO TYPES OF 
LEPTOSPIRAL CULTURE MEDIA

F. K e m e n e s , T. P e r é n y i  and E . T e m e s v á r i  

P h y la x ia  V e te r in a r y  B io lo g ic a ls  C o ., B u d a p e s t

T w o k inds of le p to sp ira l m edium  K o rth o f’s ra b b it sera and  E llin g h au se - 
J o h n s o n ’s BSA were used  fo r iso lation  a n d  p ro p ag a tio n  o f lep to sp ires . In  the 
low  p ro te in  con ta in ing  (USA) m edium  even th e  fastid ious L eptosp ira  interrogans 
s e ro v a r  hardjo  was ab le to  grow . The sem isolid  BSA m ed ium  is m ost su itab le  
fo r iso la tio n  of L . interrogans se rovar hardjo. L . interrogans se ro v ar pom ona  
f ro m  ren a l tissues grew  in  K o r th o f’s m ed ium  when in o cu la ted  und ilu ted , 
m ean w h ile  in  sensitive B SA  m edium  th ese  lep tosp ires m u ltip lied  on ly  when 
a p p ro p r ia te  d ilu tions w ere  seeded. As in BSA m edium  lep to sp ires  m u ltip lied  
a t  le a s t  five tim es m ore in ten s iv e ly  th a n  in  K o rth o f’s m ed iu m , vaccines 
p re p a re d  from  these  c u ltu re s  m ay  estab lish  a b e tte r  im m u n ity .

CHARACTERISTICS OF THE NUTRIA-TREPONEMA

L. M o l n á r

Department o f E pizootio logy , U niversity  o f  Veterinary Science , B udapest

P rev iously  we h a v e  re p o rte d  on an  epidem ic disease s im ila r to  swine 
d y s e n te ry  observed in  a n u tr ia s to c k . In  th e  coecum  an d  in  th e  faeces of the  
ill a n d  dead an im als sp iro ch ae ts  iden tica l w ith  Treponem a hyodysenteriae 
a n d  b in d in g  T. hyodysenteriae  co n ju g a tes  w ere p resen t. T he m icroorganism  
w as iso la ted  from  th e  c a d a v e rs  from  an  o th e r n u tr ia s to c k . T here  was no 
d iffe ren ce  betw een  T. hyodysenteriae  an d  th e  n u tr ia - tre p o n e m a  b y  ligh t- and 
e lec tronm icroscop ica l, b iochem ical an d  serological ex am in a tio n s . T he tre p o ­
n e m a  s tra in s  iso lated  from  n u tr ia s  colonized th e  large in te s tin e  o f a rtific ia lly  
in fe c te d  pigs, b u t caused  no  disease. Pigs M ere infected  v ith  th e  coecal-con ten t 
o f  n u tr ia s  from  w hich th e  tre p o n e m a  s tra in s  w ere iso la ted . No disease developed 
fo r o n e  m o n th  in  th e  in fe c te d  pigs. The colon of k illed pigs w as fed  to  an o ther 
g ro u p  o f pigs b u t th e y  also  rem ained  sym ptom less. A fte r tw o fu r th e r  swine- 
p a ssag es  3 in fected  pigs becam e seriously  ill a f te r  5—7 day s p o s t infection 
w ith  ch a rac te ris tic  sy m p to m s o f swine d y sen te ry . W e conclude th a t  th e  n u tria - 
iso la te  becom es p a th o g en ic  fo r pigs a fte r  a few passages.
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К . L u k á c s  and J .  E r d e i

Veterinary M edical Research In s titu te , H ungarian A cadem y o f  Sciences, B udapest

So fa r, no serological m e th o d s  serving fo r th e  detec tio n  of Treponem a  
hyodysenteriae  an tib o d ies  an d  su itab le  for th e  e x a m in a tio n  of in d iv id u a l an im als  
has been  av ailab le . As a sen sitiv e  and  reliab le  te s t  enab ling  the  e x a m in a tio n  
o f large n u m b ers  o f in d iv id u a ls  w ith in  a re la tiv e ly  sh o rt tim e , E L IS A  seem s 
to  he th e  m eth o d  o f choice. In  o u r stud ies p e rfo rm ed  so far, 48 72 h b ro th  
cu ltu res  (T ryp ticase  soy b ro th )  o f  a s tra in  iso la ted  from  a dysen te ric  p ig  and  
d esigna ted  В 8, and  tho se  o f  an  ap a th o g en ic  s tra in  designated  H I w ere used  
as an tig en . T he cells w ere reco v ered  from  th e  b ro th  cu ltu res  by  c e n tr ifu g a tio n , 
w ashed in  PB S  an d  so n ica ted . Serum  of d y sen te ric  sows was used as p o sitiv e  
con tro l, and  S P F  p ig le t serum  as n egative  co n tro l. A nti-sw ine Ig G -H R P O  
m ark e ted  by  H u m an  In s t i tu te  for Serobacterio log ica l P ro d u c tio n  an d  R esearch  
was used as co n ju g a te , a n d  O P D  as su b s tra te . As com pared  to  th e  m ic ro ­
ag g lu tin a tio n  te s t , E L IS A  is sen sitive  enough an d  su itab le  for th e  d e te c tio n  of 
trep o n em al an tib o d ies . T he g re a t a d v a n ta g e  o f E L IS A  lies in th e  fa c t t h a t  it  
e lim ina tes th e  d ifficu lties o f a n tig e n  p ro d u c tio n . O nce p roduced , th e  an tig e n  
can he used  in high d ilu tio n  fo r a long tim e.

In  a stock  o f  sheep  im p o rte d  from  F ran ce  a disease invo lv ing  s u p p u ra ­
tio n  of ly m p h  nodes a n d  su b cu tan eo u s  abscess fo rm atio n  was observ ed . In  
th e  course o f a few m o n th s  all in d iv id u a l o f th e  s to ck  o f 318 ewes acq u ired  th e  
disease. R ecu rrence  w as com m on. S ix-eight w eeks a f te r  th e  h u rs t an d  h ea lin g  
of th e  abscess a new er, occasionally  a th ird  abscess w as form ed. A fte r 12-13 
m on th s th e  disease g ra d u a lly  ceased  in th e  a d u lt  s to ck , b u t  reap p ea red  in th e  
lam bs horn  d u rin g  th is  period . F ro m  all th e  ex am in ed  m ate ria ls  a slow ly g ro w ­
ing, m icroaeroph ilic , fa s tid io u s G ram -positive  coccus was cu ltu red . M erino 
sheep infected  w ith  th e  iso la tes, sim ilarly  to  th e  n a tu ra lly  occurring  cases, 
developed  su b cu tan eo u s  ly m p h  node abscesses. T he isolates show ed  th e

E. B a j m ó c z y , В. F a z e k a s  and J .  T a n y i

Veterinary Institu te , Debrecen
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c h a ra c te r is tic s  of “ M icrococcus abscedens-ovis”  described  as th e  cau sa tiv e  
a g e n t  o f  Morel disease. O ccurrence  o f th is d isease has no t so fa r  been  rep o rted  
in H u n g a ry .

DETECTION OF COMPLEMENT FIXING 
ANTIBODIES FOR CHLAMYDIA IN HUNGARIAN 

EQUINE HERDS

Z. Cs u k á s , I . H a j t ó s , T. F a r a g ó  and M. K ovács

V eterinary Institu te , M isko lc , Pest County V eterinary and  Food Control S ta tio n , Gödöllő, 
and Heves C ounty Veterinary and  Food Control Station, Eger

B lood sam ples co llec ted  from  horses o f  d iffe ren t b reeds a n d  re a re d  for 
d iffe re n t purposes w ere exam ined  b y  co m p lem en t f ix a tio n  te s t  (CFT) to  
d e te c t  an tibod ies fo r C hlam ydia . A to ta l  o f 317 blood sam ples w ere collected 
fro m  p r iv a te  farm s, w here  th e  ow ners u su a lly  h av e  no t m ore th a n  tw o  horses 
an d  393 sera sam ples w ere co llected  from  big (governm en ta l) herds. A n tib o d y  
ti te r s  1:10 or higher w ere considered  po sitiv e . T he n u m b er o f  ex am in ed  blood 
sam p le s  collected a t ra n d o m  from  each fa rm  ran g ed  from  8 to  50. O u t o f th e  
se ra  ex am in ed  (710), 13 .2%  were p o sitive . By C FT th e  n u m b e r o f p ositive  
cases from  d ifferen t fa rm s v a rie d  betw een  О an d  53 .3% . T he h ig h es t a n tib o d y  
t i t r e s  occurred  in  8 foals less th a n  one y e a r  o ld , from  one fa rm ; th e se  foals 
su ffe red  from  re sp ira to ry  disease w hen th e y  w ere six to  tw elve  w eeks old. 
H o rses  rea red  in  sm all n u m b e r an d  b red  fo r p r iv a te  purposes w ere ra re ly  
p o s itiv e . A ccording to  o u r serological resu lts  a n d  accord ing  to  th e  experience 
o f  o th e r  au th o rs  elsew here one m u st d raw  a tte n tio n  to  th e  ro le p lay ed  by  
C hlam ydia  as a cau sa tiv e  fa c to r  in  re sp ira to ry  disease com plex  o f horses and  
a b o r t io n  in  m ares.

ROUE OF ANTIBACTERIAL MECHANISMS IN THE 
PATHOLOGY OF SWINE DYSENTERY

L. P r o h á s z k a

Veterinary M edical Research Institu te, H ungarian  A cadem y o f  Sciences, B udapest

Sw ine d y se n te ry  (Treponem a hyodysenteriae  infection) is a com m on 
d isease  of pigs k e p t in la rge-scale  farm s. In  re c e n t years we h av e  o b serv ed  th a t  
cases o f sw ine d y se n te ry  d id  no t occur in  fa rm s w here pigs w ere fed  m aize 
s ilage/(3 -year o b se rv a tio n  in c lud ing  40 000 pigs). W e have show n th a t ,  due  to
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th e  a n tib a c te r ia l e ffect of v o la tile  f a t ty  acids (V FA ), b ac te ria l m u ltip lic a tio n  
is s tro n g ly  in h ib ite d  in  th e  in te s tin a l t r a c t  of pigs fed m aize silage, a n d  th is  
p rev en ts  th e  sp read  o f  in fec tion . T h e  in te n s ity  o f th e  V F A -associa ted  a n t i ­
b a c te ria l effect in  th e  in te s tin a l t r a c t  depends on th e  q u a lity  o f th e  feed . B y 
en h an c in g  th e  in te n s ity  o f th e  s tu d ie d  n a tu ra l  defence m echanism  by  a d e q u a te  
feeding, th e  p rev en tio n  of sw ine d y se n te ry  seem s to  be possible w ith o u t th e  
use o f  drugs.

CHARACTERIZATION OF ESCHERICHIA COLI 
STRAINS ON THE BASIS OF THEIR ADSORPTION 

ON Al(OH):i GEL AND HAEMAGGLUTINATION

0 .  F I e R C ZEG H  and E .  S zÖ L L Ő S Y  

D epartm ent o f  C linical M icrobiology, U niversity  M edical School, Szeged

Szöllősy show ed in  1969 th a t  cell suspension  o f s tra in s  be long ing  to  th e  
fam ily  Enterobacteriaceae are  h o u n d  to  th e  su rface  o f A 1(0H )3 gel w ith  d iffe ren t 
in te n s ity . T he a d so rp tio n  of th e  b a c te r ia  can  be in h ib ited  by  p h o sp h a te  ions. 
S tra in s  w ere ch a rac te rized  by  th e  n u m erica l value o f th e  p h o sp h a te  b u ffe r  
m o la rity  causing  5 0%  equ ilib rium  on th e  gel (E C J0). This ch a ra c te r  is in d e p e n ­
d e n t from  serological types. All s tra in s  belonging to  th e  serological g ro u p s 
causing  in fan tile  e n te ritis  are  c h a ra c te r iz e d  by  th e ir  in a b ility  to  a b so rb  on 
th e  gel. T he re la tio n  betw een  ad so rb in g  c a p ac ity  and  th e  b e h a v io u r w ith  
S erény  te s t  as well as the  h a e m a g g lu tin a tio n  in  th e  presence an d  ab sen ce  o f 
m annose  have  been  s tu d ied  on s tra in s  o rig in a tin g  from  p a tien ts . I t  w as fo u n d  
th a t  th e  m a jo rity  o f S erény -positive  s tra in s  d e m o n s tra te d  w eak a d so rp tio n  
(E C 50 0.01), w hile S erén y -n eg a tiv e  s tra in s  ad so rb ed  m ore firm ly  (EC 5„ 0.04). 
T be h a e m a g g lu tin a tin g  Escherichia coli s tra in s  have been grouped  as fo llow s: 
A g g lu tin a tin g  h u m a n  blood cells in  th e  presence o f m annose (M R H A ), on ly  
in th e  absence o f m annose  (M SH A ), a g g lu tin a tin g  guinea pig blood cells w ith  
m annose  (M RTA ), on ly  w ith o u t m an n o se  (MSTA). T he h a e m a g g lu tin a tin g  
c h a ra c te ris tic  o f s tra in s  have been  co m p ared  w ith  th e ir  E C 50 values.
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OF ESCHERICHIA COLI IS ASSOCIATED WITH 
SEROGROUP RUT NOT WITH SITE OF INFECTION

National Institute o f Hygiene , Budapest, and Heim  Pál Children s Hospital, Budapest

M annose r e s is ta n t  h aem ag g lu tin a tio n  o f  h u m a n  e ry th ro cy te s  (M R HA 
h u m .) an d  О a n tig e n  o f  Escherichia coli s tra in s  o rig in a tin g  from  faeces (p a ti­
e n ts  w ith  e n te ritis  244, h e a lth y  in d iv id u a ls  225), u rine  (pyelonephritis  111, 
cy s titis  130, a sy m p to m a tic  b ac te riu ria  59) a n d  o th e r e x tra in te s tin a l sources 
(b lood  30, ce reb ro sp in a l f lu id  15, w ound 13, a n d  nose sw abs 5) w ere exam ined . 
Serogroups 0 1 , 0 2 , 0 4 ,  0 6 , 0 7 , 0 1 8 , 0 7 5  w ere  un ifo rm ly  th e  m ost freq u en t 
in  faecal (26 .5% ), u r in a ry  (34% ) and  e x tra in te s t in a l  (57.9% ) s tra in s . H aem agg- 
lu tin a tin g  a c tiv ity  o f  th e se  serogroups wras s ig n if ican tly  m ore freq u en t th a n  
th a t  o f th e  o th e rs  (p  <7 0.001). There w as n o  s ig n ifican t association  betw een  
M R H A  p o s itiv ity  a n d  origin of these se ro g ro u p s . I t  has been concluded  th a t  
M R H A  hum . p ro p e r ty  o f an  E. coli s tra in  r a th e r  depends on its  serogroup  
th a n  its  origin. As sero g ro u p s w ith  M R H A  h u m . a c tiv ity  are th e  m ost fre q u e n t 
serog roups of th e  in te s tin a l flora, th e  p r im a ry  fu n c tio n  o f these  s tra in s  is to  
colonize th e  bow el; o u ts id e  th e  gut th e y  m a y  cause e x tra in te s tin a l in fec tions.

T he a p p e a ra n ce  o f re s is tan t h a e m o ly tic  Escherichia coli clones w as 
s tu d ie d  in m ice t r e a te d  w ith  a synerge tic  c o m b in a tio n  of an tib io tics  (b ro ad  
ran g e  penicillin  d e r iv a tiv e  am inoglycoside). T he R p lasm id  donor an d  th e  
h aem o ly tic  re c ip ien t w ere given orally . S ta r t in g  n e x t d ay  10 an im als w ere 
tr e a te d  in tra p e r ito n e a lly  w ith  2.5 m g ca rb en ic illin  and  2.5 mg k an am y c in  
pro  die th ro u g h  7 d a y s ; 10 contro l a n im a ls  w ere in jec ted  w ith  saline. T he 
ap p ea ran ce  of r e s is ta n t  tra n sc o n ju g a n ts  w as te s te d  b o th  b y  d irect p la tin g  of 
faecal sam ples o n to  se lec tive  blood ag ar p la te s  a n d  a fte r selective en rich m en t. 
O u t o f 80 faecal sam p les  of mice rece iv in g  an tib io tic  tre a tm e n t re s is ta n t 
haem o ly tic  tra n s c o n ju g a n ts  were iso la ted  fro m  13 sam ples b y  d irec t p la tin g  
a n d  from  27 sam p les  a f te r  en richm ent. O u t o f 80 para lle l sam ples o f co n tro l 
an im als  a single one re su lte d  in a p ositive  c u ltu re , how ever, only a fte r  enrich-

É .  Cztrók, A. M a r t o n ,  M .  Csik and M .  S o l t i

L .  E m ő d y

Institute o f Microbiology, U niversity Medical School, lJccs
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m en t. On th e  basis o f th ese  re su lts  we assum e t h a t  even a p roper a n tib io tic  
co m b in a tio n , while con tro llin g  th e  ac tu a l in fe c tio n , m igh t fac ilita te  th e  
ap p earan ce  o f re s is ta n t haem o ly tic  clones (a n d  clones possessing o th e r  
v iru lence  fac to rs) in  th e  in te s tin a l tra c t. T hese  m u ltiré s is ta n t clones m ig h t 
rep resen t a special d an g er as possib le sources o f la te r  e x tra in te s tin a l in fec tions.

DETECTION OF COMMON ANTIGEN AMONG 
VIRULENT STRAINS OF ENTEROINVASIVE 

ESCHERICHIA COLI, SHIGELLA FLEXNERI AND 
SHIGELLA SONNEI BY ELISA

T .  P a l , S. P á c s a , L .  E m ő d y  a n d  S. V ö r ö s

Institute o f Microbiology, University Medical School, Pécs

U sing a special k in d  o f  E L IS A  te c h n iq u e  th e  ex istence o f com m on 
an tig en  c h a ra c te ris tic  only  o f th e  v iru le n t s tra in s  o f  en te ro in v asiv e  Escherichia  
coli (E lE C ) o f d iffe ren t serogroups was in v e s tig a te d . Im m u n e  serum  p ro d u ced  
ag a in st a v iru le n t s tra in  o f serogroup  0143 an d  ab so rb e d  w ith  living an d  h e a t-  
tre a te d  cells o f th e  a v iru le n t d e riv a tiv e  o f sam e s tra in  was used. T his se ru m  
show ed w ith  all th e  v iru le n t E IE C  stra in s a t i t r e  h igher th a n  or eq u a l w ith  
1: 2000, w hile th e  a v iru le n t ones gave titre s  low er th a n  1: 200. C om parab le  
resu lts  were o b ta in ed  w ith  v iru le n t and  a v iru le n t s tra in s  of Shigella fle x n e r i  
an d  Shigella sonnei. W c assum e th e  ex istence o f a com m on an tigen , c h a ra c ­
te ris tic  o f th e  v iru le n t s tra in s  only .

PI LUS SPECIFIC VACCINE FOR PREVENTION OF 
BOVINE ENTERIC COLI BACILLOSIS

H . N a g y , A. K u l c s á r  and G y. N a g y

Central Veterinary Institute, Budapest, and Bhylaxia Veterinary Biologicals Co.,
Budapest

M ost o f th e  bovine en te ro to x ig en ic  Escherichia coli (E TEC ) s tra in s  possess 
one or b o th  o f  th e  tw o pilus (fim bria ) an tigens: K 99 an d  F41. W ith  th e  help  
of these  an tig en s th e y  ad h ere  to  th e  sm all in te s tin a l ep ithe lium . Calves b o rn  
to  cows v a cc in a ted  w ith  th e  p ilus e x tra c t o f a K 9 9 + E . coli s tra in  (p ro d u ced  
u n d er la b o ra to ry  cond itions) w ere p ro tec ted  a g a in s t a n  exp erim en ta l challenge 
w ith  a b o u t one L D 5I, o f  an  ETEC, K 9 9 +, F 4 1 + s tra in . B ased on th e  above  
resu lts  an  in a c tiv a te d  b a c te ria l vaccine was p ro d u ced  con ta in ing  p ilia te d  
b ac te ria  of th e  E . coli O101.-K99, F41 and  w as licenced under th e  nam e
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“ P h y la c o l-K 9 9 ” a t  th e  en d  o f 1982. In  1981 1982 ex p erim en ta l v a c c in a tio n s  
u s in g  th e  above vaccine  w ere perfo rm ed  o f fou r herds in w hich  en te ro to x ic  
co libacillosis caused  b y  K 9 9 + E T E C  h a d  b een  diagnosed. D ea th s  d u e  to  d ia r­
rh o e a  u n d e r  6 days o f age w ere in v e s tig a te d  b e tw een  calves o f 738 v a c c in a ted  
a n d  1681 con tro l cows. S ix per cen t o f th e  co n tro l calves an d  0 .5 %  o f calves 
re c e iv in g  co lostrum  from  v a cc in a ted  cow s died  a t  th is  age. E n te ro to x ic  
co libacillosis (presence o f K 9 9 + E T EC ) w as n o t diagnosed in th e  la t t e r  g roup , 
a n d  7 0 %  o f th e  te s te d  d e a d  calves from  th e  co n tro l group d ied  as a re su lt of 
K 99 1 E T E C  induced  en te ro to x ic  colibacillosis. In  th e  serum  a n d  co lostrum  
o f th e  v a cc in a ted  cows as w ell as in  th e  se ru m  o f th e ir  calves p ilu s -a g g lu tin a t-  
in g  a n d  E L IS A  an tib o d ie s  w ere d e tec ted . T itre s  w ere sim ilar to  t h a t  induced  
b y  a fo re ign  calf colibacillosis vaccine, V icogen.

INHIBITION OF SMALL INTESTINAL 
COLONIZATION OF ENTEROTOXIC ESCHERICHIA 

COLI BY STREPTOCOCCUS FAECIUM

T. U s h e  a n d  B .  N a g y

Central Veterinary Institute , Budapest

An O101: K 30(A ), K 99: NM, S T a + e n te ro to x ic  Escherichia coli (E T E C ), 
an  0 8 :  K 50(A ): NM n o n e n te ro p a th o g e n ic  E . coli (N EEC ) an d  a Streptococcus 
fa e c iu m  s tra in  w ere s tu d ie d  e lec tronm icroscop ica lly . On th e  su rface  o f  b o th  
E . coli s tra in s  pili (fim b ria ) were d e tec ted . S . fa ec iu m  was n o n p ilia te d . In  th e  
sm a ll in te s tin e  o f in tra g a s tr ic a lly  in fec ted  n ew born  m ice, th e  E T E C  stra in  
a t ta in e d  s ig n ifican tly  h ig h er n u m b ers  th a n  th e  N E E C . Also th e  n u m b e r of 
N E E C  w as s ig n ifican tly  h ig h er th a n  th a t  o f S. faecium . T w elve h o u rs  before 
E T E C  in o cu la tio n , m ice w ere given 10-fold am o u n ts  of S . fa e c iu m . C ontrols 
w ere  on ly  in fec ted  w ith  E T E C . No d ifference  was d e tec ted  in te rm s  o f  sm all 
in te s t in a l  E T E C -co lon iza tion . A sim ilar e x p e rim e n t was p e rfo rm ed  on h y s te r ­
e c to m y  derived  co lo stru m  d ep rived  p ig le ts . S. faecium  could n o t a t ta in  as high 
n u m b e rs  as ETEC  in th e  sm all in te s tin e  o f  p ig le ts. H ow ever, pigs p re in o cu la ted  
w ith  S . faec ium  show ed s ig n ifican tly  less d ia rrh o ea , w eigh t loss a n d  sm all 
in te s t in a l  ETEC  co u n ts  as com pared  to  th e  con tro ls . I t  seem ed t h a t  S . faecium  
co u ld  n o t  colonize th e  sm all in te s tin e  o f  in fa n t mice an d  pigs as w ell as th e  
p il ia te d  ETEC  an d  N E E C  s tra in s  could . T h e  in h ib itio n  o f E T E C  colonization  
b y  s trep to co cc i in  p ig le ts  could be in te rp re te d  as a re su lt o f  b iochem ical 
a c t iv i ty  o f strep to co cc i w hich could  also be accom pan ied  b y  a nonspecific  
e a r ly  s tim u la tio n  o f m ucosal p ro te c tiv e  a c t iv i ty  o f th e  po rc ine  sm all in te s ­
t in e .
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НАЕМ AGGLUTINATING CAPACITY IS ABSENT IN 
YERSINIA ENTEROCOLITICA

D. V e l i n

Institute o f Microbiology, University Medical School, Pécs

A to ta l  o f 122 s tra in s  o f Y ersin ia  enterocolitica  o f d iffe ren t se rog roups 
were exam ined  by  slide h a e m a g g lu tin a tio n  o f d e te c t fim b riae . M ost o f th e  
s tra in s  w ere fresh  iso lates fro m  en te ritis . E ry th ro c y te s  of m an , pig, sheep , 
gu inea pig, ch icken an d  ox w ere used. The te s t  w as p e rfo rm ed  a t room  te m p e ra ­
tu re  and  also a t  4 °C w ith  s tra in s  serially  su b c u ltu re d  in  b ro th  a t 20 °C. N one 
o f th e  s tra in s  fo rm ed  h aem ag g lu tin in s  ag a in st an y  ty p e s  o f e ry th ro cy te s  used . 
F im b riae  d e tec tab le  b y  th e  used  te s t are  a t  le a s t in fre q u e n t in Y . entero­
colitica s tra in s  an d  th ere fo re  th e ir  role in  p a th o g e n ic ity  could  n o t be estab^ 
lished.

PHAGE TYPING OF YERSINIA ENTEROCOLITICA 
IN HUNGARY IN THE YEARS 1980 1983

A. H a j n a l

Pest County Publie Health Station, Budapest

B y th e  phage sets o f  N icolle and  M ollaret 1584 Y ersin ia  enterocolitica 
s tra in s  w ere ty p e d . M ore th a n  9 6%  o f th e  s tra in s  be longed  to  serogroup  0 3  
T he m o st fre q u e n t E u ro p ean  ph ag e  ty p e , V I I I  w as fo u n d  in  89.9% . P h ag e  
ty p e  IX  o ccu rred  in 5 % . An increase has been o b serv ed  in th e  sp read in g  o f 
p hage  IX a . N on-classified  (n.c.) s tra in s  occu rred  in  less th a n  0 .5% . T he p ro ­
p o rtio n  o f ph ag e  re s is ta n t s tra in s  was sm aller th a n  1% . R esu lts  o f th e  ph ag e  
ty p in g  p erfo rm ed  a t 30 °C an d  37 °C w ere d iffe ren t from  those  o b ta in e d  a t  
22 °C. T here  is a s tro n g  lysis w ith  phages V I, V II  a n d  V I I I  and a w eaker one 
w ith  V an d  X  a t  30 °C. A t 37 °C n one  of th e  p hages o f  th e  in te rn a tio n a l p h ag e  
se t ex e rted  lysis. A to ta l  o f 827 s tra in s  w ere ex am in ed  b y  th e  6 Calvo phages 
iso la ted  from  th e  sew age b u t none of th em  w as su ita b le  for fu r th e r  c lassifica ­
tio n  of th e  s tra in s . One o f  th e  six  phages, n am e ly  ZD 3 w as able to  evoke lysis 
even a t  37 °C. A new  phage w as iso la ted  from  a s tra in  o rig in a tin g  from  a p a t ­
ien t in  1982. T he phage n am ed  308 was p ro p a g a te d  on s tra in  No. 3827. M ore 
th a n  1 .3%  of V I I I  s tra in s  ph ag e  ty p e  was d iv isib le  b y  phage 308. B ecause У. 
enterocolitica is a s ign ifican t a g e n t o f en teric  in fec tio n s an d  is associa ted  w ith  
ce rta in  chronic  diseases (i.e. rh e u m a tic  d iso rders), an d  th e  iso lates are  h ig h ly  
hom ogeneous (se ro type  103 an d  4 b io types), it seem s desirab le  to  c o n tin u e  
efforts to  d iv ide  th em  b y  phage ty p in g  m eth o d s.
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DATA TO THE PATHOGENIC PROPERTIES OF 
NON-Ol VIBRIO STRAINS ISOLATED FROM 

SURFACE WATER TN HUNGARY

B.S. R a l o v i c h ,  S. V ö r ö s , S. P á c s a  a n d  B .K . D a v i s

Institute o f Hygiene und Epidemiology, and Institute o f Microbiology,
U niversity Medical School, Pécs, Hungary, and Centers fo r Diseases Control, A tlanta, U SA

D u rin g  1979 1982 n in e  n o n -O l Vibrio  s tra in s  were iso la ted  from  surface 
w a te r  in  B ala to n  region. Seven  s tra in s  be longed  to  th e  fo llow ing S m ith ’s 
s e ro ty p e :  11, 17, 19, 22 (2 tra in s ) , 106 an d  342. Two Vibrio  s tra in s  were 
u n ty p a h le .  All of th e m  p ro d u c e d  h aem olysin  and  p e rm e a b ility  increasing  
s u b s ta n c e . F o u r ou t o f th e  6 s tra in s  s tu d ie d  caused  necrosis in  m ouse fo o tp ad . 
T w o s tra in s  had  n o t n ec ro tic  effect h u t  one o f th em  killed th e  m ice very  
ra p id ly . E n te ro to x in  could  n o t be d e te c te d  in  cu ltu re  su p e rn a te  o f  th e  s tra in s  
w ith  in fa n t  m ouse te s t. I n f a n t  m ice died  a f te r  in fection  b y  liv in g  c u ltu re  of 
V ibrio  s tra in s . E n te ro to x in  p ro d u c tio n  w as d e tec ted  also b y  E L IS A  te s t.

CAMPYLOPACTE R ENTERITIS IN HUNGARY 
EXPERIENCES OF A THREE YEAR STUDY IN 

PEST COUNTY
M.M. Á D Á M

National Institute o f Hygiene, Budapest

In  th e  years 1980—1982 c u ltu r in g  o f Campylobacter w as successively  
s ta r te d  in 13 lab o ra to ries  o f  th e  H u n g a ria n  P u b lic  H ealth  Service. F rom  3880 
(1980), 31 778 (1981) a n d  63837  (1982) faecal sam ples from  p a tie n ts  w ith  
e n te r i t is  C am pylobacters w ere iso la ted  in  9.2, 6.1 an d  4 .0 % , re sp ec tiv e ly . O ut 
o f  a t o ta l  o f  11881 a sy m p to m a tic  c o n ta c t persons of d ifferen t age th e  iso lation  
r a te  w as 3 .1%  and  our o f  4195 h e a lth y  peop le  1 .7% . In  P es t c o u n ty  th e  an n u a l 
in c id e n c e  of C am pylobacter e n te ritis  w as 6.8, 6.0 an d  2 .0 %  in 3403, 5942 
a n d  6265 p a tien ts , re sp ec tiv e ly , w hile th e  incidence of salm onellosis w as 3.1, 
2.5 a n d  3 .8 %  and th a t  o f shigellosis 0.6, 0.2 an d  0 .2% . C am p y lo b ac te r en te ritis  
w as m o s t frequen t in O c to b er 1980 (8 .6% ), in F e b ru a ry  (11 .4% ) an d  M ay 1981 
(1 0 .2 % ), b o th  in May an d  D ecem b er 1982 (3 .3% ). P ositiv e  re su lts  w ere m ostly  
sh o w n  am ong  in fan t p a tie n ts  (9.7, 13.8 an d  4 .3% ) and  am ong  sm all ch ild ren  
(1—5 y e a rs , 10.1, 7.8 an d  3 .0 % ). M ales w ere usually  m ore fre q u e n tly  affected  
b y  C am py lobacter e n te r itis . W a te ry  an d  slim y  d ia rrh o ea  o ccu rred  in  41 .6% , 
b lo o d y  d ia rrh o ea  in 2 5 .9 % , v o m itin g  in  4 % , ab d o m in a l p a in  in 2 5 .2 % , pyrex ia
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in 35 .7% . T he iJlness was m ild  in  13 .4% , severe in  3 .1 %  and  la s ted  as an  a v e r ­
age 6.3 days. T he iso lates w ere sen sitive  to  te tra c y c lin e  in 8 0 -9 1 %  a n d  to  
am picillin  in 1 3 -39% .

BIOCHEMICAL AND SEROLOGICAL 
CHARACTERISATION OF CAMPYLOBACTER .JEJUNI 

STRAINS ISOLATED FROM ANIMALS AND MEN
. ) .  V a r g a ,  L .  F o d o r ,  I .  M a j t ó s  a m i  M . M .  A d a m

Department o f Epizooliology, University o f Veterinary Science, Budapest.
Veterinary Institute, Miskolc, and National Institute o f Hygiene, Budapest

G row th  an d  b iochem ical ch a rac te ris tic s  o f 98 Campylobacter je ju n i  
s tra in s  iso la ted  from  diseased b ro ile r chicken, lay in g  hens, sheep, dog  a n d  
h u m an  beings w ere ex am in ed . B ased  on th e  h e a t s täh le  an tigens, 77 s tra in s  
w ere serogrouped  by  th e  tu b e  a g g lu tin a tio n  te s t  using  h y p erim m u n e  r a b b i t  
sera . All Campylobacter s tra in s  b e h av ed  ty p ic a lly  in grow th  te s ts  (25 °C a n d  
42 °C), in n a lid ix  acid an d  N aC l to le ran ce  an d  in  H.,S p ro d u c tio n , b u t  v a r ie d  
w idely in th e ir  glycine, bile sa lts , té tra z o liu m  ch lo ride  an d  selen ite  to le ra n c e . 
U sing boiled  an tig en s th e  s tra in s  w ere classified  in to  six  serogroups a t  le a s t. 
A lm ost each serogroup  was fo u n d  also in dogs, sheep  an d  hum ans.

IDENTIFICATION OF UFP (“UNCLASSIFIED 
FLUORESCENT PSEUDOMONAS”) STRAINS BY 

CLINICAL BACTERIOLOGY METHODS

A .  S z E N T M I H A L Y I ,  B. L Á N Y I ,  P .  K l S S  a n d  Z s .  S t V E R T E C Z K Y

National Institute o f Hygiene, Budapest, Csongrád County Public Health Station, Szeged, 
and I ’est County Public Health Station, Budapest

One h u n d re d  and  fou r o u r o f  134 U F P  s tra in s  iso la ted  from  su rface  
w a te r, sw im m ing pool, h o sp ita l w astes  and  som e clin ical sam ples b e lo n g ed  to  
b io ty p es I  an d  I I I .  These s tra in s  u n ifo rm ly  grew  a t  41 °C b u t n o t a t  5 CC, 
had  po lar flagella , p roduced  f lu o re scen t p ig m en t, o x idase , ca ta lase  an d  a rg in in e  
d ihydro lase , u tilized  am m o n iu m  c itra te , fo rm ed  acid  from  glucose an d  w ere 
haem oly tic . D iffe ren t reac tio n s w ere  o b ta in ed  (%  positive) for N 0 3 —> N O , (11), 
u rease (3), am m onium  a c e ta te  (98), gelatin  (82), K C N  (3), casein h y d ro ly s is  
(97). Tw een 80 hydro lysis  (88), D N ase (15), a ce tam id e  (3), fru c to se  (92), 
galac tose  (44), m alto se  (2), m an n o se  (14), xylose (43), 2 -k e to g lu co n a te  (5).
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U n ifo rm ly  n eg a tiv e  c h a ra c te rs  were: N O :! —> N 2, indole, H 2S, lec ith in ase , 
p h en y la lan in e  d eam in ase , lysine and  o rn ith in e  d ecarboxy lase, in o sito l, lactose, 
m a n n ito l, m annose , rh a m n o se , sáliéin, su c ro se , esculin  and  s ta rc h  hydro lysis , 
O N P G . U F P  s tra in s  o f  o th e r  b io types u su a lly  fa iled  to  hyd ro ly se  casein  and  
g e la tin  an d  were n o n -h aem o ly tic . M ethods used  in  clinical b ac te rio lo g y  la b o ra t­
ories allow  a p ro p e r  d iffe ren tia tio n  of U F P  a n d  o th e r p seudom onads.

INVESTIGATION OF THE INTESTINAL FLUID OF 
PATIENTS WITH CONTAMINATED SMALL BOWEL

SYNDROME

E . N a g y , M. R e n k ő , R .  P o l l á k , T . V a r k o i n y i  a n d  J .  F ö l d e s

Department o f Clinical Microbiology, and First Department o f Medicine,
University Medical School, Szeged

To ex ten d  th e  d iagnostic  p o ssib ilities  o f  th e  “ irr ita b le  sm all bow el” 
sy n d ro m e , th e  sm all bow el asp ira tes fro m  114 p a tie n ts  w ere su b jec ted  to  
bac te rio lo g ica l e x a m in a tio n . A dd itiona lly  tb c  b a c te ria l f lo ra  o f th e  in te s tin a l 
f lu id  of 53 p a tie n ts  w ith  o th e r g a s tro in te s tin a l diseases an d  o f  10 p a tie n ts  
w ith o u t g a s tro in te s tin a l com plain ts  w ere te s te d . In  85%  o f th e  p a tien ts  
h a v in g  “ irr ita b le  sm a ll bow el” sy n d ro m e , 10°-107 aerobic a n d  anaerob ic  
b a c te r ia  per m l w ere fo u n d . In  48.4%  th e  m o n th  flo ra  and  in  34 .6%  th e  faecal 
f lo ra  p red o m in a ted  a n d  in  16.6%  a m ix ed  f lo ra  was iso la ted . T he resu lts 
d e m o n s tra te d  t h a t  th e  co n tam in a ted  sm all bow el syndrom e m u st be consider­
ed se p a ra te ly  fro m  th e  fu n c tio n a l in te s tin a l d isease , th e  “ ir r i ta b le  sm all bow el” 
sy n d ro m e .

STREPTOMYCIN RESISTANT MUTANTS OF 
MYCOBACTERIUM PHLEI AND MYCOBACTERIUM 

SMEGMATIS STRAINS EXHIBIT ALTERED 
PHAGE-SENSITIVITY

К . IIABER and I. FÖLDES

Microbiological Research Group, National Institute o f Hygiene, Budapest

S trep to m y c in  re s is ta n t m u ta n ts  o f  d iffe re n t M ycobacterium smegmatis 
s tra in s  (b u ty ricu m , frib u rg en sis , R a b in o w itz )  an d  th a t  o f M ycobacterium  
ph le i w ere iso la ted  b y  one-step  selection . T hese  m u ta n t  s tra in s  d id  n o t show 
cross res is tan ce  to  o th e r  am inoglycosides, like gen tam ic in , k a n a m y c in  or
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neom ycin . A s trep to m y c in  c o n c e n tra tio n -d e p e n d e n t decrease of th e  p h ag e  
titre s  w as fo u n d  on ti tra t in g  hom ologous p hages on th e ir  s tre p to m y c in  re s is t ­
a n t hosts . In  ad d itio n , th re e  o f e leven  s tre p to m y c in  re s is tan t s tra in s  p ro v e d  
to  h av e  an  a lte re d  p h ag e-sen sitiv ity  to  non-hom ologous phages.

THE ENZYME PROFILE OF HAEMOPHILUS
SPECIES

Zs. C s u k á s , I. C s e r b a  a n d  M .  R á s k a y

Institute o f Microbiology, Semmelweis University Medical School, Budapest,
M unicipal Clinic Újpest, Hospitals, Budapest, and Institute Human for Serobacteriological 

Production and Research, Budapest

H aem ophilus  s tra in s  (27 H aem ophilus in fluenzae, 9 H aem ophilus para-  
in fluenzae  a n d  I H aem ophilus haem olyticus) w ere iso la ted  from  clin ical sam p les  
from  25 cases o f  chronic b ro n ch itis , 2 cases o f m en ing itis and  10 sw abs from  
oral m ucosa . H . in fluenzae  p ro d u ced  a low  a m o u n t of coagulase, H . p a ra -  
in fluenzae  p ro d u ced  lipase (some s tra in s  w eakly). T he organism s h ad  no  e ffec t 
on f ib r in  or g e la tin  and  no lec ith in ase , d eoxyribonuclease, e lastase and  p ro te in ­
ase a c tiv ity  could  be d e m o n s tra ted . T he resu lts  suggest th a t  th ese  en zy m es 
p lay  an  u n im p o r ta n t  role in dev e lo p in g  h isto log ical dam ages in  ch ro n ic  
h aem o p h ilu s  in fections.

DETER MI NATION OF SULPHONAMI RE-SENSITIVITY 
OF 962 STRAINS OF ESCHERICHIA COLI

D .  M a r i c a , Cs. M i k l ó , C. S a h l e a n u , L .  G o r g a n  and  M .  S u t e u

Faculty o f Anim al Breeding and Veterinary Medicine, Cluj-Napoca, 
and Pasteur Institute, The Zonal Experim ental Centre, Cluj-Napoca, Romania

T he se n s itiv ity  to  su lp h o n am id es o f 962 s tra in s  of Escherichia coli 
cu ltu re d  from  an im als  w ith e n te r itis  h as  been te s te d  b y  diffusion a n d  d ilu tio n  
m eth o d s. C o m p ara tiv e  d e te rm in a tio n s  on M u elle r-H in to n  (M H) m ed iu m  
and on a genu ine  m edium  (7GS) d e fic ie n t in su lp h o n am id e  a n ta g o n is ts  w ere 
m ade. (1) B y diffusion, th e  s tra in s  w ere h igh ly  sensitive  o f 7G S -m edium  
a lth o u g h  th e y  ap p eared  re s is tan t on  M il m ed ium . (2) The d ilu tio n  m e th o d  
con firm ed  th ese  d a ta . The index  M IC M H /7G S expresses th e  a n tisu lp h o n a m id e  
effect o f M H -m edium .

Acia Microhiologica Hungarica 31, 1934
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CORTICOSTEROID-DEPRESSION IN THE 
REPRODUCTION OF EXPERIMENTAL ERYSIPELAS 

AND PATHOGENICITY TESTING OF 
ERYSIPELOTHRIX RHUSIOPATHIAE STRAINS

IN SWINE

D. M a r i c a  a n d  M .  P o p

Faculty o f A n im a l Breeding and Veterinary M edicine , Cluj-Napoca, Romania

A ccording to  a hyp o th esis  o f th e  a u th o rs  th e  resu lts  o b ta in ed  on 48 
an im a ls  have c o n firm e d  th a t  co rticostero id  h o rm o n es ad m in is te red  to  p ig lets 
can  depress th e ir  p ro cesses  of defence th u s  fav o u rin g  th e  in s ta lla tio n  o f e x ­
p e r im e n ta l e ry sip e las . P ig le ts  su b m itte d  to  co rtico ste ro id  t r e a tm e n t before  
in fec tio n  d isp lay  in c re a se d  suscep tib ility  a llo w in g  th e  rep ro d u c tio n  of se p ti- 
caem ic  or cu tan eo u s  e rysipe las. In o cu la tin g  c u ltu re  d ilu tions in tra d e rm a lly  th e  
m in im a l c o n ta m in a tin g  dose can be t i t r a te d  a n d  th u s  th e  degree o f p a th o g e n ­
ic i ty  o f  stra in s a n d  th e i r  epizootic p o te n tia l  c an  be assum ed. C orticostero id - 
depression  (CSD) o ffe rs a possib ility  of te s t in g  th e  p ro tec tiv e  value  o f vaccines 
a n d  im m une se ra , as v a c c in a ted  pig lets on  CSD back g ro u n d  resist to  e x p e ri­
m e n ta l in fection . In  co m p ariso n  w ith  o th e r  te c h n iq u e s , th e  m eth o d  described  
possesses th e  a d v a n ta g e  o f  co n stan tly  o ffe rin g  rep roduc ib le  d a ta .

MICRO METHOD FOR DETERMINATION OF THE 
MINIMAL INHIBITORY CONCENTRATION OF 

ANTIBIOTICS IN CLINICAL ISOLATES OF 
BACTEROIDES

M. B e n k ő , E. N a g y , C. H o h n e  a n d  J . F ö l d e s

Department o f Clinical Microbiology, University Medical School, Szeged, Hungary , 
and Department o f M edical Microbiology and Epidem iology , Martin-Luther U niversity, 

Halle- Wittenberg, H alle , GDR

The m in im al in h ib ito ry  co n c e n tra tio n s  (MIC) of 8 an tib io tic s  w ere 
d e te rm in ed  w ith  a m icro  m ethod  in  91 c lin ica l iso lates o f Bacteroides. T he 
m icro  MIC m e th o d  a n d  th e  disk d iffusion  te s t  show ed 90 .1%  ag reem en t. 
F o r  50 Bacteroides s tra in s , th e  overall a g re e m e n t betw een  th e  m icro M IC 
a n d  th e  classical a g a r  d ilu tio n  MIC was 8 9 % .
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SURVEY OF MYCOPLASMA PNEUMONIAE 
INFECTIONS BY GROWTH INHIBITION TEST

N. S zabó

N a t io n a l  I n s t i tu te  f o r  T u b e r c u lo s is  a n d  P u lm o n o lo g y  “ K o r á n y i” , B u d a p e s t

G row th  in h ib itio n  te s ts  wore p erfo rm ed  in ch ild ren  an d  in a d u lts  su ffe r­
ing  from  d iffe ren t re sp ira to ry  d iseases in o rd er to  verify  M ycoplasm a p n e u ­
m oniae  in fec tion . In  S zab o lcs-S za tm ár co u n ty  th e re  w as an  u n u su a lly  h igh 
p ro p o rtio n  of in fec ted  persons w hen  com pared  w ith  o th e r  p a r ts  o f th e  c o u n try . 
F if ty  p er cen t o f th e  m a te ria l o b ta in e d  from  th is  co u n ty  was found  po sitiv e  
w hile in  m a te ria l o b ta in ed  from  th e  rest o f H u n g a ry  th is  ra tio  was o n ly  10% .

SODIUM-DEPENDENT UPTAKE OF TAURINE IN 
STAPHYLOCOCCI

«

B . J .  W i l k i n s o n , E . J .  B i e b e r  and D .  W e r k m e i s t e r

M ic r o b io lo g y  G r o u p , D e p a r tm e n t  o f  B io lo g ic a l S c ie n c e s , I l l in o i s  S ta le  U n iv e r s i t y ,
N o r m a l ,  I I I . ,  U S A

A  novel u p ta k e  system  fo r th e  unu su a l am ino acid ta u r in e  w as d isco v er­
ed  in  en cap su la ted  Staphylococcus aureus s tra in  M. T au rin e  has been  show n 
to  be a cap su la r po lysaccharide  co m ponen t in  th is  s tra in . T au rin e  u p ta k e  b y  
cells in buffer was d ep en d en t u p o n  N a +, s tim u la te d  b y  glucose and  m a rk e d ly  
a ffec ted  b y  te m p e ra tu re . T a u rin e  u p ta k e  was a sa tu ra b le  process a n d  Line- 
w e a v e r-B u rk  p lo ts revealed  a K M  of 43 p.M for ta u r in e  in th e  p resence  of 
10 him  NaCl. L i+ was th e  on ly  o th e r  ca tion  th a t  su p p o rte d  ta u r in e  u p ta k e . 
R a d io a c tiv ity  ta k e n  up  was n o t caused  to  efflux  by  h igh  levels of u n lab e lled  
ta u r in e , an d  the  ra d io a c tiv ity  d id  no t ch ro m a to g rap h  as ta u r in e  in d ica tin g  
th a t  rap id  m etabo lism  occurs d u rin g  or closely follow ing u p ta k e . T a u rin e  u p ­
ta k e  was a h igh ly  specific p rocess th a t  was n o t d im in ished  by am ino  acids 
rep re sen tin g  th e  m ajo r g roups o f  am ino  acid  tra n sp o r t  sy stem s in S . aureus. 
S u lfh y d ry l g roup  reag en ts , e lec tro n  tra n s p o r t  in h ib ito rs , an u n co u p le r an d  
in h ib ito rs  of N a +-linked t r a n s p o r t  processes in h ib ited  ta u r in e  u p ta k e . An N a +- 
d ep en d en t ta u r in e  u p ta k e  sy s tem  seem s to  be a com m on p ro p e r ty  o f s ta p h y lo ­
cocci since it  was d e tec ted  in m o s t coagulase-positive an d  -n eg a tiv e  s ta p h y lo ­
coccal species, en cap su la ted  a n d  u n en cap su la ted , ex am ined .

Ida Microbiologies Hu ugróira 31, 1984
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ISOLATION OF ATYPICAL CORYNEBACTERIA

B.S. R a l o v i c h , M. K e n y e r e s  and R . E .  W e a v e r

I n s t i t u t e  o f  H y g ie n e  a n d  E p id e m io lo g y , U n iv e r s i t y  M e d ic a l  S c h o o l, P é c s , H u n g a r y ,
3 r d  A r m y  H o s p i ta l , P é c s , H u n g a r y ,  a n d  C e n te rs  f o r  D ise a se s  C o n tr o l, A t la n ta ,  U S A

Tw o a ty p ica l Corynebacterium  s tra in s  w ere iso la ted  from  tw o d ifferen t 
p a t ie n ts ;  one of th e  s tra in s  o rig ina ted  from  a m a n d ib u la r  f is tu la  o f a 60 years 
o ld  m a n , th e  o ther one fro m  vag inal d ischarge  as well as th r o a t  sw ab of a 35 
y e a rs  old ab o rted  w om an . T h e  first Corynebacterium  be longed  to  F-2 group , 
th e  second one to  B-3 g ro u p .

ISOLATIONS OF CLOSTRIDIUM DIFFICILE IN 
VESZPRÉM COUNTY

M. GAOS and L .G . OSZIPENKO 

P u b l i c  H e a lth  S ta t io n ,  V e s z p r é m

F o r the  iso la tion  fro m  stools of C lostridium  d iffic ile  we ex am in ed  stools 
o f  p a t ie n ts  w ith  d ia rrh o e a l d isease, com ing from  th e  d iffe ren t d e p a rtm e n ts  of 
h o sp ita ls . The cy c lo se rin e -ce fo x itin  fru c to se  egg yo lk  a g a r described  by  
G eorge  e t al. has been used . O u t of 314 faecal specim ens 14 y ie ld ed  C. d iffic ile . 
C. d if f ic ile  was im p lic a te d  as aetiological a g e n t o f an tim ic ro b ia l-asso c ia ted  
d ia r rh o e a  in some o f th e  cases. C. diffic ile  w as recovered  fro m  tw o C am pylo­
bacter je ju n i-p o s itiv e  p a t ie n ts  and  from  one Salm onella en teritid is-positive 
p a t ie n t .

THE CHARACTERISTICS OF PHOSPHOLIPASE-C 
FORMATION IN CLOSTRIDIUM PERFRINGENS

STRAINS

J .  S z íj á r t ó  and G y. D ó b iá s

P o s tg r a d u a te  M e d ic a l S c h o o l , B u d a p e s t

T h e  dynam ism  o f phoph lipase-C  p ro d u c tio n  o f 60 C lostridium  perfringens  
s t r a in s  w as in v es tig a ted  acco rd in g  to  our m e th o d  described  before  in 5 para lle l 
sa m p le s  in  te s t tu b es. T h e  g re a t  m a jo rity  o f th e  s tra in s  (11/14) w ith  a m ax im al 
to x in  q u a n ti ty  above 1000 U /L  reached  th is  level in  th e  5 th  h o u r  o f th e  cu ltiva-
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tio n . T he m ax im al to x in  q u a n tity  o f th e  c u ltu re  su p e rn a ta n ts  decreased  u n d e r  
5 0%  h y  th e  2 4 th  h o u r in  21 of 28 s tra in s  w hen  th e  p eak  of phospho lipase-C  
a c tiv ity  was above 500 U /L , h u t w hen  i t  w as u n d e r  500 U /L  such a d ec rease  
was show n only in 9 o f  32 stra in s . W ith  g re a t p ro b a b ility  th is  p h en o m en o n  
is caused  h y  fac to rs  h in d erin g  the e ffec t o f phospho lipase-C . It seems t h a t  th e se  
fac to rs  w ere p ro d u ced  p ro p o rtio n a lly  w ith  th e  q u a n ti ty  of phospho lipase-C . 
F u r th e r  in v es tig a tio n s  arc  req u ired  to  id e n tify  th e  n a tu re  of these  fa c to rs .

DIAGNOSTIC METHODS OF LEGIONELLA 
INFECTION

B.S . R a l o v i c h , S. P á c s a , S. V ö r ö s  and Í. K ő h e g y i

I n s t i tu te  o f  H y g ie n e  a n d  E p id e m io lo g y , I n s t i t u t e  o f  M ic r o b io lo g y , U n iv e r s i ty  M é d i r a i  
S c h o o l , P ees, a n d  P u b lic  H e a lth  S ta t io n , P ees

R a b b its  w ere im m u n ized  w ith  th e  a n tig e n  p rep a red  from CDC re fe ren ce  
s tra in  Legionella pneum oph ila  ty p e  1. R a b b it  im m unog lobu lin s lab e lled  w ith  
p ero x id ase  were used  to  de tec t lég ionéba . In  15%  of 403 sera co llec ted  from  
h e a lth y  persons of d iffe ren t age an tib o d ie s  could  be d e tec ted  in 1:16 d ilu tio n . 
T he t i t r e  o f th e  rem a in in g  sam ples Mas low er.

SERO- AIND PHAGE-TYPES OF LISTERIA STRAINS

B.S. R a l o v ic h , A. A u d u r i e r , I . H a j t ó s , E . B e r k e s s y  N. S z e m e r é d i

and M .  P lT R O N

I n s t i tu te  o f  H y g ie n e  a n d  E p id e m io lo g y ,  U n iv e r s i t y  M é d ir a i  S ch o o l. P écs, H u n g a r y ,  
U n iv e r s i t y  F r a n c o is -R a b e la is ,  L a b o r a to ir e  de M ic r o b io lo g ie ,  T o u r s ,  F r a n c e ,

A n i m a l  H e a lth  L a b o r a to r y , M is k o lc ,  C o u n ty  P u b lic  H e a lth  S ta t io n ,  M is k o lc ,  H u n g a r y ,  
a n d  U n re in e  C o n tr o l I n s t i tu te  o f  V e te r in a r y  M e d ic in e ,  B u d a p e s t ,  H u n g a r y

N asal, faecal, v ag in a l and m ilk  sam ples w ere ta k e n  rep ea ted ly  a t  e v e ry  
2nd 6 th  d ay  from  50 h e a lth y , sheep d es ig n a ted  in d iv id u a lly  and  k e p t to g e th e r  
for 5 w eeks m ax im u m . O u t of 814 sam p les  148 were positive and  152 L isteria  
s tra in s  w ere iso la ted ; 75 %  of th e  s tra in s  be lo n g ed  to  sero ty p e  1/2, th e  o th e rs  
to  se ro ty p es 4, 5 a n d  6. A few s tra in s  could  n o t be se ro typed . F ro m  a g iven  
an im al, in th e  sam e tim e , Listeria  s tra in s  w ith  th e  sam e sero- an d  p h a g e - ty p e  
or w ith  the  sam e sero- b u t d iffe ren t p h a g e -ty p e , or ra re ly , w ith  d iffe re n t 
se ro ty p e  can  be iso la ted . W hen th e  sam ples w ere ta k e n  from  th e  sam e a n im a ls  
a t  d iffe ren t po in ts  o f tim e , the sero- as Mrell as p hage-types were so m e tim es  
d iffe ren t. In  th e  second  s tu d y  L . monocytogenes s tra in s  iso lated  in  B o rso d - 
A baú j-Z em plén  c o u n ty  from  dead  an im a ls  a n d  ill p a tie n ts  were ty p e d  a n d

1 Acta Microbiologica Hungarica 31, 1981
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c o m p a re d . O ut o f th e  101 an im al s tra in s  84 belonged  to  sero ty p e  1/2 a n d  on ly  
17 to  se ro ty p e  4. In  case o f  th e  hum an  s tr a in s , 6 o u t of th e  8 were se ro ty p e  4 
a n d  o n ly  2 w ere se ro ty p e  1/2. A nim al a n d  h u m a n  s tra in s  differed  in phage- 
ty p e .

SEPSIS OF FETUS CAUSED BY LISTERIA 
MONOCYTOGENES

E . M á r k u s  and J .  D u r s t

C o u n ty  C o u n c i l 's  H e té n y i  G éza H o s p i ta l ,  a n d  P u b lic  H ea lth  S ta t io n ,  S z o ln o k

A  3100 g in fa n t h o rn  in the  38th w eek  o f p regnancy  developed  sepsis 
a n d  d ied  on th e  second  d ay . Listeria monocytogenes was cu ltu red  from  th e  CSF 
a n d  p u s  o b ta in ed  fro m  th e  eyes. D uring  p re g n a n c y  th e  m o th er h ad  a d isease 
re se m b lin g  grippe w ith  a m odera te  p y re x ia .

IDENTIFICATION AND OCCURRENCE OF COAGULASE- 
NEGATIVE STAPHYLOCOCCI IN 

CLINICAL SPECIMENS

1. B ar c s  and M. K o n k o l y  T h e g e

L á s z ló  H o s p i ta l  f o r  I n fe c t io u s  D ise a se s , a n d  N a t i o n a l  I n s t i tu te  o f  H y g ie n e .  B u d a p e s t

A ccord ing  to  new est tax o n o m y , th e  Staphylococcus genus is d iv id ed  in to  
13 species. On th e  b asis  o f 24 easily p e rfo rm a b le  te s ts  an  id e n tific a tio n  schem e 
h as b een  e lab o ra ted  for coagu lase-nega tive  species. A to ta l  of 208 s tra in s  
iso la te d  from  p a tie n ts  w as classified. In  e v e ry  k in d  of sam ples S. ep iderm id is  
o c c u rre d  th e  m o st f re q u e n tly  (w ound 2 5 .0 % ; u rine  29 .0% ; b lood  5 4 .1 % ; 
eye 5 3 .4 % ; o th e r specim ens 38.9% ). In w o u n d  haem o ly tic  species (S . ep id erm i­
d is , S . haem olyticus, S . sim u lons, S. tearneri, S . cohnii)  p red o m in a ted  (74 .9% ). 
T h e  m a jo r ity  o f s tra in s  from  blood c u ltu re d  w as assum ed to  be c o n ta m in a n ts . 
T h e  in c id en ce  o f o xacillin  an d  cep h a lo sp o rin  re s is ta n t s tra in s  w as low  (13%  
a n d  8 % ). A co n sid erab le  p a r t  o f s tra in s  w as re s is tan t to  o th e r  a n tib io tic s , 
e sp ec ia lly  to  penicillin .

Acla Micrubiologica Hangar tea 31, 1934
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IDENTIFICATION OF ANTIGENIC COMPONENTS 
OF TOXOPLASMA GONDII BY AN 

IMMENOBEOTTING TECHNIQUE

P. P a r t a n e n , H..T. T u r u n e n , R . P a a s i v u o , E .  F o r s b l o m , J .  S ü n i  and
P . L e i n i k k i

L a b s y s te m s  R e se a r c h  L a b o ra to r ie s , L a b s y s te m s  O y , H e l s i n k i .  I n s t i t u t e  o f  B io m e d ic a l  
S c ie n c e s , U n iv e r s i t y  o f  T a m p e r e , T a m p e r e ,  a n d  M u n i c i p a l  B a c te r io lo g ic a l L a b o r a to r y ,  

A u r o r a  H o s p i t a l ,  H e l s in k i ,  F in l a n d

P ro te in s  o f  Toxoplasma g o n d ii  were s e p a ra te d  by  p o ly acry lam id e  gel 
e lec trophoresis w ith  subsequen t tr a n s fe r  to  a n itrocellu lo se  sheet by  e le c tro ­
ph o re tic  b lo ttin g . Im m unolog ica lly  reac tiv e  p o ly p ep tid es  were d e te c te d  by  
h u m an  sera w ith  know n to x o p la sm a  a n tib o d y  levels m easured  using  en zy m e 
im m u n o assay . H e a v y  chain sp ec ilic , p e ro x id ase -co n ju g ated  a n ti-h u m a n  
im m unog lobu lin s w ere used as th e  in d ic a to r  an tib o d ies  for th e  s e p a ra te  
id e n tific a tio n  o f Ig G  and  IgM re a c tiv e  p o ly p ep tid es . IgG  toxop lasm a an tib o d ie s  
re a c te d  w ith  sev e ra l antigens w ith  m olecu lar w eigh ts ap p ro x im a te ly  fro m  27 
kD  to  67 kD  w hile toxoplasm a specific  IgM  seem ed to  d e tec t o n ly  a few  
p o ly p ep tid es . T h e  toxop lasm a spec ific  IgM  re a c tiv e  po lypep tides m ig h t h av e  
som e specific  ro le  in im m un o p ath o g en esis  o f toxop lasm osis. E sp ec ia lly  th e  
m olecular w eigh t of 35 k P  for th e  d o m in a tin g  IgM  reac tiv e  p o ly p ep tid e  w as 
observed.

ACUTE SEROUS MENINGITIS CAUSED BY 
TOXOPLASMA GONDII

G. V u k m i r o v it s , P. J u h á s z , M. J a n k ó  and L. T óth

L á s z ló  H o s p i ta l  f o r  In fe c t io u s  D is e a s e s , a n d  N a t io n a l  I n s t i t u t e  o f  H y g ie n e ,
B u d a p e s t

A cute serous m eningitis o f  a 4 -year-o ld  ch ild  was observed. In  th e  C SF 
th e  taeh y zo ite s  cou ld  be d e m o n s tra te d  by  G iem sa s ta in in g  m ethod  as w ell as 
by  an im al in o cu la tio n . The c o n tro l o f  th e  d isease could be accom plished by an 
ad e q u a te  t r e a tm e n t .  According to  th e  ev a lu a tio n  o f the  sm ears, sero logical 
find ings an d  l i te ra ry  da ta  it w as suggested  th a t  th e  ro u te  of in fec tio n  w as 
d irec tly  th ro u g h  th e  nasal c a v ity .

7* A d a  Microbiologica Hungarica 31, 1981
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COMPARATIVE ANALYSIS OF PHYSICAL ANJ) 

CHEMICAL PROPERTIES AND ANTIGENIC 
SPECIFICITY OF HEXONS OF TWO SLBSTRAINS 

OF ADENOVTRUS TYPE 1

N .S . D y a c h e n k o ,  L.A . T a r a s s i s h i n ,  G y. B e r e n c s i ,  É .  Á d á m ,  I. N á s z ,  

N .P . V a n t s a k ,  G.G. K o v a l i s h i n  a n d  E .K . K i s e l e v a

Zabolotny Insti tute o f  Microbiology and Virology o f  Academy o f  Sciences o f  the 
U kra in ia n  S S H , K iev , U S S R ,  and Institute o f  Microbiology, Semmelweis University  

Medical School, Budapest,  Hungary

P h y sica l an d  chem ical p roperties a n d  th e  hexon an tigen ic  s tru c tu re  
o f  tw o  su h s tra in s  o rig in a tin g  from  th e  s ta n d a rd  s tra in  Ad h 1 (A d 71) of 
h u m a n  aden o v iru s  ty p e  I were s tud ied . S u b s tra in  Ad h IK  and  su b s tra in  
A d h  IB  had  been passaged  for a long p e rio d  in  cell cu ltu res of h u m a n  origin 
in  th e  K iev  In s t i tu te  an d  in  th e  B u d a p e s t In s t i tu te ,  resp ec tiv e ly . H exon 
p re p a ra t io n s  were p u rif ied , s to red  for a long  tim e  and su b jec ted  to  e lec tro ­
p h o re s is  in SDS gel. T he p o lypep tides w ere d iffe ren t in m o lecu la r w eight 
(A d h  IB  p o ly p ep tid e , 120 k D ; Ad h IK  p o ly p e p tid e , 105 kD ). H exons were 
t r e a te d  w ith  c h y m o try p s in  an d  the  p e p tid e s  w ere m apped . B esides com m on 
p e p tid e s , tw o unique p ep tid e s  were found  in  h ex o n  Ad h IK  an d  six  in  hexon  
A d h  IB . T he resu lts  w ere con firm ed  by  m a p p in g  o f a m ix tu re  o f c h y m o try p s in  
h y d ro ly sa te s  o f b o th  hexons. I t  seems th a t  s lig h t differences in th e  p r im a ry  
s t r u c tu r e  m ade hexon  A d h  IK  m ore sen s itiv e  to  pro teases an d  th e  re su ltin g  
m o re  in ten se  p ro teo lysis  acco u n ted  for its  low er m olecular w eight. Im m u n o ­
d iffu sio n  w ith  m onospecific  sera to  each o f  th e  tw o hexons and  inc lusion  of 
A d S-16 in th e  re a c tio n  gave an o p p o r tu n ity  to  iden tify  un iq u e  an tig en ic  
d e te rm in a n ts  in  each o f th e  hexons. R esu lts  o f  co m p etitiv e  R IA  also show ed 
d iffe ren ces in th e  an tig en ic  s tru c tu re  of th e  tw o  hexons. The d ifferences, w hich 
m a y  to u c h  th e  ty p e-sp ec ific  d e te rm in a n t, a re  suggestive o f som e in tra ty p ic  
v a r ia b i l i ty  o f aden o v iru s  hexon .
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COMPARATIVE ANALYSIS OF TWO SUBSTRAINS 
OF ADENOVIRUS TYPE J

L .N . N o s a c h , L.A . T a r a s s is h iin , N.S. D y a c h e n k o , Gy. B e r e n c s i  and
1. N ász

Z a b o lo tn y  I n s t i tu te  o f  M ic r o b io lo g y  a n d  V ir o lo g y  o f  A c a d e m y  o f  S c ie n c e s  o f  th e  U k r a in ia n  
S S R , K i e v , U S S R ,  a n d  I n s t i tu te  o f  M ic r o b io lo g y , S e m m e lw e is  U n iv e r s i ty  M e d ic a l  S c h o o l ,

B u d a p e s t , H u n g a r y

T he su b stra in s  ex am in ed  in th is  w ork (Ad h IB , Ad h IK ), w ere th e  
sam e as those  ch a rac te rized  in th e  p reced ing  p a p e r . T he syn thesis  o f  v irus- 
specific  po lypep tides a n d  th e  d ev e lo p m en t of in tra n u c le a r  inclusions were 
s tu d ie d  in in fec ted  H eL a  cells. F o r ty  hours a f te r  in fec tio n  m ain ly  m a jo r  v iral 
po ly p ep tid es  11. I l l ,  I l l a ,  IV , V, V I and  V II an d  n o n s tru c tu ra l p o ly p ep tid e  
IO O K  were revealed  by  gel e lec trophoresis in  ly sa te s  o f cells m ark ed  w ith  
I4C p ro te in  lysa tes. T he p u rified  hexons p re p a re d  from  the tw o su b s tra in s  
w ere d ifferen t from  each  o th e r in  th e ir  p o ly p e p tid e  sp ec tru m  a n d  in the  
e lec tro p h o re tic  m o b ility  o f  p o ly p ep tid e  II . B y lu m in escen t m icroscopy of 
cells fluorochrom ized  w ith  acried ine  o range som e differences were observed  
in th e  m orphology  o f inclusions a n d  in the  degree of m onolayer a ffec tion . 
In  cell cu ltu res  in fec ted  by  A d h IK , inclusions w ere seen in 80%  o f th e  cells: 
while la te  c e n tra n u c lea r  inclusions p reva iled , f in e ly -g ra n u la te d  y o u n g er in c lu ­
sions w ere also seen in  p a r t  o f th e  cells. In  cells in fe c te d  b y  su b stra in  Ad h IB  
on ly  c e n tra n u c lea r  inc lusions w ere d e tec ted , in  p ra c tic a lly  all m o n o lay er 
cells. In  cells in fec ted  by  e ith e r o f  th e  su b s tra in s , r ib am id il (virasol) in  a 
c o n c e n tra tio n  of 31 и g /in l p re v e n te d  f in e ly -g ra n u la te d  inclusions from  being 
tran sfo rm ed  to  c e n tra n u c lea r , a phenom enon  m ore  d is tin c tly  seen in cells 
in fec ted  by  Ad h IB  th a n  in tho se  in fec ted  b y  Ad h IK .

DETECTION OF ANTIBODY-MEDIATED 
AGGREGATION OF ADENOVIRUS BY ETHIDIUM 

BROMIDE FLUORESCENCE

G y. B e r e n c s i , N.S. D y a c h e n k o , L. P a l k o n y a y , N .P . Va n t s a k  and
I. N asz

I n s t i t u t e  o f  M ic r o b io lo g y , S e m m e lw e is  U n iv e r s i ty  M é d ir a i  S c h o o l, l iu d a p e s t ,  H u n g a r y ,  
a n d  Z a b o lo tn y  I n s t i t u t e  o f  M ic r o b io lo g y  a n d  V ir o lo g y  o f  ten d en cy  o f  S c ie n c e s  o f  th e  

U k r a in ia n  S S R ,  K ie v ,  U S S R

C om plete v irions of ad en o v iru s  can be s ta in e d  w ith  e th id iu m  b rom ide , 
and  d e tec ted  in agarose gels by  flu o rescen t p h o to g ra p h y . Visible b a n d s  m ay  
be o b ta in e d  w hen 108 p a rtic le s  (ap p ro x im a te ly  107 P F U ) are  run  in one e le c tro ­
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p h o re s is  sam ple, w hich can  he o b ta in ed  from  105 to  107 cells o f  perm issive 
tis su e  cu ltu res . P u rified  co m p le te  virions o f h u m a n  adenov irus ty p e  1 s tra in  
(A d h  1) were reac ted  w ith  seria l d ilu tions o f  an tise ra  p re p a re d  in  ra b b its  
a g a in s t  n a tiv e  or SDS-, a n d  g u an id in e -H G l-trea ted  v irions o f th e  hom ologous 
v iru s , ag a in s t pu rified  h e x o n , an d  fib re  p re p a ra tio n s , and  h e te ro logous (bov­
in e , a n d  sim ian) ad en o v iru ses . T ype-specific  an tib o d ies  p re v e n te d  th e  p e n e tra ­
tio n  o f  v irions in to  th e  6 m g /cm 5 agarose slab  gels during  e lec tro p h o res is . The 
a n t ib o d y  titre s  m easu red  b y  th is  techn ique  w ere found  to  be at le a s t 10 tim es 
h ig h e r  th a n  those d e te rm in e d  by im m unod iffu sion  w ith  so luble  an tigens, 
a l th o u g h  only a very  sm all p ro p o rtio n  o f an tib o d ie s  re a c t w ith  su rface  ep i­
to p e s .

MORPHOLOGICAL BASES OF THE HNTERCAPSOMER 
BONDINGS IN THE ADENOVIRUS CAPSID

É .  A dam  and 1. N ász

I n s t i tu te  o f  M ic r o b io lo g y , S e m m e lw e is  U n iv e r s i t y  M e d ic a l  S c h o o l, B u d a p e s t

T h e  in te rh ex o n a l sp ace  w ith in  the  ad en o v iru s  capsid  is b rid g ed  b y  in tcr- 
h e x o n a l  connective c o m p o n en ts . L inking  co m p o n en ts  are d e te c ta b le  also b e ­
tw e e n  p en to n s  and th e  fiv e  p e rip en to n a l hexons. A ccording to  re su lts  o b ta in ed  
b y  M a rk h a m ’s ro ta tio n a l in te g ra tio n  te c h n iq u e  connective e lem en ts  betw een 
c a p so m e rs  in terlace th e  w hole v irion . I t  w as confirm ed  in sev era l cases th a t  
th e  lin k in g  com ponen ts co n sis ted  of tw o  a p p ro x im a te ly  p a ra lle l elem ents. 
T h is  re fe rs  to  th a t  each h ex o n  is linked  by  six  tim es tw o p a ra lle l lin k in g  ele­
m e n ts  w ith  its six n e a re s t ne ig h b o u rs  in th e  capsid .

ELECTROPHORETICAL SEPA KATION OF 
NEWCASTLE DISEASE VIRUS PROTEINS BY 
MEANS OF A MODIFIED COLOURED SILVER

STAINING

I. H o r v á t h  L a p p

V e te r in a r y  M e d ic a l  R e s e a r c h  i n s t i t u t e ,  H u n g a r ia n  A c a d e m y  o f  S c ie n c e s ,  B u d a p e s t

P o lyacry lam ide  gel e lec trophoresis  is a com m on tech n iq u e  in  p u re  p ro te in  
iso la tio n . The pro te in  c o n ta in e d  by  th e  excised  an d  e lu ted  slice sam ples is 
co n s id e re d  to  be p u re , since  b y  Coom assie B rillia n t B lue s ta in in g  th e  sam ples 
g iv e  a one-striped  p a t te rn .  U sing  th e  silver s ta in in g  m eth o d , w hich  is m uch
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m ore sen sitive  th a n  th e  co n v en tio n a l p ro ced u res , th e  once excised  slice 
sam ples show  a m ark ed  a m o u n t o f  im p u re  p ro te in s  w hich can  only he rem oved  
b y  p u rify in g  step s  rep e a te d  tw o o r th ree  tim es. T h e  m odified  coloured silver 
s ta in in g  m eth o d  w as developed  from  th e  m e th o d s  o f M erril an d  S am m ons. 
I t  req u ires  a s ig n ifican tly  s h o r te r  p rocedure  tim e , p roduces a lig h te r  yellow  
b a c k g ro u n d , and  is as sen sitive  as th e  o rig inal co lou red  silver s ta in in g  m eth o d .

STUDY ON THE CAPSID PROTEINS OF EDS VIRUS

Ë .  B á l l á , A. F o r g á c s - F u l m e r , L. Z s á k , M. N e m e s i , T .  P e r é n y i  and
F . SÓLYOM

P h y la x ia  V e te r in a r y  B io lo g ic a ls  C o. V ir u s  S e c tio n , a n i l  R e s e a r c h  I n s t i tu te  o f  V e te r in a r y  
S c ie n c e s , H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , B u d a p e s t

E D S  v iru s  grow n in d u c k ’s eggs Mas p u rif ied  h y  u ltra c e n tr ifu g a tio n  
on CsCl g ra d ie n t. The capsid  p ro te in s  were se p a ra te d  in 12%  gel un d er red u ced  
cond itions b y  m eans of S D S -po lyacry l am ide  e lec trophoresis . T he p ro te in  
b an d s  of th e  gel were t ra n s m itte d  m echan ically  b y  m eans o f pressing on to  th e  
c e llu lo se -n itra te -ace ta te  m em b ran e . The m em b ran e  Mas s ta in ed  w ith  th e  
im m u n p ero x id ase  m ethod , w hile th e  gel w ith B rillian t B lue R-250. B y m eans 
o f su itab le  m olecu lar-w eigh t s ta n d a rd , th e  m o lecu la r M eight o f p ro te in  (a n ti­
gen) ac tiv e  w ith  im m u n o p ero x id ase  sta in in g  was d e te rm in ed  a t 17 000 d a lto n . 
A fter in a c tiv a tio n  carried  o u t w ith  d ifferen t in a c tiv a tin g  agen ts (fo rm aldehyde , 
e th y len e  im ine , az irid in o -e th an o l, b e ta -p ro p io lac to n e ) th e  v irus p ro te in s  w ere 
te s te d  w ith  th e  above m eth o d . P ro te in  ex isting  in  th e  reg ion  of la rger m o lecu lar 
w eigh t show ed an tig en  s ta in in g  on th e  fo rm a ld eh y d e  a c tiv ity , th e  o th e r  
in a c tiv a tin g  ag en ts  d id  n o t elicit a lte ra tio n  in  th e  p ro te in  an tigen .

MOLECULAR SIZE VARIATION OF ERNA IS 
DETERMINED BY THE ЕВ-VIRAL GENOME

E. G e r g e l y , L. St e r n a s  and G. K l e i n

I n s t i t u t e  o f  M ic r o b io lo g y , U n iv e r s i t y  M e d ic a l  S c h o o l, D e b re c e n , H u n g a r y ,  
a n d  D e p a r tm e n t  o f  T u m o r  B io lo g y , K a r o l in s k a  I n s t i t u t e ,  S to c k h o lm , S w e d e n

T he size classes o f th e  E p s te in  B a rr  v iru s-(E B Y )-in d u ced  n u c lea r a n t i ­
gen (E B N A ) h av e  been d e te rm in ed  in som atic  h y b rid s  b e tw een  E B V -carry ing  
cell lines or be tw een  E B Y -positive  an d  E B Y -n eg a tiv e  lines, and  in sublines 
o f tw o o rig ina lly  E B V -nega tive  B u rk itt  ly m p h o m as, co n v erted  to  E B N A  
p ositive  by  in  v itro  in fec tion  w ith  tw o d iffe ren t EB Y  su b stra in s . P a r tia lly
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p u r if ie d  E B N A  com p o n en ts  w ere d e tec ted  b y  W este rn  b lo ttin g  an d  su b seq u en t 
v isu a liz a tio n  by  a n tise ru m /a lk a lin e  p h o sp h a tase -co u p led  p ro te in  A com plexes. 
T h e  p a re n ta l  R a ji, P 3 H R -1 , N am alw a an d  D au d i cells c o n ta in e d  E B N A  
c o m p o n e n ts  of d iffe ren t m o lecu la r-w eig h t classes. In  ad d itio n , sev era l low er 
m o le c u la r  w eight co m p o n en ts  were seen as well d is tin c tiv e  for each  cell line. 
S o m a tic  hy b rid s  exp ressed  th e  m ain  E B N A  com ponen ts of b o th  p a re n ta l  lines. 
H y b r id s  betw een  E B V -ca rry in g  an d  E B V -genom e-negative  lines co n ta in ed  
th e  c h a ra c te r is tic  E B N A  c o m p o n en t o f th e  positive p a re n t. T he EB N A - 
p o s itiv e  sublines of th e  o rig in a lly  E B V -n eg a tiv e  R am os an d  B JA B  ly m p h o m as 
c o n ta in e d  th e  m ain  E B N A  com ponen ts ch a rac te ris tic  o f th e  v iru s  donor 
s t r a in .  T h u s, th e  E B N A  co m p o n en ts  o f P 3 H R -1  v iru s-co n v e rted  R am os and  
B J A B  cells resem bled  each  o th e r  an d  th e  P 3 H R -1  donor, w hereas all B95 8 
v iru s -c o n v e rte d  lines w ere d iffe ren t. T hey  resem b led  each o th e r  an d  th e  E B N A  
o f th e  B 9 5 -8  cell line, i t  is concluded  th a t  th e  size v a r ia tio n  o f E B N A  is 
d e te rm in e d  by th e  v ira l genom e.

NEW RESTRICTION ENDONUCLEASES FROM 
ST R EPTO CO CCUS I SOLATES

P. G e c k , M. T a k á c s , I. N á s z  a n d  M. O r s ó s

Institu te  o f M icrobiology, Sem m elw eis U niversity  Medical School, Budapest

C erta in  s tra in s  o f s trep to co cc i o f th e  v irid an s  g roup  c a n n o t be t r a n s ­
fo rm e d  by  foreign D N A . As a reason  a th u s  fa r u n know n  re s tr ic tio n  m odifica­
t io n  sy s tem  m ay be assu m ed . On th is  th e o re tic a l basis th re e  d iffe ren t re s tr ic ­
tio n  endonucleases w ere id e n tif ie d  from  s ta n d a rd  an d  w ild s tra in s . T he o p tim a l 
p u r if ic a t io n  m ethod  of th e  enzym es and  th e  cond itions of enzym e a c tiv ity  are 
e s ta b lish e d . T ak ing  a d v a n ta g e  of ph y sica l m aps c o n stru c ted  on th e  DNAs 
o f a d e n o v iru s  ty p e  1 an d  S Y 10 th e  c h a ra c te riz a tio n  of th e  reco g n itio n  sequence 
is u n d e r  in v es tig a tio n .

PHYSICAL MAPS OF A NEW STREPTOCOCCUS 
RESTRICTION ENDONUCLEASE ON THE DNA 

OF ADENOVIRUS TYPE 1 AND SV40
P .  G e c k  and  1. N á s z

Institu te  o f M icrobiology , Semmelw eis U niversity  M edical School, Budapest

O ne of th e  s trep to co ccu s  re s tr ic tio n  endonucleases h av in g  been iso la ted  
in th is  la b o ra to ry  cu ts  th e  D N A s o f ad en o v iru s  ty p e  1 an d  S V I0 to  frag m en ts  
r a n g in g  in  num ber like th e  p ro d u c ts  of re s tr ic tio n  enzym es o f h igh  specific ity .
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T he location  o f c leavage poin ts w ere, how ever, u n k n o w n . In  th e  p re sen t e x ­
p e rim en ts  th e  ph y sica l m aps w ere e stab lish ed  b y  th e  m ethods of doub le  
d igestions, cross d igestions and th e  analyses o f in co m p le te  fragm en ts.

GROUPING OF FOWL ADENOVIRUSES BASED 
UPON THE RESTRICTION PATTERNS OF DNA 

GENERATED BY BAM HI AND HIND III

L. Z s á k  and J . K is a r y

Veterinary M edical Research In s titu te , H ungarian  A cadem y o f  Sciences, Budapest

Based upon th e  re s tr ic tio n  p a tte rn s  o f D N A s g en era ted  b y  re s tr ic tio n  
endonucleases B am  H I  an d  H ind  I I I ,  17 fowl a d en o v iru s  s tra in s  rep resen tin g  
11 sero ty p es w ere p laced  in to  5 g ro u p s, as follows. G roup  A: s tra in s  C ELO  
a n d  112; G roup B : s tra in s  340 a n d  T K -22; G roup C: s tra in s  K R -5 an d  C-2B; 
G roup  I): s tra in s  380, 685, SB -48, SB -49 and A -2; G ro u p  E : s tra in s  Y R -36 , 
C B -119, X - l l  H -6 , T R -59  and  764.

PRIMING ACTIVITY OF U EM AN INTERFERON 
TYPES IN COMPARISON WITH THEIR OTHER 

BIOLOGICAL EFFECTS

V. E n d r é s z , M. T ó t h , S. T ó t h , Y. Má n d i and I. B é l á d i

In stitu te  o f  M icrobiology, U niversity  M edical School, Szeged

The p rim ing  ac tiv ities  o f d iffe ren t IE N  ty p e s  (leukocy te  or a, f ib ro ­
b la s t or ß  and  im m u n e  or y IF N ) w ere com pared . In  a- an d  y -IF N -p ro d u c in g  
system s pu rified  a an d  ß  IF N s h a d  a m ore p ro n o u n ced  p rim ing  effect th a n  
p u rified  y  IF N  h ad . T he IF N  p ro d u c tio n  could he m ore effic ien tly  in fluenced  
by  IF N s  in а -th a n  in  y -IF N -p ro d u c in g  system . B esides p rim in g  a c tiv ity , o th e r  
bio logical effects of p u rified  a, ß  a n d  y IF N  p re p a ra tio n s  were te s ted . D esp ite  
its  low prim ing  a c tiv ity , y IF N  h a d  гг h igh an tice llu la r p o ten cy , while x and - 
ß  IF N s  h ad  a high p rim in g , hu t re la tiv  ely  low a n tice llu la r , a c tiv ity . A ugm  e n ta  
tio n  o f N K  by a, ß  a n d  y IF N s w as id en tica l.
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THE ROLE OE THE VIRAL DNA IN INTERFERON 
INDUCTION BY ADENOVIRUSES

M. T ó t h , Г. B é l á d i  and I. W e b e r

Institu te  o f  M icrobiology, U niversity  M edical School, Szeged, H u n g a ry , 
a n d  Centre H ospitalier U niversitaire , D epartm ent de Microbiologie, Sherbrooke , Canada

All h u m an  ad en o v iru ses  (Ad) te s te d  so fa r (18 se ro types) in d u ced  in te r ­
fe ro n  (IF N ) p ro d u c tio n  in  ch ick  cells. A d ty p e s  can he d iv ided  in to  tw o groups 
d e p e n d in g  on th e ir  in d u c in g  cap ac ities . M em bers of p o te n t an d  n o n p o te n t 
in d u c e r  groups in d u ced  IF N  of high ( 5 x l 0 :i IU /m l) an d  low  (50-100  IU /m l) 
t i t r e ,  re spec tive ly . E x p e rim e n ts  ca rried  o u t w ith  A d l2 , a re p re se n ta tiv e  
m e m b e r  o f p o te n t in d u cers , show ed th a t  v ira l nucleic acid p lay s an  im p o rta n t 
ro le  in  IF N  in d u c tio n . E m p ty  capsids lack in g  D N A  could n o t, com plete  and  
in c o m p le te  partic les c a rry in g  th e  w hole or p a r t  of th e  genom e cou ld , trig g er 
cells to  p roduce IF N . O ne f if th  of th e  genom e w as su ffic ien t for IF N  in d u c tio n . 
H y b rid iz a tio n  ex p erim en ts  p ro v ed  th a t  th e  subgenom ic D N A  req u ired  for 
in d u c tio n  is loca ted  to  th e  le f t end . T he ro le of v ira l D N A  in  IF N  in d uc tion  
w as in v e s tig a te d  in  th e  case o f A d2 a m em b er of th e  n o n p o te n t inducers, too . 
In  c o n tra s t  to  Ad 12 even e m p ty  Ad2 capsids induced  IF N , suggesting  th a t  
th e  v ira l core is n o t req u ired  for IF N  in d u c tio n  w ith  Ad2.

CONCANAVALIN A-INDUCED INTERFERON 
PRODUCTION BY CHICKEN

R. P u s z t a i , M. Z o b o k i , Y . M á n d i  and I. B é l á d i  

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

In te rfe ro n  (IF N ) w as in d u ced  in  leu k o cy te  suspensions b y  exposu re  to  
C o n can av a lin  A (Con A) u n d e r a v a r ie ty  o f cell cu ltu re  co n d itions. T he induced  
IF N  reached  a m ax im u m  level 4 day s a f te r  s tim u la tio n . T h e  Con A -induced 
I F N  is stab le  a t p H  2, lab ile  a t  56 °C, try p s in -sen sitiv e  a n d  species-specific. 
T h e  tu m o u r  p ro m o te r  1 2 -0 -te tra d e ca n o y lp h o rb o l-1 3 -a c e ta te  (TPA ) was 
fo u n d  to  p o te n tia te  IF N  p ro d u c tio n  in  leu k o cy te  cu ltu res  in  co m b in a tio n  
w ith  Con A.
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EFFECT OF INTERFERON ON ANTIBODY- 
DEPENDENT CELLULAR CYTOTOXICITY (ADCC)

IN CHICKENS
Y .  MÁNDI, M. BAKAY and I. BÉLÁDI 

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

T he in fluence  o f  ch icken  leu k o cy te  in te rfe ro n  (IFIN-a) on th e  ADCC of 
ch icken  p e riphera l b lood  m ononuclear cells w as in v es tig a ted  in  vivo an d  in 
v itro . The cy to to x ic  effect was s tu d ied  on sheep  red  b lood  cells (S11BC) coa ted  
w ith  chicken anti-SR B C . serum . C y to to x ic ity  w as e s tim a ted  in a ’'C r-rclease 
assay  system . A single i.v . in jec tio n  o f c ru d e  IF N  led to  an  enh an ced  ADCC 
6 to  12 h a fte r th e  IF N  in jec tion , w hereas th e  a c tiv ity  h ad  decreased  by  
24 h. In  v itro  th e  ADCC was boosted  w itb in  1 18 h b y  IF N , in a dose-depen ­
dent m anner. W e assum e th a t  th e  a u g m e n tin g  ag en t in  v itro  is IF N  itself, 
as p u rified  IF N  has a sim ilar a c tiv ity  b u t  b o th  m ock IF N  an d  try p s in - tre a te d  
IF N  show ed no en h an c in g  effect. T he e x te n t  o f  ADCC wras th e  h ighest in  th e  
case of g ran u lo cy tes  as effector cells. T h e  a u g m e n ta tio n  o f ADCC by  IFN-oc 
w as also m ost p ro n o u n ced  w ith  g ran u lo cy te s . I t  is concluded  th a t  ch icken  
IF N , sim ilarly  to  m am m alian  IF N , has an im m u n o m o d u la tin g  effect on th e  
ADCC in b irds.

263

TRANSLATION IN A. LAEVIS  OOCYTES OF THE 
POLY A-CONTAINING RNA FRACTION EXTRACTED 

FROM SENDAI VIRUS-INDUCED L CELLS

I. K o sZT Ó C Z Y , Zs. KÁLMÁN, О. SlROKI and I. BÉLÁDI 

Institu te  o f  Microbiology, U niversity  M edical School, Szeged

T ota l cy to p lasm ic  R N A  was iso la ted  from  S endai v iru s-induced  L  cells 
at th e  tim e  o f th e ir  m ax im um  in te rfe ro n  (IF N ) p ro d u c tio n . The poly  A plus 
R N A  frac tio n  w as se p a ra te d  by  m eans o f  o ligo-dT  cellulose ch ro m a to g rap h y . 
T he m olecu lar-w eigh t d is tr ib u tio n  o f th e  R N A  p re p a ra tio n s  was d e te rm in ed  
b y  h o rizo n ta l p o ly ac ry lam id e  gel e lec trophores is . T he tra n s la tio n a l ac tiv itie s  
o f  d iffe ren t R N A  frac tio n s  were assay ed  in X .  laevis oocytes. M icro in jection  
o f  th e  poly A p lus R N A  frac tion  re su lte d  in an  IF N  p ro d u c tio n  15-30-fold  
h ig h er th a n  th a t  from  to ta l  cy top lasm ic  R N A . T he k in e tics  of IF N  p ro d u c tio n  
b y  poly  A plus R N A  in jec ted  oocy tes show ed th a t  IF N  ap p ears  4 h a fte r  
in jec tio n  and  reaches th e  m ax im um  t i t r e  a f te r  30-40  h . T he IF N  p ro d u c tio n  
b y  th e  oocytes w as fo u n d  to  be p ro p o rtio n a l to  th e  a m o u n t of po ly  A plus 
R N A  presen t in th e  in jec ted  p re p a ra tio n s .
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EFFECTS OF FLAVONOIDS ON VIRUS MULTIPLICATION 
AND ON INTRACELLULAR cAMP LEVEL

T. M u csi and B.M. P r ágai

Institu te  o f  M icrobiology , U niversily  Mediául School, Szeged

V arious flavono ids b lock  the  m u ltip lica tio n  o f herpesv iruses in  cell 
c u ltu re s . Q uercetin  increases th e  level of cA M P in E h rlich  asc ites tu m o u r  
cells. S evera l flavono ids are  effective in h ib ito rs  o f cA M P p h o sp h o d ie s te ra se . 
D ib u ty ry l  cAM P in h ib its  th e  m u ltip lic a tio n  of h u m an  aden o v iru s  ty p e  2 a n d  
h e rp e s  s im plex  v iru s in v itro . As to  the  m echan ism  of th e  a n tiv ira l  e ffec t o f 
th e se  flav o n o id s  som e co n n ec tio n  w as assum ed  betw een  th e ir  a n tiv ira l e ffect 
a n d  th e  increase in  th e  cA M P level. In  the  p resen t s tud ies q u erce tin  an d  qu er- 
c i tr in  in h ib ite d  (in a c o n c e n tra tio n -d e p e n d e n t m anner) th e  m u ltip lic a tio n  
o f  h u m a n  (alpha) h erp esv iru s  1 in H E p -2  cell cu ltu re , an d  th e  sam e flav o n o id s  
in c re a se d  th e  in trace llu la r  cA M P level; ru tin  and  hesperid in  n e ith e r  d isp lay ed  
a n  a n tiv ira l  effect n o r e lev a ted  th e  cA M P level.

ANTIVIRAL ACTIVITY OF TUFTSIN AND ITS 
ELONGATED ANALOGUES

M. VVl e k l i k , M. L u c z a k  a n d  D .  K o n o p i n s k a

In s titu te  o f  B iostructure, D epartm ent o f  Virology, M edical Academ y W arsaw, Poland, 
and Institu te  o f  C hem istry, U niversity  o f  Wroclaw, Wroclaw, Poland

T u fts in , a bio logically  ac tiv e  te tra p e p tid e , s tim u la te s  fu n c tio n s o f m a c ro ­
p h ag es a n d  p o ly m o rp h o n u c lea r g ran u lo cy tes  an d  enhances th e  m ig ra tio n  o f 
n o rm a l a n d  sensitized  h u m a n  cells. In  th e  p re sen t ex p erim en ts , th e  effect o f 
tu f ts in y ltu f ts in  an d  o th e r  e lo n g a ted  analogues of tu f ts in  on th e  dev e lo p m en t 
o f  tu m o u r  induced  by  i.m . in o cu la tio n  w ith  m urine  sarcom a v iru s  (MSV) 
w as in v e s tig a te d  an d  co m p ared  w ith  th e  effect of tu fts in . T u m o u r d ev e lo p ­
m e n t w as followed up for 10 days. T u m o u r size was expressed  in p er cen t o f 
th e  in c rease  in th e  vo lum e o f in fec ted  th igh  an d  com pared  w ith  th e  vo lum e 
o f in ta c t  th ig h . The p ep tid es  (10 /.tg p e r in jec tio n ) were in jec ted  i.p . accord ing  
to  fo u r  d ifferen t schedules. T u fts in y ltu f ts in  in h ib ited  th e  tu m o u r  g ro w th  
in d e p e n d e n tly  on the  schedule  o f a d m in is tra tio n . T he best re su lts  w ere o bserved  
w h en  th e  pep tide  was ad m in is te re d  tw ice; 24 h before and  24 h a fte r  in o cu la ­
tio n . A n o th e r experim en t suggested  th a t  tu f ts in  possesses n o t only  a n titu m o u r
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b u t also an tiv ira l a c tiv ity . In  m ice in fec ted  in tra n a sa lly  w ith  v irus herpes 
hom in is ty p e  1 (H SV j) tu fts in  m ark ed ly  reduced  th e  m o rta li ty , depend ing  on 
th e  schedule o f  a d m in is tra tio n . T h e  b es t re su lts  (40%  o f p ro tec tion ) w ere 
observed  w hen th e  p ep tid e  was a d m in is te red  for 6 day s a f te r  in fection . S im ilar 
re su lts  were o b ta in ed  in  mice in fec ted  w ith  EMC v iru s  s.c. In  th is  case, too  
th e  ra te  of p ro te c tio n  (rang ing  from  10%  to  60% ) w as d ep en d in g  on th e  sc h e d ­
ule o f a d m in is tra tio n . T u fts in y ltu f ts in  w as m uch m ore ac tiv e  th a n  tu f ts in .

265

IMMUNOLOGICAL AND IIISTOCHEMICAL 
INVESTIGATIONS IN SHEEP IMMUNIZED WITH 

ATTENUATED RABIES VACCINES

Zs. K iss  and R .  G l a v it s

Stale In stitu te  fo r  the Control o f  Veterinary Serobacleriological Products, 
and Central V eterinary Institu te , B udapest

Two groups each co n ta in in g  10 M erino sheep w ere im m unized ; th e  one 
w ith  a vaccine co n ta in in g  fixed  v iru s  an d  th e  o th e r w ith  a V nukovo-32 s tra in  
vaccine . On each o f p o s tv acc in a tio n  d ay s  4, 7, 14, 21 an d  28 2 sheep o f  each 
g ro u p  were bled  a n d  th e  rou te  o f  th e  v iru s an tig en s in th e ir  organ sam ples 
w as followed h y  th e  I F  tech n iq u e ; fu r th e r , th e  m orpho log ica l changes in  th e  
ly m p h o id  organs a n d  th e  in v itro  reac tio n s  o f th e  ly m p h o id  cells were in v e s tig ­
a te d . H istochem ical and  elec tron  m icroscop ica l in v e s tig a tio n s  show ed s im ila r 
im m unom orpho log ica l changes in  b o th  groups. H ow ever, th e re  were differences 
in  im m u n o -in d u c tiv e  effects, w hich m an ifested  in d ifferences in the  au to -  
rad io g rap h ica lly -m easu red  b lastogenesis o f th e  ly m p h o c y te s  o rig ina ting  from  
ly m p h  nodes, sp leen  an d  blood, m oreover, in d ifferences in th e  m acrophage  
m ig ra tio n  in h ib itio n  indices. U sing I F  an tig en  o f th e  f ix  v iru s  persisted  lo n g er 
a t  th e  inocu la tion  s ite  an d  in th e  ly m p h  nodes th a n  th a t  o f th e  V nukovo-32 
s tra in , b u t th is  l a t te r  c o n c e n tra ted  earlie r in th e  ly m p h  nodes fo llow ing 
v acc ina t ion.
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IMMUNIZATION AGAINST CANINE PARVOVIRAL 
ENTERITIS WITH AN ATTENUATED FELINE 

PARVOVIRUS
A. B a r t h a  and L. P a p p

Veterinary M edical Research Institu te, H u n g a ria n  Academ y o f  Sciences, 
and  Department o f  M edicine , U niversity  o f  Veterinary Sciences, Budapest

T he firs t occurrence  o f p a rv o v ira l e n te ritis  of dogs w as re p o rte d  only  
a few  y ea rs  ago. Since in itia lly  no v acc ine  p rep ared  from  hom ologous v iru s  
w as ava ilab le , th e  close an tig en ic  re la tio n sh ip  ex isting  b e tw een  th e  new ly 
iso la te d  canine p a rv o v iru s  an d  th e  c a u sa tiv e  v irus of feline pan leu co p en ia  — 
(a p a rv o v iru s)  was u tilized . T herefo re, th e  live or in a c tiv a te d  feline p an leu co ­
p e n ia  vaccine p ro d u ced  ab ro a d  se rved  for p ro tec tio n  ag a in s t th e  disease. 
S ince  H u n g a ria n  v e te r in a ry  circles were d issa tisfied  w ith  th e  p ro te c tio n  p ro v id ­
ed  b y  th e  vaccine co n ta in in g  in a c tiv a te d  v iru s , an  a t te n u a te d  s tra in  of feline 
p a rv o v iru s  was p ro p a g a te d  in p rim a ry  or seco n d ary  feline k id n e y  cell cu ltu res . 
A fte r  i.m . or s.c. a d m in is tra tio n  of th e  p ro p ag a ted  v iru s, su scep tib le  dogs 
re m a in e d  sym pto in less, an d  v iru s -n e u tra liz in g  (VN) an d  h a em ag g lu tin a tio n - 
in h ib it in g  (H I) an tib o d ies  to  b o th  th e  feline parv o v iru s  an d  th e  B U /80 can ine  
p a rv o v iru s  iso la ted  in  H u n g a ry  a p p e a re d  in  th e ir  sera. One th o u sa n d  doses 
o f  v ac c in e  were p roduced  from  th e  ce ll-cu ltu re -p ro p ag a ted  v iru s , and  900 p e t 
dogs an d  100 dogs k e p t in  k enne ls w ere v a c c in a ted . The d isease did n o t occur 
a m o n g  th e  im m unized  an im als , w hile u n v acc in a ted  dogs k ep t in kennels 
d ev e lo p ed  severe d isease, an d  20 to  8 0 %  o f th em  died. A single v acc in a tio n  
p ro v id e d  a p ro tec tio n  la s tin g  one yea r.

DEVELOPMENT OF INACTIVATED INFECTIOUS 
LARYNGOTRACHEITIS VIRUS VACCINE

F . S ó l y o m , S. B a r h o o m  and Gy. D rávái

P hylaxia  Veterinary Biologicals Co., V irus Section, B udapest, 
and  Term ál Agricultural Co-operative, Szentes

In fec tio u s la ry n g o tra c h e itis  (IL T ) occurs am ongst p o u ltry  of d ifferen t 
ages in  certa in  areas o f  H u n g a ry . To p re v e n t th e  disease, th e re  is one im p o rted  
l iv in g  v iru s  vaccine av a ilab le  how ever, i t  caused  m ild  disease in  b ro iler flocks. 
An in a c tiv a tiv a te d  o il-a d ju v a te d  v acc ine  h as  been developed . T he p o ten cy  
o f  th e  vaccine was te s te d  u n d e r  la b o ra to ry  an d  field cond itions. S P F  cockerels
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o f 8 weeks old w ere im m unized  and  it has been  estab lish ed  th a t  th e  in d e x  
o f n e u tra liz a tio n  varied  w ith ing  1.6 to  1.8 as well as, all cockerels were p ro te c te d  
against th e  fie ld  v irus challenge. The p o ten cy  o f th e  a t te n u a te d  an d  in a c t iv ­
ated  vaccines w as com pared  in th e  p rac tice  in  each  o f 1600 birds. T he a t t e n u ­
a ted  vaccine  con ferred  com plete  p ro tec tio n  in  th e  second week, w hile th e  
in a c tiv a te d  one assu red  th e  sam e p ro tec tio n  on th e  4 th  w eek only. F o llow ing  
th e  v acc in a tio n  all b ird s o f b o th  groups w ere re s is ta n t against th e  challenge. 
The b o o ste r effect of th e  in a c tiv a te d  vaccine w as te s te d  2, 3, 4, 5 an d  6 w eeks 
following th e  p rim o v acc in a tio n . The best e ffect w as found a t th e  b o o s te r  
v acc in a tio n  ca rried  out on th e  2nd  an d  3rd  w eek , th e  average o f th e  ind ices 
o f n e u tra liz a tio n  ranges b e tw een  1.5 an d  1.6, an d  b e tw een  1.9 and  2.0, re sp e c ­
tive ly .

COMPARATIVE EXAMINATIONS OF DIFFERENT 
NEWCASTLE DISEASE VIRUS STRAINS

M. N e m e s i , A. P á l h i d i , É . B á l l á , F .  S ó l y o m  and B .  L o m n ic z i

P hylaxia  Veterinary Biologien!» Co., V irus Sections, anil Research Institu te o f  Veterinary  
Sciences, H ungarian Academy o f  Sciences, B udapest

F or t he p ro d u c tio n  o f in a c tiv a te d  vaccine a g a in s t N I)V , several len togen ic  
an d  m esogenic v iru s  s tra in s  w ere com pared . In  th e  course of th e  p ro p a g a tio n  
of d iffe ren t v iru s  s tra in s , c rude  suspensions o f d iffe ren t infective t i t re s  w ere 
o b ta in ed , how ever, th e  im m uniz ing  pow er of th e  in a c tiv a te d  vaccines p ro d u c e d  
from  th e  above  su b stan ces did no t agree w ith  th e ir  in fec tive  titre s . T he N D V -6 
s tra in  p roved  to  be th e  m ost a p p ro p ria te  for vacc in e  p ro d u c tio n . On th e  basis 
o f l ite ra ry  d a ta  th e  h e a t-s ta b ili ty  of h a e m a g g lu tin in  and  n eu ram in id ase  
an tigens o f v iru s  s tra in s  used in  H u n g a ry  w as co m p ared  an d  th e  a l te ra tio n  
of th e ir  in fe c tiv ity  a t  50o C w as s tu d ied . F ro m  th e  s tra in s  u n d er te s t ,  th e  
L aS o ta  s tra in  w as the  m ost frag ile , while th e  N D V -6 s tra in  Mas th e  m ost 
re s is ta n t. P re su m ab ly , th e  s ta b ili ty  of th e  su rface  an tig en s  of NDV-6 s tra in  
m akes th e  s tra in  especially  a p p ro p ria te  for in a c tiv a te d  vaccine p ro d u c tio n .
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EXPERIENCES OBTAINED IN THE COURSE OF 
THE PRODUCTION AND OF A TRIAL OF 

INACTIVATED PIGEON HERPES VIRUS VACCINE

J .  W e l t n e r , L. A s z t a l o s , A. B a l i ,a y , T . P e r é n y i , F. V e t é s i  and
J . T ana  i

P h yla x ia  Veterinary B iologicals Co., V irus Section , B udapest, Agricultural H ighschool, 
K a p o sv á r , University o f  Veterinary Sciences, B udapest, and Veterinary H ygien ic  In stitu te ,

Debrecen

In the  early  sp rin g  a n d  la te  a u tu m n , th e  v iru s a tta c k e d  m a in ly  y oung  
p ig eo n s o f 50 to  90 days old. T he diseased b ird s  were d is tu rb e d  in  b y  seri­
ous c a ta r rh a l sy m p to m s, and  m an y  o f  th e  s ta rv in g  b ird s  p e rish ed . For 
p re v e n tio n , a w ater-in -o il vacc ine  c o n ta in in g  in a c tiv a te d  p ig eo n -h erp es v iru s 
w as p re p a re d . The v iru s  w as grow n in ch ick en  em bryo  f ib ro b la s t cell cu ltu re  
m a in ta in e d  in  a M EM F lanks n u tr i t iv e  m ed iu m  con ta in ing  fe ta l se ru m . T hree 
d iffe re n t in a c tiv a tin g  ag en ts  were te s te d . T h e  in ac tiv a tio n  ca rried  o u t w ith 
e th y le n e  im ine p ro v ed  to  b e  th e  best. T he a d ju v a n t was se lec ted  from  eleven 
d if fe re n t oils on th e  basis o f  a sa fe ty  te s t .  Tn a d d itio n  to th e  la b o ra to ry  te s t , 
a f ie ld  t r ia l  was ca rried  o u t in  a large-scale  fa rm . In  th e  course o f  th e  tr ia ls , 
a v e ra g e  S index  ca lcu la ted  from  th e  se ru m -n e u tra liza tio n  te s ts  su rp assed  1.5 
f iv e  w eeks a fte r th e  v ac c in a tio n . The m o r ta l i ty  ra te  for y o u n g  pigeons, d i­
m in ish ed  from  30% , th e  av e rag e  for th e  p rev io u s 3 years, u n d e r 3 %  in th e  
issu es  o f  v acc in a ted  p a re n ts .

A PIGEON VACCINE CONTAINING FOUR 
COMPONENTS

F. S ó l y o m , M. V a d á s z i  and J .  W e l t n e r

Phylaxia V eterinary Biologicals Co., V irus Section, B udapest

T h e  aim  of th e  p re se n t s tud ies w as to  develop  a com bined  vacc in e  aga in st 
fo u r  p igeon  diseases, each  p rev a len t in  H u n g a ry . Salm onella typ h i-m u r iu m , 
M yco p la sm a  ga llinarum , C hlam ydia  an d  p igeon  herpes v irus an tig en s  w ere a d ­
m in is te re d  in 15 d iffe ren t com positions a n d  th e  serological responses e lic ited  
w ere  te s te d  in S P F  cockerels. In  every  case th e  oily a d ju v a n t w as ap p lied  w hich 
h a d  p ro v e d  to  be th e  b es t im m u n o s tim u la n t. T h e  serologic responses o f  carrier- 
p ig eo n s to  th e  vaccine  o f a p p ro p ria te  co m p o sitio n  were te s te d  on  th e  1st, 
3 rd  a n d  12th  m o n ths p o stv acc in a tio n . T h e  com m on sy m ptom s o f th e  re sp ira ­
to ry  o rg an s and  th e  m o r ta l i ty  of young  b ird s  s to p p e d  and th e  p ro d u c tio n  o f th e  
c a rr ie rs  increased in  th e  v a cc in a ted  flocks.
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STUDIES ON INACTIVATED VACCINE AGAINST 
DUCK HEPATITIS

13. N agy

P hyla x ia  Veterinary Biologicals Co., V irus Section , Budapest

W ater-in -o il vaccines w ere p re p a re d  from  th e  v iru s s tra in  T N  used  
for vaccine  p ro d u c tio n  ag a in st in fec tio u s  duck  h e p a titis  (ID H ), a n d  from  
v iru le n t d uck  h e p a titis  v irus in a c tiv a te d  w ith  fo rm aldehyde . E ach o f  10 d ay - 
old duck lings w as im m unized  s.c. w ith  th e  in a c tiv a te d  vaccine an d  a n o th e r  
te n  w ith  th e  A n ah ep  vaccine c o n ta in in g  liv ing  ID H  v irus. The dose w as 0.2 m l 
th ro u g h o u t. T h ree  weeks a fte r v a c c in a tio n  pooled  b lood  sera o f th e  vacc in ées  
an d  th o se  of u n tre a te d  contro ls w ere ex am in ed . T h e  S indices for th e  d iffe re n t 
g roups w ere as follow s: u n tre a te d  co n tro l g roup  1.62; ducklings v a c c in a te d  
w ith  A n ah ep , 2.16; ducklings v a c c in a te d  w ith  in a c tiv a te d  v iru le n t v iru s , 
2.04; ducklings v acc in a ted  w ith  T N  v iru s , 2.70. W ith  th e  vaccine p ro d u c e d  
from  th e  in a c tiv a te d  TN  virus s tra in  field  tria ls  w ere preform ed. T h e  v acc in e  
p roved  to  he safe accord ing  to  th e  te s t  ca rr ied  o u t in  a b reeder-flock  o f 300 
b ird s v a c c in a ted  tw o tim es, each  w ith  1.0 m l dose. T h ir ty  day-old  d u ck lin g s 
o f th e  p a re n ts  v a cc in a ted  in  th e  a b o v e  tr ia l  as well as 30 suscep tib le  6 d ay s  
old duck lings w ere challenged  s.c. w ith  1 m l o f v iru le n t v irus o f a t i t r e  104'5 
I D 50/m l. O f th e  30 suscep tib le  du ck lin g s 24, w hile from  the issues o f  vacc in ées  
one b ird  died o f h ep a titis .

THE AETIOLOGICAL ROLE OF ECHOVIRUS TYPE 
6 IN MENINGITIS AND ENCEPHALITIS CASES 

IN 1982 IN HUNGARY

S. T a k á t s y , G. N agy'  and G .K . L e n d v a i  

N a t io n a l  I n s t i t u t e  o f  H y g ie n e ,  B u d a p e s t

In th e  period  betw een  J u ly  an d  N ovem ber, 1982 echovirns ty p e  6 in ­
fection  was d e te c te d  in 148 cases o f acu te  CNS diseases w hich o ccu rred  in 
d iffe ren t p a r ts  o f H u n g ary . T he age-specific  m o rb id ity  ra te s  were th e  h ig h e s t 
in ch ild ren  betw een  3 and  9 y ears  o f  age h u t  y o u n g  ad u lts  were also co n s id e r­
ab ly  affec ted . T he aetio logy  could lie verified  by iso la tion  of th e  v iru s  o n ly  in 
10 cases since no ap p ro p ria te  m a te ria ls  w ere received  for th is  p u rp o se  from  
th e  m a jo rity  o f  th e  p a tien ts . T h u s, th e  la b o ra to ry  diagnoses h ad  to  be  b ased  
on serological te s ts  w hich were p e rfo rm ed  b y  th e  rad ia l p laque n e u tra l iz a ­
tion  an d /o r th e  h aem ag g lu tin a tio n  in h ib itio n  tech n iq u es. A sign ifican t rise  o f
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a n t ib o d y  t i tre  w as d e m o n s tra te d  in 53 p a tie n ts  inc lud ing  7 y ie ld ing  v iru s . In  
a d d itio n a l 92 p a tie n ts  th e  ac tu a l echov irus ty p e  6 infection  w as ve rified  b y  
d e m o n s tra tio n  o f specific  IgM  an tibod ies in  th e ir  blood sam ples.

THE ROLE OF HEPATITIS NON-A NON-R (NANB) 
VIRUS IN CHRONIC DISEASES OF LIVER

I . H o l l ó s , В. L ászló  and J .  B r o jn á s

N a tio n a l Institu te  o f  H yg iene , and László Central H o sp ita l fo r  Infectious Diseases, B udapest

233 p a tie n ts  w ith  a diagnosis of ch ro n ic  liv e r disease verified  b y  b iopsy  
h a v e  been  in v e s tig a te d  fo r h ep a titis  B (H B V ) an d  h ep a titis  N o n -А N on-B  
v iru s  (N A N BV ) in fec tio n s . M icro -H epanosticon  te s ts  were app lied  for d iagnosis 
o f H B V  and  th e  d o u b le  im m unodiffusion  te s ts  as described b y  S ch irach i for 
d iagnosis  of N A N B V . P o sitiv e  resu lts  w ere o b ta in e d  in 89%  for H B V  a n d  in  
11 %  fo r N A N B V  am o n g  th e  p a tien ts  w ith  ch ron ic  p e rs is ten t h e p a titis , in  
5 7 %  fo r H BV  a n d  in  33 %  for N A N B V  am o n g  those w ith  ch ron ic  ac tiv e  
h e p a ti t is  an d  in  5 8 %  fo r HBV  an d  in  18 %  fo r N A N BV  am ong those  w ith  
c irrh o sis . In  som e cases th e  NANBV d iagnosis w ere su p p o rted  also b y  e lec tron- 
m icroscopic  e x a m in a tio n  o f blood sam ples. T h e  resu lts  in d ica te  th a t  besides 
th e  H B V  th e  B A N B V  p lay s a sig n ifican t ro le  in  eliciting  chronic disease of 
th e  liver.

STUDIES ON INFLUENZA VIRUS STRAINS 
ISOLATED IN THE COURSE OF OUTBREAKS 

AMONG PIGS IN HUNGARY

K . B a r b , G. G a j d á c s , I. J a n k o v i c s , J .  T a n y i  and G. V a j d a

N ational In s titu te  o f  H ygiene, Budapest, and  Veterinary Institutes, Békéscsaba
and Debrecen

In  th e  sp ring  o f  1983 influenza o u tb re a k s  occu rred  in piggeries in  H a jd ú , 
S zabo lcs and  B ékés co u n tie s . 4 -5  m o n th s old p o rk ers  were th e  m ost severe ly  
a ffec ted . The o u tb re a k s  w ere ch a rac te rized  b y  sudden  onset an d  sh o r t d u ra ­
tio n . R h in o rrh o ea , c a ta r rh ,  coughing, d isp n o ea , an o rrh ex ia , an d  d istress w ere 
th e  m o st com m on sy m p to m s. No fa ta l o u tco m e  w'as observed. 24 in flu en za  
v iru s  s tra in s  w ere iso la te d  from  th e  lu n g  tis su es  o f s lau g h te red  an im als. T he 
s tra in s  p roved  an tig e n ic a lly  re la ted  to  th e  A /N ew  Je rse y /8 /7 6 /H lN l)  s tra in  
in  h a e m a g g lu tin a tio n  in h ib itio n  te sts . A sero logical su rvey  w ith  300 blood
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sam ples ta k e n  from  pigs in  affected  piggeries in d ic a te d  a large scale im m uno log ­
ical experience w ith  th e  iso la ted  v iru s  v a r ia n t. A closer analysis o f  s tru c tu ra l 
p ro te in s  of iso la ted  s tra in s  co m p ared  to  those  o f  som e p ro to ty p e  s tra in s  of 
sw ine origin (A /sw ine/Iow a/15/30, А /N ew  Jerscy /8 /76) and  of a sw ine s tra in  
iso la ted  in Szeged in 1981 (A /sw in e /S z e g e d /l/8 1 /H lN l)  carried  o u t w ith  
S D S -P A G E  te c h n iq u e  revealed  n o ta b le  d ifferences. T he m olecu lar w eight 
o f th e  HA co m p o n en t o f iso lates a n d  o f p ro to ty p e  s tra in s  p roved  to  he id en ­
tic a l h u t  d iffered from  th a t  of th e  Szeged s tra in . N everthe less, th e  H A  com po­
n e n t o f the iso la tes could  he sp lit b y  m e rc ap to -e th an o l to 11A1 an d  HA2 
su b u n its  only p a r tia lly  in  c o n tra s t to  th e  co m p le te  sp lit in th e  case o f  p ro to ty p e  
s tra in s .

LARGE-SCALE ABORTION INDUCED BY INFECTIOUS 
RHINOTRAGHEITIS (IBR/IPV) VIRUS IN A STOCK 

OF BEEF CATTLE

,). T a n y i , E . B a j m ó c z y , В. F a z e k a s  and E . K a s z a n y it z k y  

Veterinary Institu te , Debrecen

In  the  H erefo rd  stock  of 200 an im als b o u g h t as p riin ip a ro u s heifers by 
th e  sto ck  farm  Sz., 157 ab o rted  d u rin g  th e  5 th  to  9 th  m o n ths o f p reg n an cy  in 
th e  f irs t q u a rte r  o f 1982. S ix ty -six  fe tuses an d  th re e  fe ta l m em b ran es w ere 
b ro u g h t to  th e  in s ti tu te . In  m ore th a n  h a lf  o f th e  fe tu ses , n ecro tic , necro tic- 
in flam m ato ry  foci w ere observed  in  th e  liver a n d  sp leen , in a few  cases even 
m acroscopically . O cassionally  ja u n d ic e  w as also observed . L is te ria , s tre p to ­
coccus, s tap h y lo co ccu s an d  fungi w ere d e m o n s tra te d  in  1, 1, 1 a n d  3 o f the 
fe tu ses , re spec tive ly . All ex am in a tio n s  w ere n e g a tiv e  for b ruce lla , lep to sp ira  
an d  ch lam yd ia . T h e  IB R /IP V  v iru s  w as fo u n d  in  8 fe tuses. T he m a jo rity  of 
the  an im als th a t  h a d  a b o rte d  w ere su b jec ted  to  serological e x am in a tio n s  and  
p ro v ed  to  he n eg a tiv e  fo r an tib o d ies  to  b ru ce lla , lep tosp ires an d  ch lam y d ia . 
E ach  o f  th e  50 b lood  sam ples te s te d  for an tib o d ie s  to  IB R /IP V  gave  positive  
re su lts  w ith  co n sid e rab ly  high t i tre s . J o in tly  responsib le  for th e  large  scale 
ab o rtio n s  w ere th e  h ig h  su scep tib ility  o f th e  s to ck , th e  h igh  risk  o f  in fec tion , 
as well as th e  co n sid erab le  decrease in  th e  n a tu ra l  res is tan ce  o f th e  an im als.
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CORONA AND CORONA-LIKE VIRUSES IN 
DIARRHOEAL CALVES

11. N a g y

C e n tr a l  V e te r in a r y  I n s t i tu te ,  B u d a p e s t

C oronav irus an d  co ro n a-lik e  v iru s p a rtic le s  were d e tec ted  b y  e lec tron  
m ic ro sc o p y  in 24.7%  o f th e  ileal and  faecal sam ples su b m itte d  from  761 
d ia r rh o e a l  calves u n d er one m o n th  o f age. B ased  on th e  m orpho log ica l c rite ria  
o f  W o o d c  e t al. (1978), m ost o f  th e se  (in 16%  o f th e  calves) w ere ty p ic a l bovine 
C o ro n a v iru s  particles. Im m u n o  elec tron  m icroscopic and im m unofluo rescence  
s tu d ie s  confirm ed  th e  fin d in g s  o f bovine coronav iruses. M ost o f th e  “ corona- 
lik e”  v iru se s  m orpho log ica lly  resem bled  th e  “ sy n cy tia -fo rm in g ”  v iru s  d escr­
ibed  b y  M ebus et al. (1978). S p o rad ica lly  th e re  w ere also v iru s  p a rtic le s  th a t  
a p p e a re d  m orphologically  as be ing  O rth o m y x o v iru s , P a ra m y x o v iru s  v irions 
or v ir io n s  o f the  “ B reda  a g e n t”  described  by W oodc e t al. (1982). A clear 
d if fe re n tia tio n  of th e  a b o v e  pa rtic le s  fa iled  in som e cases. V irus partic les  
d e te c te d  in  some o th e r cases h ad  to  be c lassified  to  be u n k n o w n  in  calves, 
b a se d  o n  th e ir  c h a ra c te r is tic  m orpho logy  (20 -28  nm  long p ro je c tio n  w ith  
5 7 n m  d iam e te r  balls on th e  tip ) . S tud ies on 18 n o n d ia rrh o ea l calves rev ea led  
o n ly  o n e  ca lf  with co ro n a-lik e  an d  none w ith  co ronav irus.

EXPERIMENTAL INEECTION OF LAYING HENS 
WITH EDS AVIAN ADENOVIRUS ISOLATED FROM

DUCKS

A. B a RTHA and J . MÉSZÁROS

V e te r in a r y  M e d ic a l R e se a r c h  I n s t i t u t e , I I u n g a r ia n  A c a d e m y  o f  Sciences*  B u d a p e s t

I n  sp ite  of th e  w ide occu rren ce  of th e  h a e m a g g lu tin a tin g  a v ia n  a d en o ­
v iru s  in  d u ck  flocks, no d a ta  a re  ava ilab le  on its  p a th o g en ic ity  in  lay in g  hens 
in fec ted  n a tu ra lly . To d e te rm in e  th e  p a th o g e n ic ity  o f th is  v iru s , su scep tib le  
hens w ere  in fected  p er os w ith  th e  K T/80 s tra in  iso la ted  from  d u ck s. Egg 
p ro d u c tio n  of hens dec reased  from  th e  in itia l level of 70%  to  35 %  in  th e  
2nd w eek  postin fec tion  (P I) , a n d  th e  eggs show ed ch a rac te ris tic  changes. H I  
t i t r e s  o f  th e  laying hens ra n g e d  betw een  1:16 a n d  1:512. Eggs la id  a fte r  in ­
fec tio n  w ere  collected s e p a ra te ly  a t  w eekly in te rv a ls , an d  su scep tib le  lay ing  
hen s w ere  in fected  w ith  th e  o v a lb u m in  p er os. On th e  15th d ay  P I ,  hens 
in fe c te d  w ith  eggs co llected  on th e  7 th  d ay  P I  la id  p igm entless an d  she ll­
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less eggs or eggs hav in g  th in  an d  b reak ab le  shells; th e ir  p ro d u c tio n  decreased  
b y  50%  for a period  o f 2 w eeks, th e n  re tu rn e d  to  n o rm al. In  th e  se ra  o f these 
hens, H I  an tib o d ies  h ad  a p p e a re d  by  the  14th d ay  P I  an d  th e ir  t i t r e  reached  
th e  peak  (1:128) 4 weeks la te r , Fgg  p ro d u c tio n  o f hens in fec ted  w ith  eggs 
co llected  la te r  rem ain ed  u n d is tu rb e d , and  no an tib o d ies  a p p e a re d  in  th e  sera 
o f  such  hens. T his find ing  co n firm s our earlier experience th a t  eggs collected 
from  lay ing  hen  p o p u la tio n s re c o v e red  from  clin ically  a p p a re n t CDS lay  no 
p a r t  in th e  sp read  of in fection . O n th e  o th e r h a n d , eggs la id  in  th e  in itia l, 
a c u te , stage o f  th e  cond ition  m a y  h a v e  a role in th e  tran sm iss io n  o f  in fec tion .

DETECTION OF ANTIBODIES TO HUMAN HERPES 
VIRUS AND CYTOMEGALOVIRUS IN 

A MEDITERRANEAN ISLAND POPULATION 
(PANAREA, EOLYAN ISLANDS)

P . Ma STROENI, L. B o NINA, M.S. L e ONAUDI, M.C. L i BERTO and
F . Cu r r o

M ic ro b io lo g y  I n s t i tu te ,  S c h o o l o f  M e d ic in e , U n iv e r s i ty  o f  M e s s in a ,  I t a ly

T he p resen t s tu d y  was u n d e r ta k e n  to  d e te rm in e  th e  p rev a len ce  o f  CMV 
an d  I1SV infections in a “ sem i-c losed  p o p u la tio n  liv ing  in  P a n a re a , an  island 
o f  th e  M ed ite rran ean  sea. The su rv e y  was carried  o u t on 130 in h a h ita n s , 66 
fem ale and  64 m ale, living in th e  is lan d  for all th e  year. A n tib o d ies  to  CMV 
a n d  1 IS \ were d e tec ted  by co m p le m e n t f ix a tio n  acco rd ing  to  K o m e r’s m eth o d . 
T he resu lts  o b ta in ed  suggest a d iffe re n t epidem iological s i tu a tio n  concern ing  
CMV an d  HSV com pared  to  w orld  a n d  I ta lia n  d a ta ;  th e  29 .60%  p o s itiv ity  for 
CMV an d  th e  35 .61%  p o sitiv ity  fo r  HSV are low er th a n  w orldw ide serological 
d a ta . These d ifferences could b e  ex p la in ed  by th e  s itu a tio n  o f “ sem i-c losed” 
p o p u la tio n  in our s tu d y ; h ig h er ra te s  were found  for w om en th a n  for m en. 
T his m ay  be an  im p o rta n t a spec t in  th e  deve lopm en t o f acq u irin g  p r im a ry  and 
seco n d a ry  in fec tions, an d  th e  re la tio n sh ip  w ith  fe ta l m o rb id ity . In  fa c t, w hen 
considering  v ira l disease in p re g n a n c y , we m u st rem em b er th a t  th e  tru e  
inc idence  is p ro b a b ly  very  m u ch  h ig h er th a n  we suppose , y e t re la tiv e ly  few 
dele te rio u s effects have  been o b se rv e d  on e ith e r m o th e r or fe tu s.
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FOCAL DIFFERENCES IN POSTVACCINATION 
MEASLES IMMUNITY

I .  L o n t a i  and F .  F o r n o s i

N a t i o n a l  I n s t i t u t e  o f  H y g ie n e , B u d a p e s t

In  children v a c c in a te d  ag a in st m easles in  th e  14 th  m o n th  of life, the  
se ro co n v ersio n  ra te  w as, o n  th e  average, 9 6 .7 % , a n d  th e  geom etric  m ean  of 
th e  H A I  titre s  was 99 o n e  m o n th  a fte r the  v a c c in a tio n . The m ean  level o f H A I 
a n tib o d ie s  of the  sam e c h ild re n  decreased b y  1 5 -4 9 %  b y  th e  15th  to  23rd 
m o n th s  p o stv acc ina tion  (P V ). The decrease w as low er in localities in  w hich 
a re la t iv e ly  high m easles m o rb id ity  was o b se rv ed  in  th e  PY period . In  th e  
se ra  o f  25 ou t of 172 c h ild re n  th e  H A I ti tre s  w ere tw o to  fourfo ld  h igher in 
th e  th i r d  h a lf  year a fte r  th e  v acc in a tio n  th a n  one m o n th  a fte r  th e  v acc in a tio n , 
e v id e n tly  as a resu lt o f  th e  b o oste r effect o f  th e  c ircu la tin g  w ild v iru s . In  
fo u r  v illages where no cases o f  m easles were re g is te re d  betw een  1975 and  1980, 
th e  H A I  titre s  were d im in ish in g  y ear by  y ea r a f te r  th e  v acc in a tio n  and  th e  ra te  
o f  se ro n eg a tiv e  ch ild ren  w as h ig h er. The la t te r  re a c h e d  even to  50 80%  am ong 
th e  ch ild ren  born in  1974. T h e  ra te  of se ro n eg a tiv e  ch ild ren  v a cc in a ted  a t 
10—11 m o n th s  of age, w as m o re  th a n  tw ice h ig h er, th e  geom etric  m ean  of H A I 
t i t r e s  h a lf  of those o b se rv e d  am ong th e  ch ild ren  v a c c in a ted  over 11 m onths 
o f  ag e . In  one of tin; v illag es  a local measles ep id em ic  a p p ea red  in th e  period  of 
th is  su rv e y ; 96%  o f th e  se ro n eg a tiv e  ch ild ren  fell ill w ith  m easles. In  tw o 
v illag es  w here m easles cases  w ere reg istered  fro m  tim e  to  tim e , th e  h ighest 
r a te  o f  seronegative c h ild re n  w as abou t 2 0 % . E x a m in in g  th e  H A I an tibod ies 
o f  a t  least — 10 c h ild re n  p e r  age group a n d  c o u n ty  focal d ifferences in  th e  
r a te  o f  seronegative c h ild re n  w ere no t d e tec tab le . V accine p rep a red  from  th e  
L en in g rad -1 6  stra in  w as e m p lo y ed  th ro u g h o u t.

MEASLE ANTIBODY STATUS OF HUNGARIAN 
POPULATION BASED ON SURVEY OF BLOOD 
SAMPLES COLLECTED IN SEPTEMBER, 19H2

G. N a g y , S. T a k a t s y , E. G y ö r g y  and I. D ö m ö k

N a tio n a l  I n s t i t u t e  o f  H y g ie n e ,  a n d  P u b lic  H e a l th  S ta t io n ,  B u d a p e s t

S eru m  sam ples fro m  4626  subjects re p re se n tin g  all age g roups of p o p u la ­
tio n  o v e r  6 m onths of age  w ere  te s te d  for m easles a n tib o d ie s  b y  th e  haem agglu ti- 
n a t io n  inh ib ition  te c h n iq u e . R a te  of su b jec ts  w ith  an tib o d ies  (7> 2) varied  
b e tw e e n  94 and 100%  in  ag e  groups above 2 y e a rs  o f age. A n tib o d y  s ta tu s
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o f ch ild ren  liv ing  in  areas w here m easles was ep idem ic in 1980 1981 did  n o t 
differ s ig n ifican tly  from  th a t  o b serv ed  in o th e r  areas o f  H u n g a ry . B o th  th e  
geom etric  m ean  o f a n tib o d y  t i t r e s  an d  th e  ra te  o f su b je c ts  w ith  an tib o d ie s  
p ro v ed  to  he re la tiv e ly  low in th e  age g roups o f ch ild ren  who h ad  been  vacci- 
n a te d h e tw e e n  1974and  1977 w hen  v acc in a tio n  a t  10 m o n th s  of age was c o m p u l­
so ry . Before 1974 th e  m a jo rity  a n d  a f te r  1977 all o f th e  ch ild ren  w ere vacci- 
n a te d a f te r l3  m o n th so f  age. R e v a c c in a tio n  of th e  age g roups o f poor im m u n ity  
seem s in ev itab le  to  p rev en t ep id em ic  episodes in  th e  com ing  years.

ANTIBODY STATUS OF POPULATION AGAINST 
POLIOVIRUSES 23 YEARS AFTER INTRODUCTION 

OF USE OF LIVE VACCINE

1. Dömök, G. N a g y  and S. T a k á t s y

N a t io n a l  I n s t i t u t e  o f  H y g ie n e , B u d a p e s t

A cross-sectional polio a n tib o d y  su rvey  has been  ca rried  ou t w ith  4298 
sera  collected  in S ep tem b er 1982, b y  th e  ra d ia l p la q u e  n e u tra liz a tio n  t e c h ­
n ique . S ub jec ts above 1 y ea r o f age p roved  to  be po sitiv e  ag a in s t p o liov irus 
ty p e  1 in 94% , ag a in st ty p e  2 in  9 5 % , ag a in st ty p e  3 in 97%  an d  a g a in s t all 
th re e  ty p es in  8 8 % . T here  w ere o n ly  4 trip le  n e g a tiv e  su b jec ts  fo u n d  w ho 
all belonged to  th e  age group  (1 -2  y ea rs  of age) w hich h a d  n o t y e t rece ived  th e  
com plete  course o f v acc in a tio n . T h e  resu lts  p ro v ed  co m p arab le  to  th o se  
o b ta in e d  in a s im ila r su rv ey  in  1963. This in d ica tes  t h a t  sy s tem a tic  v a c c in a ­
tio n  ensured  th e  m a in ten an ce  o f h u m o ra l im m u n ity  s ta tu s  o f th e  p o p u la tio n  
on a h igh ly  sa tis fac to ry  level.

ANTIBODY STATUS OF FORESTRY WORKERS 
VACCINATED AGAINST TICK-BORNE ENCEPHALITIS

VIRUS

E. F e r e n c z i

N a t io n a l  I n s t i t u t e  o f  H y g ie n e , B u d a p e s t

Serum  sam ples of 356 fo re s try  w orkers, w ho had received  “ FS M E  
Im m u n ” vaccine , have been te s te d  fo r an tibod ies a g a in s t tick -b o rn e  e n c e p h a l­
itis  v iru s  by b o th  h a e m a g g lu tin a tio n  inh ib itio n  (H I) an d  in d irec t f lu o rescen t 
a n tib o d y  (FA ) tech n iq u es. 222 su b je c ts  received a single dose o f vaccine  one
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m o n th  before sam p lin g , 97 sub jec ts rece iv ed  tw o  doses a b o u t one y e a r before 
sam p lin g , w hereas in  37 cases serum  w as ta k e n  a few years  a fte r  com pletion  
o f w hole series o f v a c c in a tio n . In  th e  sequence  of th e  g roups 59.9, 79.4 and  
2 9 .2 %  of persons p ro v e d  to  be neg a tiv e  b y  th e  H I  tech n iq u e  (<7 10), w hereas 
42 .8 , 40.2 and  18 .9%  b y  th e  FA te c h n iq u e  ( <  5). 23 su b jec ts  h ad  a high 111 
a n tib o d y  titre  (/>  320) su itab le  even for p re p a ra tio n  of im m u n e  gam m a g lobu­
lin a g a in s t t ic k -b o rn e  encephalitis .

SURVEY OF RETICULOENDOTHELIOSIS VIRUS 
INFECTION IN Л TURKEY FLOCK

Cs. Ű r é n  and I . N é m e t h

V e te r in a r y  M e d ic a l  R e se a r c h  I n s t i t u t e , H u n g a r ia n  A c a d e m y  o f  S c ie n c e s .  B u d a p e s t

A serological su rv e y  was done to  d e m o n s tra te  a n tib o d y  to  reticulo- 
endo theliosis  v iru s  (R E V ) w ith  in d irec t f lu o rescen t a n tib o d y  assay  (IFA ) 
in  a selected  tu rk e y  flo ck  w here tu m o u r  losses h ad  occu rred  a n d  serious egg 
in fe r ti l i ty  had  been  n o tic e d . Virus iso la tio n  w as a tte m p te d  in ch icken  em bryo  
f ib ro b la s t  cu ltu re  (C E F ) from  plasm a sam p les . Serum  sam ples co llected  from  
p r im a ry  breed ing  tu rk e y s  a t 1 day  o f age co n ta in ed  no a n tib o d y  to  REV 
(0 /3 9 ) , while th o se  co llec ted  from  51 to  53 w eeks old hens w ere p ositive  in 
1 5 -4 0 % . Sera from  flo ck s w ith  serious egg in fe r tility  w ere n eg a tiv e  in  one 
case  (0/17), b u t  w ere p ositive  in tw o o th e r  cases (12/50; 5/10). S ix ty -e igh t 
p e r  cen t of serum  sam p les  collected fro m  b ro ile r tu rk e y s  in  th e  s la u g h te r­
house  co n ta in ed  a n tib o d y  to  R EV . A ccord ing  to  th e  IF A  an d  e lec tron  m icro­
scopic  ex am in a tio n , R E V  was iso la ted  in  C E F  from  2 o f 50 p lasm a sam ples 
co llec ted  from  a 53 w eeks old p a ren t flo ck  su ffering  from  serious egg in fe rtility . 
T h is  is th e  first d o c u m e n ta tio n  of th e  p resence  o f R EV  in H u n g a ry  tu rk e y  
flocks.

PROPAGATION OF HEPATITIS A VIRUS (HAV)
IN AGMK AND BGM CELLS

Gy. S zűcs, R. S im m o n s , T.G . M e t c a l f , F .B . H o l l i n g e k  and
J .L . M e l n i c k

L a b o r a to r y  f o r  V ir o lo g y , P u b l ic  H ea lth  S ta t io n .  P é c s , H u n g a r y ,  a n d  D e p a r tm e n t  o f  V iro lo g y  
a n d  E p id e m io lo g y ,  B a y lo r  C ollege o f  M e d ic in e ,  H o u s to n ,  I x . .  U . S . A .

P rim a ry  A G M K  cells were in fec ted  w ith  HAV (s tra in  H -175). T he v iru s 
p ro d u c tio n  was d e m o n s tra te d  by m e a su re m e n t o f increasing  am o u n ts  of HAV 
a n tig e n s  (s/H A A g) in cu ltu res  by  rad io im m u n o assay  (R IA ), im m u n o flu o res­
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cence (IF ) a n d /o r  de tec tio n  of co m p le te  v iru s  b y  e lec tro n  m icroscopy(E M ). 
A fter second passag e  of in fected  cells, H A A g w as d e tec ted  over P /N  ra t io  
n ea r 50. V irus h a rv e s te d  from  th is  sam ple  w as u sed  to  in fect te r t ia ry  A G M K  
cells in suspension . M onolayer c u ltu re s  w ere deve loped  an d  m ain ta in ed  fo r 10 
weeks w ith  w eek ly  passages. T h e  h ig h est P /N  ra tio n  (73) was d e te c te d  in  
sam ple from  second-passage  cells, w hile P /N  ra tio s  34-39  were o bserved  up  
to  passage 7, a n d  la te r  th e  IIA A g p ro d u c tio n  decreased  to  P /N  ra tio  3 in  
passage 10. H ow ever, still the  n u m b e r o f p h y sica l p a rtic le s  was 10e/m l, c o u n te d  
u n d er EM , in  th is  sam ple. The v iru s  seem ed to  be  s tro n g ly  cell-associated , i t  
Mas n o t re leased  sp o n taneously  in to  th e  m ed iu m  an d  no cy to p a th ic  e ffec t 
Mas observed. U sing  I1GM cells fo r in fec tion  th e  m a x im u m  am oun ts o f  II AAg 
(P /N  ra tio  22) w ere detec ted  a f te r  tMO Meeks o f in c u b a tio n  and th is  v a lu e  
rem ained  re la tiv e ly  stab le  during  a period  o f one m o n th . In  b o th  cell c u ltu re s  
a ty p ica l g ra n u la r  cy top lasm ic fluo rescence  Mas o b se rv ed  alm ost a t  th e  sam e  
tim e  w ith  R IA  p o s itiv ity . The p o te n tia l  v a lu e  o f th e se  cell-virus sy stem s for 
p roducing  d iag n o stic  m ateria ls is d iscussed.

THE TITRATION OF SPECIFIC ANTIBODIES TO 
MUMPS VIRUS BY MEANS OF THE SINGLE RADIAL 

HAEMOLYSIS (SRH) TEST

A. Ma r t o n  and Gy. N y e r g e s

N a t io n a l  I n s t i t u t e  o f  H y g ie n e ,  B u d a p e s t

The S R H  te s t  was applied  fo r th e  d e m o n s tra tio n  of specific a n tib o d ie s  
in the  sera of p a tie n ts  w ith  clinical m u m p s in fec tio n  an d  in those of ch ild ren  
v acc in a ted  w ith  live m um ps v iru s v accine . T he o p tim u m  am o u n t o f v iru s  for 
th e  sen sitiza tio n  o f  e ry th ro cy tes  w as found  one te n th  o f th a t  described b y  o th e r  
a u th o rs . A la b o ra to ry  reference p re p a ra tio n  w as p rep ared  from  m u m p s 
co nvalescen ts’ se ra . T he reference p re p a ra tio n  Mas assigned  a po tency  o f  100 
u n its  per m l, a rb itra r ily . In  each  t i t r a t io n  session a dose-response line Mas 
estab lished  w h ich  show ed the  co rre la tio n  b e tw een  th e  d ifferen t d ilu tions o f  th e  
reference p re p a ra tio n  and th e  d ia m e te rs  o f th e  h aem o ly tic  zones p ro d u ced . 
In  th is  w ay, th e  a n tib o d y  co n ten t o f  th e  sera  to  be te s te d  could he e x p re ssed  
in  la b o ra to ry  u n its . T he resu lts  o f  th e  t i t r a t io n  o f  403 sera show ed th a t  th e  
S R H  te s t w as m ore  sensitive for th e  d e m o n s tra tio n  o f m um ps-specific  a n t i ­
bodies th a n  th e  H I  te s t  was. No co n v in c in g  ev idence  for a correlation  b e tw een  
th e  resu lts  of th e  S R H  and  th e  11 1 te s t  or b e tw een  th o se  of th e  S R H  a n d  th e  
CF te s t Mas fo u n d .
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COMPARATIVE TESTS FOR DETECTION OF 
RUBELLA-SPECIFIC IgM ANTIBODIES

I . M E Z E Y  and M .  K o L L E U  

N a t io n a l  I n s t i tu te  o f  H y g ie n e ,  B u d a p e s t

530 sera  ta k e n  from  p re g n a n t w om en  e ith e r  w ith  sy m p to m s suggestive  
o f  ru b e lla  or w ith  a m ost recen t h is to ry  o f  exposu re  to  rube lla  in fec tio n  were 
te s te d  fo r  specific IgM  an tibod ies, using  tw o  d ifferen t te ch n iq u es  as follows.
(a) S e p a ra tio n  of IgM  frac tio n s of sera  b y  ion-exchange c h ro m a to g ra p h y  and 
te s t in g  th e  frac tions fo r ru b e lla  h a e m a g g lu tin a tio n  inh ib iting  (H I)  an tib o d ies;
(b) in v e s tig a tio n  o f sera w ith  h a e m a d so rp tio n  im m u n o so rb en t te ch n iq u e  
(H IT ) as described  by  v an  der Veen. Id e n tic a l resu lts were o b ta in e d  b y  b o th  
te c h n iq u e s  in  91%  of sera. T he H IT  p ro v e d  su itab le  to  d e tec t even  in c ip ien t 
IgM  a n tib o d y  responses in a phase w hen  n o  an tib o d ies  or v e ry  low  ti tre s  coult 
be re v e a le d  by  th e  H I  tech n iq u e . P e rs is ten ce  o f specific IgM  an tib o d ie s  could 
he d e m o n s tra te d  for a longer period  b y  th e  H IT  th an  by  th e  o th e r  m e th o d  
used . T h u s  th e  H IT  seem s especially  s u ite d  for lab o ra to ry  d iagnosis in  cases 
w h en  se ru m  sam ples a re  availab le  on ly  fro m  a v e ry  early  or from  an  ex trem e ly  
la te  s ta g e  o f infection .

DIAGNOSTIC ANTIBODY TESTS FOR DETECTION 
OF HERPES SIMPLEX VIRUS INFECTIONS OF 

THE CNS: CRITERIA AND EFFICIENCY

M. S im o n  and M. K o l l e r  

N a t io n a l  I n s t i tu te  o f  H y g ie n e ,  B u d a p e s t

B ased  on com plex  la b o ra to ry  e x a m in a tio n  of 18 proven  h e rp es  en cep h a li­
tis  cases th e  au th o rs  sum m arize  th e ir  ex periences especially w ith  re g a rd  to  
c r ite r ia  a n d  efficiency o f a n tib o d y  te s ts  ca rried  ou t w ith  F A  a n d  E L IS A  
te c h n iq u e s  fo r a re la tiv e ly  early  ae tio lo g ica l diagnosis. I t  is co n c lu d ed  th a t  
8 0 %  e ffic iency  can be ach ieved  if  se ru m  a n d  CSF pairs ta k e n  a t  an  in te rv a l 
o f 3 -4  d a y s  a t  th e  early  stage  of illness are  ex am in ed  for th e  presence  o f specific 
im m u n o g lo b u lin  classes. D em o n stra tio n  o f  specific  IgM an tib o d ies , o f s ign ifi­
c a n t in c rea se  in  IgG  a n tib o d y  t i t r e ,  a n d  o f  a ra tio  %  20 for se ru m  to  CSF 
a n tib o d y  c o n te n t m ay  lie th e  proofs fo r th e  aetiological re la tio n sh ip . T he FA  
te c h n iq u e  m ay  he used  generally  b u t  th e  E L IS A  techn ique is m ore  sensitive  
for d e te c tio n  of IgM  an tib o d ies  in th e  C SF.
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D E T E C T IO N  O F A N T IB O D IE S  TO A U J E S Z K Y ’S 
D IS E A S E  V I B E S  B Y  E L ISA

J .  E k d e i  and  E .  M o c s á r i

V e te r in a r y  M e d ic a l R esea rch  I n s t i t u t e , H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , 
a n d  C e n tr a l V e te r in a r y  I n s t i t u t e ,  B u d a p e s t

Sera co llec ted  from  pigs o f  d iffe ren t age g roups an d  im m uno log ica l 
s ta tu s  w ere ex am in ed  for an tibod ies to  A u je szk y ’s disease v irus by  the; V N  
te s t  an d  by  in d ire c t E L IS A . A u jeszky’s disease v iru s  p ro p a g a te d  in cell c u ltu re  
p u rified  b y  u ltra c e n tr ifu g a tio n  in sucrose g rad ien t an d  exposed to  d e te rg e n t 
w as used as an tig en , perox idase-labelled  an ti-sw in e  IgG  as con ju g a te , a n d  1,2- 
p h en y len ed iam in e  (O PD ) as su b s tra te . E v a lu a tio n  w as perfo rm ed  in a T ite r te k  
m u ltich an n e l p h o to m e te r . The so-called  base level w as dete rm in ed  on th e  
basis o f th e  o b ta in e d  ex tin c tio n  v a lu es , an d  th e  800 blood  sam ples ex am in ed  
w ere e v a lu a ted  as com pared  to  th e  b ase  level. Sera positive  in th e  V N  te s t  
w ere alw ays positiv e also in E L IS A , w hile th e  p ro p o rtio n  of E L IS A -p o sitiv es  
am ong  sera d eriv ed  from  V N -negative  h erd s  w as a b o u t 10% . F rom  t i t r a t io n  
o f positive  sera an d  ev a lu a tio n  o f a v a c c in a tio n  tr ia l it  has been conc luded  
th a t  E L IS A  d e tec ts  an tib o d ies  earlie r an d  in h ig h er se ru m  d ilu tions th a n  th e  
VN te s t.

APPLICATION OF ELISA FOB THE DETECTION 
OF ANTIBODIES TO INFECTIOUS BRONCHITIS

V I B E S

M. Cs e r m e l y , I. N é m e t h  and A. P á l h i d y

V e te r in a r y  M e d ic a l  R esea rch  I n s t i t u t e , H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , B u d a p e s t

In d ire c t E L IS A  w as used fo r th e  d e te c tio n  o f an tibod ies to  in fec tio u s 
b ro n ch itis  v irus in  ch icken . As a n tig en , a B e a u d e tte -se ro ty p e  v irus p ro p a g a te d  
in em b ry o n a ted  ch icken  eggs and p u rif ie d  b y  u ltra c e n tr ifu g a tio n  w as used . 
T he positive  reference  serum  was co llec ted  from  b ird s  v acc ina ted  w ith  11-120 
an d  H-52 v iru s s tra in s  an d  su b se q u e n tly  in o c u la te d  w ith  a p u rified  v iru s  
em ulsified  in incom plete  F re u n d ’s a d ju v a n t, w hile th e  n eg a tiv e  reference se ru m  
w as o b ta in ed  from  S P F  chicken of d iffe ren t age. T he co n ju g a te  was th e  h o rse ­
rad ish  perox idase-labelled  IgG  fra c tio n  o f an  an ti-ch ick en  IgGM A ra b b i t  
serum  p repared  accord ing  to  th e  p e rio d a te  m e th o d  o f W ilson an d  N a k a n c  
(1978), as m od ified  b y  B oorsm a a n d  S tre e fk e rk  (1979). H aving d e te rm in e d  
th e  o p tim u m  co n cen tra tio n s  of re a g e n ts  by ch ess-b o ard  ti tra tio n s , fa c to rs  
in fluencing  th e  sp ec ific ity  o f th e  m e th o d  w ere s tu d ie d , i.e. th e  effect o f  d iffer-
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e n t  sensitiz ing  m edia a n d  ad d itiv e s  g iven  to  th e  con jugate- a n d  se ru m -d ilu e n t 
(N aC l, bovine a lb u m in , p o ly e th y len e  glycol, n o rm a l ra b b it  serum ). T he specif­
ic i ty  o f  th e  assay w as v e rified  b y  th e  in h ib itio n  te s t . To norm alize d a ta  o b ta in e d  
in  t e s t  perfo rm ed  a t  d iffe re n t tim es, th e  re su lt  of th e  te s t is ex p ressed  in  a n t i ­
b o d y  u n its /m l serum , on  th e  basis o f a p o s itiv e  reference serum  o f kn o w n  a n t i ­
b o d y  co n te n t. The m e th o d  has been fo u n d  su itab le  for d e m o n s tra tin g  th e  
q u a n t i ta t iv e  changes o f  a n tiv ira l an tib o d ie s  p roduced  d u rin g  th e  course of 
in fe c tio n .

2 8 0

DETECTION OF ANTIBODIES TO RS VIRUS BY 
VIRUS-NEUTRALIZATION TEST IN ELK CELL LINE

A. BARTHA and M. B e NKŐ

V e te r in a r y  M e d ic a l R e s e a r c h  I n s t i t u t e , H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , B u d a p e s t

T he diagnosis o f  R S  (re sp ira to ry  sy n c y tia l)  td rus in fec tion  b y  d irec t v iru s 
iso la tio n  is successful o n ly  in a m inor p a r t  o f th e  cases. A n tib o d y  ti t re s  of 
p a ire d  sera m ight h a v e  d iagnostic  v a lu e , how ever, p rac tica lly  a sim ple an d  
re liab le  serological te s t  app licab le  in ro u tin e  d iagnostic  w ork  has n o t  been 
a v a ila b le . The co m p lem en t fix a tio n  (CF) te s t  d e tec ts  only  20%  o f th e  lo w -titre  
a n tib o d ie s , while th e  v iru s -n e u tra liz a tio n  (VN) te s t  perfo rm ed  in  th e  com m only- 
u sed  cell cu ltures (such  as p rim ary  or se c o n d a ry  ca lf k idney  or tes tic le ) c an n o t 
he  e v a lu a te d  because o f th e  poor g ro w th  o f  th e  RS v irus. T he V N  te s t  was 
c a rr ie d  o u t accord ing  to  th e  m eth o d  of H a ra la m b ie v  in F L K  cell line p e rm a ­
n e n t ly  in fec ted  b y  b o v in e  leucosis v iru s. In  th is  cell line th e  c y to p a th ic  effect 
o f  R S  v iru s  appears w ith in  a few days. In  cell cu ltu res w ith o u t covering  lay e r 
a n d  co n ta in in g  only  liq u id  cu ltu re  m ed iu m , p laq u es grow up t o l  m m  in d iam ­
e te r  w ith in  4 to  5 d ay s . F if ty  p er c en t re d u c tio n  in  th e  n u m b e r o f p laques 
in d ic a te s  presence o f  an tib o d ies . T he te s t  c an  be done in P e tr i-d ish es , te s t  
tu b e s  or T a k á tsy ’s M ic ro titra to r  tra y s .
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PRODUCTION OF BOVINE LEUKAEMIA VIBES 
ANTIGEN IN LARGE QUANTITIES IN HUNGARY 

ANT) ITS COMPARISON WITH THE 
PITMAN MOORE ANTIGEN

B . H a RRACH, L. T e KES and B. LoMNICZI

V e te r in a r y  M e d ic a l  R e se a r c h  I n s t i t u t e , H u n g a r ia n  A c a d e m y  o f  S c ie n c e s , a n d  C e n tra l  
V e te r in a r y  I n s t i tu te ,  B u d a p e s t

A m eth o d  fo r large-scale p ro d u c tio n  o f b o v in e  leukaem ia  virus (B LV ) 
an tig en  Mas developed  for an  ex tensive  su rv ey  o f B LV  infection  in H u n g a ry . 
T he an tigen , co n sisting  p rim arily  o f g lycopro te in , M as p ro d u ced  by am m o n iu m  
su lp h a te  p re c ip ita tio n  from  th e  su p e rn a ta n t o f ro lle r cu ltu re s  of a p e rm a n e n t 
fe ta l lam b k id n ey  cell line in fec ted  w ith  BLV. T he c o n c e n tra tio n  of th e  an tig en  
an d  of th e  co n tro l sera  ( , -p -j-- |-)  o f th e  H u n g a rian  im m u n o d iffu ­
sion k it  M'as a d ju s te d  to  th e  P itm a n  Moore reag en ts  rep resen tin g  the  in te r ­
n a tio n a l s ta n d a rd . T h ree  th o u sa n d  serum  sam ples w ere s im ultaneously  e x a m ­
ined  M'ith b o th  an tig en s. T he resu lts  agreed  in 9 9 % ; th e  infection o f cow s 
Mas d e tec ted  ea rlie r b y  th e  H u n g a ria n  an tig en  in 0 .9 % , while by P itm a n  - 
Moore an tigen  in 0 .1 %  o f th e  cases. T h e firs t H u n g a ria n  e rad ica tio n  ex p erim en t 
con d u c ted  in an  in d u stria l-sca le  c a ttle  fa rm , ag a in  b y  using the  P itm a n  
M oore an tig en  co lla te ra lly  w ith  ou r an tig en , is close to  its  successful end.

ENZYMATIC METHODS FOR DETECTION OF 
MORPHOLOGICAL ALTERATIONS PROVOKED BY 

VIRUS INFECTION IN EGGS

T. P e r é n y i , F . Só l y o m  a n d  S. B a r h o o m

P h y l a x i a  V e te r in a r y  B io lo g ic a ls  C o V i r u s  S e c t io n , B u d a p e s t

On th e  effect o f  in fec tious la ry n g o trach e itis  v iru s  (IL T ) inocu lated  o n to  
th e  cho rioa llan to ic  m em b ran e  (CAM), th e  a c tiv ity  o f  cytoplasm ic lo c a te d  
enzym es (L D H , M D H , GOT) au g m en ts  s ig n ifican tly , co m p ared  to  non in o c u ­
la ted  eggs. T he increased  enzym e a c tiv ity  is due to  th e  decay  of CAM cells 
ow ing to  th e  cy to p a th o g en ic  a c tiv ity  of th e  v iru s. T h e  a u g m e n ta tio n  of enzym e 
a c tiv ity  was s ig n ifican t, even for th e  24 th  h follow ing th e  in fection  of th e  eggs, 
as com pared  to  th e  con tro ls . W ith  th e  progress o f  th e  tim e  of in c u b a tio n , 
th e  a c tiv ity  o f  th e  enzym es u n d e r te s t show ed a sh ee r ascending  tre n d . T h e  
e x te n t of v irus d ilu tio n  can also he follow ed sen sitiv e ly  an d  it can be e v a lu a te d  
th ro u g h  d e te rm in a tio n  of enzym e a c tiv ity  m easu red  in  th e  allantoic f lu id .
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T h e  m e th o d  is su itab le  to  th e  d e te rm in a tio n  of th e  degree o f v iru s  a tte n u a tio n , 
as w ell as to  th e  v e rific a tio n  o f th e  s a fe ty  o f in ac tiv a ted  v iru ses . I t  can  he 
u sed  fo r th e  s tu d y  o f every  v iru s c y to p a th o g e n ic  for CAM cells.

CANCER OF UROGENITAL TRACT: OCCURRENCE 
OF HCMV DNA AND ITS HINDUI E FRAGMENT 

IN PROSTATIC CARCINOMA

I. B o l d o g h ,  M. H a l m y ,  B . S z ő k e  and L. V Á c z i

I n s t i t u t e  o f  M ic ro b io lo g y , U n iv e r s i ty  M e d ic a l  S c h o o l, a n d  H a j d u - B i h a r  C o u n ty  H o s p i ta l ,  
U ro lo g ic a l D e p a r t m e n t , D ebrecen

T h e  occurrence of th e  en tire  h u m a n  cy tom egalov irus (HCM V) D N A  and  
o f i ts  tran sfo rm in g  fra g m e n t ( H in d l I I  E ) w as investig a ted  in  D N A  sam ples 
o f  p ro s ta t ic  cancers. H C M V -D N A  hom ologous sequences w ere p re sen t in 7%  
o f n o rm a l p ro s ta te  (N P ), 22%  o f p ro s ta te  h y p e rtro p h y  (В Н Р ) a n d  4T%  of 
a d en o ca rc in o m a  of p ro s ta te  (A CP). N o positive  in s itu  h y b rid iz a tio n  for 
H C M V -R N A  was observed  in section  o f  N P  tissue. A t th e  tim e  th e  tr a n s ­
c r ip tio n  o f H C M V -D N A  was observed  in  3 3 %  of В Н Р  and 4 5 %  o f A CP. The 
re s u lts  o b ta in ed  using  a n tico m p lem en t im m unofluorescence  w as in close 
c o rre la tio n  w ith  in s itu  h y b rid iza tio n  re su lts  and im ply som e deg ree  of HCMV 
a sso c ia tio n  w ith  p ro s ta tic  a b n o rm a lity . T h e  resu lts  o b ta in ed  using  th e  t r a n s ­
fo rm in g  frag m en t ( H in d l l l  E) o f HCM V DNA in DNA DINA reassoeia tion  
k in e tic s  w as deta iled .

STUDIES ON IMMUNOLOGICAL MARKERS OF 
SIMIAN C-TYPE VIRUSES AND HUMAN 

RETROVIRUS HTLV IN ADULTS AND CHILDREN 
WITH LYMPHOID LEUKAEMIAS AND LYMPHOMA

F.D. T ó t h ,  В. S z a b ó ,  J. K i s s ,  L. V Á c z i ,  A. R é t h y ,  A. Kiss, T. K o v á c s ,  

К. Rák, Cs. Kiss and R.C. G a l l o

I n s t i t u t e  o f  M ic r o b io lo g y , 2 n d  D e p a r tm e n t  o f  M e d ic in e ,  D e p a r tm e n t  o f  P e d ia tr ic s ,  
U n iv e r s i ty  M e d ic a l  S ch o o l, D eb recen , H u n g a r y ,  a n d  N a t io n a l  C a n c e r  I n s t i t u t e ,  

B e th e s d a , M d . ,  U S A

P erip h e ra l leu k o cy tes  an d /o r ly m p n  node cells an d  b lo o d  p lasm as from  
p a t ie n ts  w ith  ly m p h o id  m alignancies w ere  investigatcil fo r im m unolog ica l 
m a rk e rs  of baboon  endogenous v iru s  (B aE V ), gibbon age leu k aem ia  v irus 
(G aL V ) an d  h u m an  T-cell leu k aem ia /ly m p h o m a  virus (H T L V ). F o r de tec tion
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o f an tig en s and  an tib o d ies  im m unofluo rescence, and  co m p e titiv e  H IA  or 
rad io im m u n o p réc ip ita tio n  w ere used . A ntigen  re la te d  to  th e  p30 core p ro te in  
o f  B aE V  w as de tec ted  in B -, O- and  T-cell fo rm s o f m alignancies. A ntigen  
re la ted  to  th e  GaLV p30 w as fo u n d  m ain ly  in B- an d  О-ce ll fo rm s, while 
an tig en  re la ted  to  the  p24 p ro te in  o f H TLV  teas d e te c te d  on ly  in  a few  T-cell 
m alignancies. D is tr ib u tio n  o f  an tib o d ies  re ac tiv e  w ith  envelope an tig en s  of 
B aE V  and  GaLV a n d  o f th o se  reac tin g  w ith  th e  p24 an tig en  o f  HTLV 
p ro v ed  to  be sim ilar. T h e  p resence  o f  oncovirus-specific  an tig en s an d  an tib o d ies  
w as co n n ec ted  w ith  p reg ression  o f  ly m pho id  m alignancies.

STUDIES ON CYTOTOXIC EFFECT OF LYMPHOCYTES 
AND ANTIBODIES REACTIVE WITH ENVELOPE 
ANTIGENS OF ONCOVIRUSES IN DIFFERENT 

STAGES OF CHRONIC GRANULOCYTIC LEUKAEMIA 
(CGL) AND ACUTE MYELOID LEUKAEMIA (AML)

B. S z a b ó , F.D . T ó t h , L. V a c z i , A. R é t h y , A. K iss  a n d  K . R ák

In stitu te  o f  Microbiology, und  2nd Department o f  M edicine, U niversity  M edical School,
Debrecen

In  earlie r stud ies ly m p h o c y te s  and  an tib o d ies  c y to to x ic  ag a in st a u to lo g ­
ous tu m o u r  cells were d e te c te d  freq u en tly  in  th e  qu iescen t phase  o f CGL, 
b u t  v e ry  ra re ly  in th e  b lasto sis  o f AML. S ta r tin g  from  th ese  re su lts  лее h av e  
co m p ared  th e  cy to to x ic  a c t iv i ty  o f  ly m p h o cy te  an d  p lasm a sam ples from  th e  
q u iescen t a n d  b lasto id  p h ase  o f CGL, and from  th e  b lastosis  and  rem ission  of 
AM L, respec tive ly . T a rg e t cells w ere collected  also from  th e  d iffe ren t s tages 
o f  CGL an d  AML. 51Cr release te s ts  show ed th a t  th e  ly m p h o cy tes  a n d  p lasm a 
sam ples from  b lasto id  crisis o f CGL had no cy to to x ic  a c tiv ity  for au to lo g o u s 
b la s t cells. On th e  c o n tra ry , c ry o p rese rv ed  ly m p h o cy tes  an d  p lasm as co llec ted  
from  th e  qu iescen t phase o f  CG L p ro v ed  to  be cy to to x ic  for th e  au to logous b la s t 
cells a n d  th e ir  effect could  be  s ig n ifican tly  b locked  b y  oncov ira l envelope 
an tig en s . A sim ilar re la tio n sh ip  w as found  b e tw een  th e  b lastosis  an d  rem ission  
stag e  o f AM L. In  th e  m a jo r ity  o f  cases th e  n a tiv e  an d  c a rb o h y d ra te -fre e  gp70 
a n d  p i 5 an tigens of g ibbon  ape  leukaem ia  v iru s  b locked  b o th  ce llu la r an d  
h u m o ra l cy to to x ic ity . H ow ever, o u t o f the  an tig en s o f baboon  endogenous 
v iru s , only  th e  n a tiv e  gp70 show ed  m arked  b lock ing  effect.
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RESTRICTION ENZYME ANALYSIS OF INTEGRATED 
ECOTROPIC MURINE LEUKAEMIA VIRUSES IN 

NORMAL AND TUMOROUS THYMUSES
A . P i n t é r , L. J á n o s i , M. B ö r z s ö n y i , M. Cs í k , A. S u r j á n  an d

G. T ö r ö k

N a tio n a l In stitu te  o f  H yg iene , B udapest

T u m o u rs  in d u ced  b y  chem icals develop th ro u g h  m u ltip le  s tag es  w here 
in tr in s ic  fac to rs m ay  p la y  a d efin ite  ro le. E ndogenous m u rin e  leukaem ia  
p ro v iru se s  rep resen t in te g ra te d  p a r ts  o f th e  m ouse genom e: th e ir  c o n tr ib u tio n  
to  tu m o rig en esis  is, h o w ev er, n o t reso lved . E a rlie r , we fo u n d  th a t  endogenous 
v iru s  expression  was in d e p e n d e n t o f ch em ica lly -induced  ly m phom agenesis  in 
d iffe re n t m ouse s tra in s . Tn o rd e r to  follow  possib le  changes o f th e  in te g ra te d  
e c o tro p ic  p rov iruses, th y m u se s  from  n o rm a l an d  tu m o ro u s  m ice o f d ifferen t 
s tra in s  w ere analysed  b y  S o u th e rn -b lo t h y b rid iz a tio n  te c h n iq u e , using  on 
eco trop ic-specific  p robe . T h e  res tr ic tio n  enzym e p a tte rn  o f  th e  in te g ra te d  
p ro v iru se s  in th e  n o rm a l th y m u se s , M N U -induced  ly m p h o m as an d  sp o n tan eo u s 
tu m o u rs  o f four m ouse s tra in s  (A K R , B D F j, Sw iss, C F L P ) d id  n o t rev ea l any  
ch an g e  w hich could be a t t r ib u te d  to  specific carc inogen  ac tio n . T hese resu lts  
p re se n t fu r th e r  ev idence t h a t  M N U -induced  ly m p h o m a  d ev e lo p m en t in  mice 
is in d e p e n d e n t of endo g en o u s m u rin e  leu k aem ia  v iru s expression .

INAPPARENT ACTIVATION OF LATENT HSV IN
RABBITS

J .  R a j CÁNI and M. K O C ISO V Á

In stitu te  o f Virology, S lovak  A cadem y o f  Sciences, B ratislava, Czechoslovakia

A  long-term  fo llow -up  s tu d y  in  70 ra b b its  (in o cu la ted  in to  th e  rig h t 
sc a r if ie d  cornea w ith  th e  K u p k a  s tra in ) show ed es tab lish m en t o f  la te n c y  in 
8 6 %  o f h o m o la te ra l a n d  2 9 %  of c o n tra la te ra l F asse rian  ganglia . T h e  fragm en t 
o f  th e  r ig h t cornea y ie ld ed  v iru s  in 4 .4%  o f an im als  an d  th e  r ig h t n e rv e  ro o t 
e n tra n c e  area  in  6 % . S h o rt episodes of v iru s  sh edd ing  w ere fo u n d  in  22 ou t 
o f  33 ra b b its  by  c o n tin u o u s  sw abb ing  o f b o th  eyes for 9 m o n th s  a t  3 -7  day  
in te rv a ls  (55 sam ples w ere  po sitiv e  o u t o f to ta l  4108 ones, i.e. 1 .3% ). A rte- 
f ic ia l s tim u la tio n s  w ere m a d e  b y  m echan ical in ju ry  o f th e  co rnea and  by  
ch em ica l p ro v o ca tio n  (ad ren a lin e , xy lo l k e ra titis )  in th e  p resence  or absence 
o f  im m u n o su p p ressio n  (C PA  in  th e  dose o f  200 m g/kg bo d y  m ass) in  a lto g e th e r 
33 a n im a ls . V irus sh ed d in g  from  rig h t co rn ea  w as n o t s ig n ifican tly  enhanced .
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H ow ever, corneal frag m en ts  y ie ld ed  v iru s in 37%  o f ra b b its . T he re c o v e ry  
ra te  from  th e  c o n tra la te ra l gang lion  ex p ian ts  was also enhanced  (63% ). As 
ev idenced  by  th e  occurrence  o f sing le neurons co n ta in in g  HSV an tig en s in  th e  
ganglia  exam ined  by  seria l sec tio n in g  a t th e  tim e  o f th e ir  rem oval, v iru s  a c t iv a ­
tio n  was accom pan ied  b y  in a p p a re n t  tra n s p o r t  o f m in u te  am o u n ts  o f  H S V  to  
th e  co rnea and  to  th e  b ra in  s tem . T h e  p resen ted  re su lts  show  th a t  in a p p a re n t  
“ ro u n d  t r ip ”  o f HSV need n o t be accom pan ied  b y  a n y  v iru s  sh ed d in g . In  
ad d itio n , in fection  of p rev io u sly  un affec ted  c o n tra la te ra l  ganglia m ay  occur 
as well.

EFFECT OF PROGESTERONE ACTH AND 
PREDNISOLONE FOR THE REACTIVATION OF 

AUJESZKY’S DISEASE VIRUS (ADV) IN AN 
INFECTED FARM

I. M e d v e c z k y , A. B á l i n t  a n d  I. V a s s

D epartment o f  Epizootiology , U niversity  o f  Veterinary Sciences, B udapest, and P ig F a rm ,
Vámosgyörk

Tw elve b reed ing  g ilts  n ine m o n th s  old w ere chosen on th e  basis o f  VN 
ti tre  in an  ADV in fec ted  fa rm . F o u r groups, 3 an im als  in  each, w ere fo rm ed , 
G roup  1 an d  g roup  2 w ere o v ariec to m ized  tw o w eeks befo re  th e  tr e a tm e n t .  
G roup  1 was tre a te d  w ith  400 m g p red n iso lo n e /an im al/d ay  for five  d ay s; 
g roup  2 was tre a te d  w ith  p ro g este ro n e  50 in g /an im al/d ay  fo r tw o  w eeks. T he 
an im als in g roup  3 and  g roup  4 w ere n o t o variec tom ized . G roup 3 w as t r e a te d  
w ith  A C TH  200 IU /a n im a l/d a y  for five days, g roup  4 w ith  p red n iso lo n e  
400 m g /an im al/d ay  for fiv e  d ay s. N asa l, p h a ry n g ea l an d  v ag in a l sw ab sam ples 
w ere co llected  each d a y  for 15 d ay s  a fte r  th e  tr e a tm e n t.  T he sw ab sam p les  
w ere exam ined  for ADV by in o cu la tio n  o f lam b k id n ey  cell cu ltu res . T h e  g ilts  
rem ain ed  clin ically  n o rm a l an d  feverless th ro u g h o u t th e  e x p e rim en t a n d  no 
v iru s  could be iso lated .

DEACTIVATION OF LATENT INFECTION OF 
MUTANT ADENOVIRUSES IN TISSUE CULTURE 

BY ENDOTOXIN
J .  O n g k á d i , G. K u l c s á r  a n d  I. N á s z  

Institu te  o f  M icrobiology, Sem m elw eis U niversity M edical School, Budapest

A wild s tra in  o f h u m a n  ad en o v iru s  ty p e  5 an d  its  te m p e ra tu re -se n s itiv e  
(ts) 18 and  19 m u ta n ts  w ere used to  estab lish  la te n t  in fec tion  in H E p -2  cell 
cu ltu res . F o r re a c tiv a tio n  p u rified  and rad io d e to x ified  endo to x in s  o b ta in e d

9 Acta Microbiologica Hungarica 31, 1984
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fro m  Escherichia coli 0 8 9  w ere app lied  in d iffe ren t tim es d u rin g  la te n c y  a t 
perm issiv e  an d  n o n p e rm iss iv e  te m p e ra tu re s . B o th  wild s tra in s  an d  m u ta n ts  
cou ld  be re a c tiv a te d  a t  th e  perm issive te m p e ra tu re , h u t on ly  th e  w ild s tra in  
a t  th e  nonperm issive  te m p e ra tu re . R e a c tiv a tio n  developed  fa s t an d  on a g rea t 
scale . T he process is in d e p e n d e n t of th e  o rig in a l v iru s  c o n c e n tra tio n  an d  of th e  
m o m e n t of en d o to x in  ap p lica tio n  d u rin g  th e  la te n t  period , h u t  depends on 
th e  en d o to x in  c o n c e n tra tio n . Possible m ech an ism  is th e  c learing  effect of 
in h ib itin g  p ro te in s  o f  c e r ta in  lysosom al enzym es released  a f te r  d am age of 
m em b ran es  due to  e n d o to x in  effect. T hese a lte ra tio n s  in  th e  cell a re  n o t able 
to  s u b s ti tu te  or co m p le te  m u ta n t v ira l p o ly p ep tid e s . F u rth e rm o re , resu lts  
su g g est th a t  lack  o f a ssem b ly  of v iru s p o ly p e p tid e s  is n o t th e  reason  for la te n t 
s ta te  o f adenov iruses.

LOCALIZATION OF HUMAN ADENOVIRUSES IN 
THE MALE GENITALS OF MICE

R . V á m o s , D am  V i e t  C u o n g , G. K u l c s á r , P . D á n  and I. N ász

Institu te  o f  M icrobiology , Semmelweis U niversity  M edical School, B udapest

A ccording to  o b se rv a tio n s  of h u m a n  specim en aden o v iru ses  m ay  be 
localized  in m ale g en ita ls . In  order to  in v e s tig a te  th is  ph en o m en o n  we infec ted  
C F L P  m ice w ith  a d e n o v iru s  typ es 5 an d  12. V irus an tigens could  he de tec ted  
b y  th e  im m u n flu o re scen t m e th o d  from  th e  cells o f th e  testic les  in 2 4%  o f th e  
in fec ted  m ice 1—15 d a y s  a f te r  in fec tion , in  m o st of th e  cases a fte r  3 days. 
T h e  presence of th e  v iru s  an tigens in  th e  s u p e rn a ta n t  o f th e  cell hom ogenates 
w as confirm ed b y  co m p lem en t fix a tio n  te s t .  A denov iruses w ere re iso la ted  
in H E p -2  cell c u ltu re s  also in  infective fo rm  from  th e  g en ita ls  o f a few mice. 
T h e re  were n e ith e r  in fec tiv e  viruses nor v iru s  an tig en s found  in un in fected  
m ice used  as con tro ls .

Acta Microbiologica Hungarica 31, 1934
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LYMPHOCYTE SUBPOPULATIONS IN THE COLOSTRUM 

AND MILK OF CATTLE
S .  T U B O L Y

Epizooliology D epartm ent o f  U niversity  o f  V eterinary  Science , Budapest

N um ber o f ly m p h o id  cells a n d  w ith in  i t  th e  p ro p o rtio n  of m ac ro p h ag e  
and  ly m p h o cy te  su h p o p u la tio n s  w ere exam ined  in  th e  colostrum  a n d  m ilk  
sam ples o f  20 H o ls te in  Friezien  c a ttle  using im m unofluo rescence, ro se tte  cell 
fo rm atio n  and  ly m p h o c y te  s tim u la tio n  te s ts . C o lo stru m  and  m ilk sam ples w ere  
ta k e n  on th e  f irs t , second, th ird  an d  f if th  day  a f te r  p a r tu r i t io n  and  on th e  e ig h th  
weeks of th e  la c ta tio n  period , re spec tive ly . In  th e  f i r s t  day co lostrum  th e  
n u m b er of ly m p h o id  cells w as 10f> cells/nd in  av e ra g e , w hich  decreased to  105 
cells/m l th e  f if th  d ay , and  to  1 -2000 cells/inl by  th e  e ig h th  week of th e  la c ta t io n . 
The g rea t m a jo r ity  o f ly m p h o cy tes  T-cells re p re se n te d  a b o u t 40 50%  a n d  13- 
cells were p re se n t in  ab o u t 2 0 -3 0 % . A m ong 13-cells th e  IgA p ositive  cells 
occurred  in  th e  g re a te s t n u m b er. T he ly m p h o cy tes  o f  th e  colostrum  like th o se  
o f th e  b lood  cou ld  he tra n sfo rm e d  b y  m itogens, h u t  th e y  did n o t r e a c t to  
an tigens w ith  w hich th e  ly m p h o cy tes  from  th e  b lo o d  cou ld  he s tim u la ted .

EFFECTS OF ADENOVIRUS ON THE HUMORAL 
IMMUNE RESPONSE OF MICE

K .  B e RENCSI, M. B a KAY a n d  I .  B É L A D I  

In stitu te  o f  M icrobiology , University M edical School, Szeged

The in fec tio n  o f  m ice w ith  h u m an  ad en o v iru s  ty p e  6 (Adh) w as show n  
to  elicit an  im m u n o su p p ressiv e  effect. Mice in o c u la te d  w ith  Ad6 d isp lay ed  
a decreased  h u m o ra l im m une  response  to  sheep  red  b lood  cells (SR B C ). T h e  
suppressive effect w as d ep en d en t on th e  sites o f  in o c u la tio n  of th e  v iru s  a n d  
SRBC. In o c u la tio n  o f  th e  v iru s  an d  SRBC by  th e  sam e  ro u te , i.e. in tra p e r ito n e -  
ally , re su lted  in  a s ig n ifican t decrease of th e  h u m o ra l im m une response . O n 
th e  o th e r h a n d , follow ing a d m in is tra tio n  of th e  v iru s  an d  SRBC a t d iffe re n t 
sites, no in h ib ito ry  effect of th e  v iru s  could he d e te c te d . Som e cellular r e q u ire ­
m en ts for th e  im m u n o su p p ress io n  caused b y  A d6 w ere exam ined , P re tre a t-  
m en t of m ice w ith  silica to  depress th e  m ac ro p h ag e  fu n c tio n  p rev en ted  th e  
im m u n osuppression . T hese re su lts  in d ica te  th a t  p e r ito n e a l m acrophages p la y  
an  im p o r ta n t ro le  in th e  im m unosuppression  o b se rv ed .

Acta Microbiologica Hungarian 31 (3), pp. 287 299 (1984)
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EFFECT OF SUPERNATANT OF LYMPHOCYTES 
INFECTED WITH VIRUSES ON THE FUNCTION 

OF PERIPHERAL BLOOD LEUKOCYTES IN VITRO

J .  O n g r á d i , R . V á m o s , G. K u l c s á r . D am  V ie t  Cu o n g  and I . N ász

In stitu te  o f M icrobiology , Semmelweis U n iversity  Medical School, B udapest

U p to  th e  p re se n t n e ith e r  th e  p a th o m e c h a n ism  of the  fre q u e n t secondary  
b a c te r ia l  com plica tions consequen t u p o n  v ira l  infections n o r th e ir  im m u n o ­
su p p re ss iv e  effect show n also in v itro  h a v e  been m ade clear en o u g h  y e t. To 
in v e s tig a te  these  p h en o m en a , ly m p h o cy te  cu ltu re s  o b ta ined  from  p erip h era l 
b lo o d  w ere in fec ted  b y  severa l types o f h u m a n  adenoviruses an d  h e rp es  sim plex 
v iru s  ty p e  1. A fter a 7 -d ay  in cu b a tio n  p e r io d  th e  su p e rn a ta n ts  w ere  ad d ed  to  
m o n o n u c le a r  an d  p o ly m o rp h o n u clear leu k o c y te s  ob tained  from  b lood . The 
s u p e rn a ta n ts  of in fec ted  lym p h o cy tes  re d u c e d  th e  phag o cy tic  a c t iv i ty  on 
s ta p h y lo c o c c i o f b o th  ty p e s  of leu k o cy te s  b y  20-60%  in co m p ariso n  w ith  
d iffe re n t con tro ls. T h is effect is of th e  sam e  degree if  ad en o v iru s  ty p e s  are 
c o m p a re d  to  each o th e r, b u t  h e rpesv irus h a d  m ore in tensive  w eak en in g . The 
d a m a g in g  effect o f su p e rn a ta n ts  w as d o se -d ep en d en t, and  m o st o f  i t  w as lost 
a f te r  lo n g er sto rage . T he described in h ib ito ry  effects m ay be re la te d  to  ly m p h o ­
k in es  o r som e sim ilar m a te ria ls  w hich co u ld  be produced  b y  in fe c te d  lym pho­
c y te s  an d  by some o th e r  cells as fu r th e r  te s ts  revealed .

EFFECT OF HUMAN ADENOVIRUS INFECTION 
ON THE LYMPHOID ORGANS OF MICE

D am V i e t  Cu o n g , G. K u l c s á r , P . D án  and I . N á sz

Institu te  o f  M icrobiology , Semmeltveis U n iversity  Medical School, B udapest

A fte r  hav ing  in fec ted  C FL P m ice w ith  adenov irus ty p e  12, th e re  were 
no  c lin ica l sy m p to m s d u rin g  th e  15 day s o f  observation . T he v iru s  infection  
re d u c e d  th e  n u m b er o f th e  c ircu la ting  ly m p h o cy te s  a lread y  in  4 h o u rs . The 
d ic rea se  tvas m ost in ten s iv e  a fte r 24 h , th e n  a h y p erco m p en sa tio n  follow ed on 
th e  3 -7  d ays, an d  a f te r  th is  the  n u m b e r o f  th e  lym phocy tes re tu rn e d  slowly 
to  th e  n o rm a l level. T he w eight o f th e  th y m u s  decreased d e p en d in g  on the  
d osage  on 3rd  or 4 th  d ay  a fte r in fec tio n , th e n  approached  th e  n o rm a l level. 
T h e  w e ig h t of th e  sp leen  begin to  in c rease  a f te r  th e  v irus in fe c tio n  an d  the  
m a x im u m  w eight teas reach ed  on th e  3 rd  a n d  4 th  days. I t  m ay  b e  concluded  
th a t  a m o d e ra te  an d  te m p o ra ry  im m u n o su p p ressio n  was caused b y  adenov irus 
ty p e  12 in  th e  ly m p h o id  organs of m ice.

A d a  Microbiologica Hungarica 31, 1984
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HERPES SIMPLEX VJKLS INTERACTION WITH 
HUMAN MONOCYTES AND MACROPHAGES

L. BONINA and P. MaSTROENI

Microbiology Institu te , School o f  M edicine , U niversity o f  M essin a , M essina , Ita ly

I t  is accep ted  th a t  cells b e long ing  to  re ticu lo en d o th e lia l sy s tem  a re  of 
p r im a ry  im p o rtan ce  for n a tu ra lly  occurring  resis tan ce  to  herpes s im plex  v iru s  
(HSV) in fections. In  previous ex p e rim en ts  we s tu d ie d  th e  role p la y e d  b y  ra t  
p e rito n ea l m acrophages on H S V -1  infection show ing  th e  effect o f im m uno- 
com prom ission  on th e  “ in v itro ”  in tr in s ic  a n tiv ira l a c tiv ity . The p re se n t s tu d y  
e luc ida tes som e early  in te ra c tio n s  betw een  HSV-1 an d  h u m a n  m onocy tes an d  
m acrophages, as well as th e  in tr in s ic  a n tiv ira l a c t iv i ty  using  s ta n d a rd iz e d  
m odels for cu ltu rin g  m onocytes f ro m  hum an  p e rip h e ra l b lood  and  b y  e v a lu a t­
ing th e  “ in v i tro ” m a tu ra tio n  to  m acrophages. On b o th  cell ty p es we e v a lu a te d  
the  a tta c h m e n t o f HSV-1 by s tu d y in g  th e  k inetic  o f  v irio n  a d so rp tio n  assay ing  
resid u a l (non abso rbed ) v irus in fe c tiv ity  a t 15, 30 an d  120 m in post in fec tion . 
A t th e  sam e tim e  we s tud ied  th e  in trace llu la r b e h av io u r b y  in d irec t im m uno  
fluorescence an d  th e  ev a lu a tio n  o f  single cicle g ro w th  cu rves on b o th  HSV-1 
in fec ted  cells. T he residua l in fe c tiv ity  of HSV-1 w as h ig h er in m onocy tes th a n  
in m acrophages; H SV  specific a n tig e n s  were n o t o bserved  in m onocy tes w hile 
v ira l an tigens w ere d e tec ted  in  th e  cy top lasm  an d  a t  th e  nu c lear m em b ran e  
o f in fec ted  m acrophages; a m a rk e d  in trinsic  a n tiv ira l  a c tiv ity  of m acrophages 
w as d em o n stra ted . These re su lts  suggest m arked  differences betw een  m o n o ­
cy tes an d  m acrophages b y  HSV-1 m ig h t reflect a m o d ifica tio n  in  th e ir  m etabo lic  
or d iffe ren ta tio n  s ta te .

INTESTINAL WALL ALTERATIONS OBSERVED 
IN CONVENTIONAL AND GERMFREE MICE 

TREATED WITH DETOXIFIED ENDOTOXIN AND 
LYMPHOTROPIC CYTOSTATIC AGENT

P. A n d e r l i k . Z s . B á n o s , I .  S z e r i , L. B e r t ó k  and B. R a d n a i

In stitu te  o f  M icrobiology, Sem m elw eis U niversity Medical School, “  Frédéric Jolio t-C urie” 
N ational Research Institute fo r  Radiobiology and Radiohygiene, and  István H ospital.

Budapest

O ur prev ious experim en ts  show ed  a h igher re s is tan ce  o f germ free (Of) 
m ice to a ly m p h o tro p ic  c y to s ta tic  a g e n t, d ian h y d ro d u lc ito l (D A D ) as co m p ared  
w ith  th a t  of co n v en tio n a l (Cv) m ice. On th e  basis o f h isto log ica l changes in  th e
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in te s t in a l  wall it has b e e n  assu m ed  th a t  th e  cause of h igher re s is tan ce  is the  
la c k  o f  th e  dam aging effect o f  en do tox in  from  n o rm a l in te s tin a l flo ra . Therefore 
w e h a v e  com pared th e  e ffe c t o f th e  en d o to x in  p re p a ra te  on th e  changes of 
in te s t in a l  walls o f Cv a n d  ( i f  m ice tre a te d  w ith  DAD. R ad io d e to x ified  endo­
to x in  (rd L P S ) was ap p lied  th e  d ay  before D A D  tre a tm e n t. I t  h a d  on ly  a slight 
m o d ify in g  effect on in te s t in a l  w all a lte ra tio n s  caused  by  D A D , w hile in  germ- 
free  m ice  a ltera tions w ere  decided ly  a g g ra v a te d  b y  rd L P S . On th e  basis of 
th e s e  re su lts  we suppose  t h a t  th e  d ifferent se n s itiv ity  o f Cv an d  G f mice to  
D A D  is in connection  w ith  th e  presence or absence  of n o rm a l in te s tin a l flora.

DEMONSTRATION OF AN AUTOANTIBODY 
BINDING TO HUMAN MEMBRANE ATTACK

COMPLEX

B .P . Ró z s ik

N a tio n a l Institu te  o f  H ygiene, Budapest

M em brane a t ta c k  co m p lex  (MAC) assem bled  from  C5b th ro u g h  C9 
c o m p le m e n t com ponen ts cau ses  com plem ent dam age. U sing im m unohisto log- 
ic a l m e th o d s , in 1980 we d e m o n s tra te d  th e  p resence  o f MAC in tissu e  specim ens 
o b ta in e d  by biopsy or a t  au to p sy  from  p a tie n ts  w ith  ch ron ic  g lom erulo­
n e p h r i t is  and  m u ltip le  sc lerosis. On th e  basis o f neo an tig en ic  n a tu re , long 
p e rs is te n c e  and  m e m b ra n e  in te g ra te d  p ro tease -res is tan ce  ch a rac te ris tic s  of 
M AC we p o stu la ted  th e  d ev e lo p m en t o f an  anti-M A C  a n tib o d y  response in 
th e se  p a tien ts . U sing in d ire c t cy to -im m u n o flu o rescen t and  d ire c t m odified 
im m u n o e lec tro p h o re tic  m e th o d s  we have fo u n d  an tibod ies b in d in g  to  MAC 
in f re sh  sera of 6 o u t o f  7 p a tie n ts  w ith  m u ltip le  sclerosis. U sing  m odified 3- 
p h a s e  im m u n o elec tro p h o resis  an d  elec trosyneresis and  a n tib o d y  b ind ing  to  
M AC h as been found in  se ra  of p a tie n ts  w ith  ch ron ic  g lo m eru lo n ep h ritis  (8/8), 
m e n in g itis  (1/1) and  n o rm a l h u m an  sera (10 persons), too . T his a n tib o d y  gives 
p re c ip ita tio n s  near to  th e  c a th o d e  in m od ified  3-phase im m unoelec trophoresis . 
T h is  is th e  first re p o rt on  th e  existence o f  an  a u to a n tib o d y  b in d in g  to  hum an  
m e m b ra n e  a ttack  co m p lex .

A d a  Microbiologica Hungarica 31, 1984
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INVESTIGATION OF THE IMMUNOPATHOLOGIC 
ROLE OF AUTOANTIBODY BINDING TO HUMAN 

MEMBRANE ATTACK COMPLEX

B .P .  Bozsik

N ational Institu te  o f  H ygiene, B udapest

On th e  basis o f the  p resence  and  c h a rac te ris tic s  o f m em brane  a t ta c k  
com plex  (MAC) in  ch ron ic  pa th o lo g ic  processes, th e  ex istence  of an  a u to ­
a n tib o d y  to  MAC can be ex p ec ted  and  d e m o n s tra te d  b y  in d irec t im m uno- 
cy to logic  an d  2 d irec t im m u n o ch em ica l m e th o d s. R esu lts  o f d o ub le -b lind  
in v es tig a tio n s  in d ica ted  th a t  th e  b en ig n ity  of m u ltip le  sclerosis m ay be associ­
a te d  w ith  high a u to a n tib o d y  t i t r e  to  MAC. This h y p o th es is  was m odelled  b y  
ex am in in g  th e  recovery  o f N eisseria  m eningitid is  (s tra in  HNCM B 122001) 
a f te r  tre a tm e n t w ith  fresh  n o rm a l h u m an  sera. U n like  sera in a c tiv a te d  by 
h e a t (56 °C, 30 m in), th e  fresh  sera im pair m eningococci (1-10x10®  ml) 
w ith o u t sen sitiza tio n  b y  specific  a n ti-b ac te ria l se ru m  a t  37 °C (30 60 m in). 
T he im pairing  effects o f MAC form ed  on m eningococci could be n eu tra lized  
n e ith e r  by  an tihum an-M A C  ra b b i t  im m une sera  n o r b y  a n tira b b it-Ig G .

PURIFICATION OF CHICKEN IgM IMMUN OGLOBU LI IN  
AND PREPARATION OF CLASS-SPECIFIC IMMUNE

SERUM

I. N émeth

Veterinary M edical Research Institu te  o f the H ungarian A cadem y o f  Sciences,
Budapest

C hicken im m unog lobu lin s a re  no t easily p u rified  ow ing to  th e ir  o v e rla p p ­
ing m olecu lar m ass and  e lec tric  charges. H ence class-specific  an ti-ch ick en  
im m unog lobu lin  reagen ts are  d ifficu lt to  p repare  an d  to  ch a rac terize . S u b s ta n t­
ial q u a n titie s  o f purified  IgM im m unoglobu lin  can  o n ly  be p rep ared  b y  th e  
co m b in a tio n  of com plex fra c tio n a tio n  tech n iq u es. S erum  globulin  frac tio n s  
sa lted  o u t be tw een  9 -1 4 %  N a2SO , co n cen tra tio n s w ere rep ea ted ly  fra c tio n ­
a te d  b y  Sepharose 6B co lum n ch ro m a to g rap h y , a n d  th e  IgM -rich m ate ria l 
e lu ted  betw een  0 .10-0 .26  K av  v a lu es  was fu r th e r  p u rif ie d  b y  D E A E -S ephace l 
ion-exchange co lum n c h ro m a to g ra p h y  using a lin ea r  g rad ien t from  0.06 to
0.4 M NaCl in 0.05 м Tris HCl, p H  7.5 buffer for e lu tio n  o f  th e  b o u n d  p ro te in s . 
D is tr ib u tio n  of p ro te in s  in  th e  e ff lu en t fractions w as d e tec ted  by  fu sed -rocke t 
im m unoelec trophoresis  ag a in s t a po lyva len t p re c ip ita tin g  ra b b it im m u n e
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se ru m  to  chicken serum  p ro te in s , w hereas th e  p u r ity  o f th e  IgM  p rep a ra tio n s  
w as ch eck ed  b y  tw o -d im en sio n a l im m unoelec trophoresis  an d  b y  im m u n iza ­
tio n  o f  ra b b its . V arious IgM  p rep a ra tio n s  o b ta in e d  w ith  th e  co m b in a tio n s of 
th e  a b o v e  m ethods w ere fo u n d  to  he alw ays c o n ta m in a te d  w ith  p o ly m er IgA  
a n d  ag g reg a ted  IgG  im m u n o g lo b u lin s  a n d  also w ith  o th e r se ru m  globulin 
c o m p o n e n ts , th ough  in  v a ry in g  degree. Im m u n o a ffin ity  c h ro m a to g ra p h y  on 
an ti-/<  h eav y  chain r a b b i t  an tib o d ies  co v a len tly  coupled to  C N B r-ac tiv a ted  
S e p h a ro se  4B allowed to  o b ta in  po lyclonal IgM  th ro u g h  a o n e-s tep  pu rifica ­
t io n  p rocedure . T he IgM  p re p a ra tio n s  o b ta in ed  b y  th is  p ro ced u re  fulfilled 
s t r in g e n t  c rite ria  for p ro te in  p u rity .

APPLICATION OF ENZYME-LINK FI) 
IMMUNOSORBENT ASSAY FOR THE 

DEMONSTRATION OF ANTIBODIES TO 
PSEUDOMONAS AERUGINOSA

J .  E m ő d , M. B k o z i k , R . V a r r ó  and I .  Jo ó

H u m a n  Institu te  fo r  Serobacteriological P roduction and Research, B udapest 

U sina  a c e to n e -in ac tiv a te d  dried b a c te ria  from  F ish e r’s 7 Pseudomonasо

aeruginosa  im m u n o ty p e  s tra in s , we p re p a re d  several p o ly v a le n t bacteria l 
a n tig e n s : (1) B o iv in -ty p e  O -an tig en  (lipopo lysaccharide, L P S ); (2) w hole-cell 
a n tig e n  con ta in ing  all F is h e r’s im m u n o ty p es; (3) cell-free (d istilled  w ater- 
e x tra c te d )  b ac te ria l a n tig e n . R a b b its  w ere im m unized  acco rd ing  to  various 
im m u n iz a tio n  schedules w ith  w hole-cell an d  cell-free an tig en s. Im m u n e  sera 
to  P . aeruginosa  were te s te d  by  passive h aem ag g lu tin a tio n  (P1ÍA ). F rom  the  
se ra  im m unog lobu lin  fra c tio n s  w ere also p rep a red . T he re su lts  suggest th a t  
Р И А  is n o t sensitive en o u g h  to  d e m o n s tra te  d ifferences in th e  litre s  of P. 
aeruginosa  im m une se ra . A ccord ing  to  th e  in v estig a tio n s th e  O -an tigen  and  
e sp ec ia lly  th e  a c e to n e -in ac tiv a te d  w hole-cell an tig en  (AW A) are  su itab le  as 
a n tig e n s  for the  m ic ro -E L IS A  te s t. The b in d in g  o f these  an tig en s to  H u n g arian  
p o ly s ty ro l m ic ro tite r p la te s  w as successfully  perfo rm ed . A p p ly in g  A W A in 
m ic ro -E L IS A  te s t, th e re  w ere sign ifican t d ifferences betw een  th e  titre s  of 5 
d if fe re n t ra b b it im m u n e  se ra . E x p e rim en ts  w ere carried  ou t fo r th e  d e te rm in a ­
t io n  o f  th e  q u a n tita tiv e  Ig G  level o f th e  se ra , too .
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ГИК EFFECT OF COMBINED TREATMENT WITH
HAEMOPHILUS INFLUENZAE ENDOTOXIN 

PREPARATIONS IN MICE
Zs. C s u k á s ,  M. W e s s e l y ,  F . S l o w i k  and L. B u k t o k

Institu te o f  M icrobiology, Sem m elw eis U niversity  M edical School, N ational Research 
Institu te  o f  N eurosurgery, and N ational “ Frédéric Joliot-C urie” In stitu te  o f  Radiobiology

and Radiohygiene. Budapest

D etoxified  en d o to x in  was p re p a re d  from  H aem ophilus in fluenzae  e n d o ­
to x in  by  ionizing ra d ia tio n  in o rd e r  to  s tu d y  its p ro te c tiv e  effect a g a in s t 
d y spnoea l a tta c k s  a fte r  endo tox in  in h a la tio n  in mice. T he d e to x ified  en d o to x in  
ad m in is te red  in trav en o u s ly  in c reased  th e  aspecific iinm uno resp o n siv en ess  o f 
th e  m ice h u t could  on ly  p a r tly  p re v e n t  dyspnoeal a tta c k s . The h isto log ica l 
p rocessing of th e  lungs also show ed  m ild  in te rs titia l p n eu m o n ia . T he m ost 
expressed  p ro tec tio n  was ach ieved  h y  th e  in tra p e rito n e a l a d m in is tra tio n  o f 
50 p g de tox ified  en d o to x in  a fte r  a 48 h  in cu b a tio n  p erio d . O nly system ic  
a d m in is tra tio n  w as found  capab le  o f  increasing  aspecific re s is tan ce  since th e  
d irec t a lte ra tio n s  in th e  lungs an d  th e  h isto log ical changes a f te r  th e  in h a la tio n  
o f th e  detox ified  end o to x in  has sh o w n  th a t  th e  irra d ia tio n  could  n o t s ig n ifi­
c a n tly  change th e  d irec t effect of t he en d o to x in  on th e  a lv eo la r ep ith e liu m  and  
th e  m acrophages.

EFFECT OF LEVAMISOLE ON THE IMMUNE- 
RESPONSE OF LAMBS

M .  l iu S V A I ,  S. T u B O L Y  and S. B É L Á K  

Department o f  Epizootiology, U n iversity  o f  Veterinary M edicine, Budapest

L evam isole is a w idely used a n th e lm in tic , h u t in a d d itio n  th is  effect it 
also has an  in fluence  on th e  fu n c tio n  o f th e  im m u n e-sy stem . T he effect o f 
levam iso le  on th e  h u m o ra l an d  c e llu la r  im m une-response  o f w eaned  lam b s 
w as exam ined . T he an im als were t r e a te d  w ith  th e  an tig en  (P Ï-3 ), levam iso le  
(L) an d /o r exposed to  h e a t stress in  th e  follow ing co m b in a tio n s: g roup  1 P I-3 ;
g roup  2 P I-3  -f- L ; g roup  3 P I-3  -|- H ; group  4 P I-3  -f- L -j- H . 
R esu lts  for h u m o ra l im m u n e-resp o n se : th e  highest a n tib o d y  ti tre s  w ere re c o rd ­
ed in  th e  lam bs tre a te d  w ith  levam iso le  and exposed to  h e a t  s tress; th e  a n t i ­
body t i t re  o f th e  o th e r  th ree  g ro u p s a g a in s t P I-3  v iru s d id  n o t d iffer s ig n ifi­
c a n tly . Cellular im m une-response: th e  m o st expressed re su lt was en co u n te red  
in th e  te s t for b la s t- tra n sfo rm a tio n  to  non-specific  m itogens. T hese v a lu es
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a re  s ign ifican tly  h ig h e r  in th e  levam isole tr e a te d  an im als. T here  is n o t sign if­
ic a n t difference in th e  re su lts  of the  ly m p h o c y te  s tim u la tio n  te s ts , h u t the  ra tio  
o f  th e  im m une ro s e tte  fo rm ing  cells w as h ig h er in  th e  levam iso le  tre a te d  
g ro u p s .

AD.ILVANTING EFFECT OF LIPOSOME-COMBINED 
I MM U NO M O D U L ANTS

T. M a g y a r ,  G y .  B á t h o r i ,  L . A .  R é t h y ,  N .N . L e n d v a i ,  M .  G é r e s i ,

T . KoNTROHR, L. BÁCSKAI and L. RÉTHY

Veterinary M edical Research Institu te  o f  the H u n g a ria n  A cadem y o f  Sciences, Budapest, 
Biophysical In s ti tu te , Semmelw eis U niversity  M edical School, B udapest, Phylaxia  

Veterinary Biological C o B u d a p e s t , H um an In s titu te  fo r  Serobacteriological Production 
and Research, B u d a p es t , and Institu te  o f M icrobiology , U niversity  M edical School, Pécs

The im m u n o m o d u la n t ( im m u n o -ad ju v an t) a c tiv ity  o f  liposom es p rep ared  
in  d iffe ren t m an n er w as s tu d ied . As te s t  an tig en  te ta n u s  to x o id  was app lied . 
T h e  changes in th e  a n tig e n ic ity  caused  h y  th e  a d m in is tra tio n  o f im m uno- 
m o d u la n ts  were d e te rm in e d  in m ouse a n d  gu inea-p ig  im m u n iza tio n  assays. 
B esides the  liposom es su p p le m e n ta ry  a d ju v a n ts  w ere ap p lied . One year ago, 
we a lread y  re p o rte d  on  th e  im m u n o m o d u lan t a c tiv ity  o f lip id  A in co rp o ra ted  
in to  liposom es. In  th e  p re se n t stud ies liposom e in c o rp o ra te d  Bordetella per­
tu ssis  and  Bordetella bronchiseptica  vaccines had  an  a d d itio n a l (supp lem en tary ) 
a d ju v a n tin g  effect. L iposom es alone in c reased  th e  a n tig e n ic ity  of the te s t-  
a n tig e n  4 to  20 fold w hile  th e  b ac te ria l vaccine-liposom e com bination  30 to  
300 tim es. The in c rea se  in  the  an tig en ic ity  ex h ib ited  dose-dependence. T he 
a d ju v a n tin g  effect o f  liposom es can he am p lified  hy  b ac te rin s .

T11E HOST BESISTANCE INCREASING ACTIVITY 
OF POLYSACCHARIDES PREPARED FROM 

LENTINUS EDODES and LENTIL US 
CYATHIFORMIS

J. S o l t é n s z k y ,  M. G é r e s i ,  G .  B o h u s ,  and L. R é t h y

H u m a n  Institu te  fo r  Serobacteriological Production and Research, P hylaxia  Veterinary 
Biological Co., and  D epartm ent o f  Botany o f  the H ung a ria n  M useum  o f  N atura l H istory

Budapest

R aw  p o ly sacch arid e  (PS) p rep a ra tio n s , e x tra c te d  from  3 L en tinus edodes 
a n d  1 Lentinus cya th ifo rm is  s tra in s  w ere in v e s tig a te d  in  v itro . L. edodes s tra in s  
w ere ob ta in ed  from  V ie tn a m , K orea an d  J a p a n ,  L . cya th iform is  was h a rv es ted

A d a  Microbiologica Hungarica 31, 1984



N I N T H  CONGRESS 295

in  H u n g a ry . The m ycelia w ere c u ltu re d  on th e  su rface  o f b io tin  a n d  m alt 
e x tra c t  ag ar m edium . T he raw  PS  p re p a ra tio n s  w ere ap p lied  as im m uno- 
m o d u la to rs  o f th e  host res is tan ce  in  m ice in fested  w ith  E hrlich -asc ites  tu m o u r 
an d  S-180 m ouse fib rosarcom a, (i) I t  w as u n equ ivoca lly  d e m o n s tra te d  th a t  L. 
cyathiform is  PS increased  th e  h o st re s is tan ce  in tu m o u ro u s  m ice, (ii) T he host 
re s is tan ce  increasing  a c tiv ity  of L . cya th iform is  PS  p re p a ra tio n s  seem ed  to  he 
o f  h igher degree th a n  th e  PS m ade fro m  L . edodes. T his p re lim in a ry  an d  t e n ta ­
tiv e  s ta te m e n t, how ever, needs fu r th e r  verifica tion .

ROLE OF THE QUALITATIVE COMPONENTS OF 
MINERAL OILS IN THE ADJUVANCY

A. F o r g á c s - F u l m e r , T. P e r é n y i , L. F a r k a s , M. N e m e s i  and
F .  SÓLYOM

P hylaxia  Veterinary B iologicals C o B u d a p e s t

T he q u a lity  of oil {»lays an  e sse n tia l role in th e  d ev e lo p m en t a n d  s ta b ility  
o f  th e  em ulsion and in its a d ju v a n t effect, 'file  h y d ro c a rb o n  com position  of 
B ayo l F ., M arcol 52 used genera lly  in  vaccine p ro d u c tio n  an d  of ce rta in  w h ite  
oils o f pharm aceu tic-co sm etic  a n d  tech n ica l g rade w ere s tu d ied . C orre la tion  
has been estab lished  betw een  th e  n o rm a l alcane c o n te n t o f oil an d  th e  ad- 
ju v a n tin g  effect ex erted  on severa l v iru ses (E D S, N D V , A n jeszk y ’s, G um boro). 
I t  seem s th a t  the  presence o f n -a lcan es  co n ta in in g  12 to  20 ca rb o n  a tom s 
is req u ired , since th e  a d ju v a n c y  o f  oils con ta in in g  th e  c ritica l h y d ro ca rb o n s  
in g re a te r  e x te n t is h igher th a n  t h a t  o f those co n ta in in g  n -a lcanes o f lon­
ger ca rb o n  chains or o f tho se  c o n ta in in g  m ain ly  i-a lcanes.

POTENCY TESTING OF BORDETELLA 
BRONCHI SEPT ICA CONTAINING VACCINES IN 

A MOUSE MODEL SYSTEM

B. É l iá s  and M. K r ü g e r

D epartm ent o f  Research Coordination, U niversity  o f  Veterinary Science, B udapest, H ungary, 
and Department o f  Epizootiology, V eterinary Science D ivis ion , Humboldt U niversity ,

B erlin , GDR

As severa l b ac te ria l co m p o n en ts  (capsu la r an tig en , ex o to x in s , a n d  a less 
id en tified  cell wall an tigen ) are  in v o lv ed  in p ro tec tio n  a g a in s t Bordetella bronchi- 
septica  and  these  com ponen ts v a ry  in  in d iv id u a l s tra in s , in ou r view  no v acc ­
ine o f w ide-rang ing  a c tiv ity  can be p re p a re d  from  a single s tra in . Since a t
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p re s e n t  all com m ercia lly  av a ilab le  B. bronchiseptica  vaccines co n ta in  a single 
s t r a in ,  we e labo ra ted  th e  follow ing m ouse m odel system  fo r re liab le  p o ten cy  
te s t in g . Tenfold serial d ilu tio n s  of th e  vaccine are  a d m in is te red  w ith  an  in te rv a l 
o f  2 w eeks to  m ouse g ro u p s  of a p p ro p ria te  size. T en  days la te r  3 subgroups 
a re  fo rm ed  and th e  a n im a ls  a re  challenged w ith  109 organ ism s o f 3 B . bronchi­
sep tica  te s t  stra ins we e la b o ra te d  the  follow ing m ouse m odel system  for re ­
lia b le  po tency  te s tin g . T en fo ld  serial d ilu tions of th e  vaccine are adm in is­
te r e d  w ith  an in te rv a l o f 2 weeks to  m ouse g roups o f a p p ro p ria te  size. T en  
d a y s  la te r  3 subgroups a re  form ed and th e  an im als are challenged  w ith  109 
o rg an ism s of 3 B . bronchiseptica  te s t s tra in s , re sp ec tiv e ly , in to  th e  ta il vein. 
T h e  te s t  strains are  e q u a lly  h igh ly  v iru le n t, b u t  are d issim ilar in  all o th e r  
b io lo g ica l p ro te rties . D e a th s  are  recorded  for 7 days a fte r  challenge and  on th e  
7 th  d a y  th e  su rv ivors a re  ex am in ed  for sp leen  w eigh t re la te d  to  10 g bo d y  
w e ig h t. The vaccine is re g a rd e d  as h igh ly  ac tiv e  if  th e  m ice v acc in a ted  w ith  
h ig h  d ilu tions su rv ive  th e  challenge, and  as w ide-range if  th e re  is little  d iffer­
en ce , i f  any , betw een  th e  re su lts  of challenge w ith  th e  3 te s t  s tra in s .

EXPERIENCES OF VACCINATIONS AGAINST 
H A E M O P H I L U S  P L E U R Ü P N E U M O N L 4 E

L. M ó ln ak

N a tio n a l Veterinary In stitu te , Budapest

O n the basis o f o u r  ea rlie r resu lts , a b iv a le n t vaccine o f H aem ophilus  
pleuropneum oniae  se ro ty p e  1 an d  2 was p ro d u ced  an d  ap p lied  reg u la rly  on two 
sw ine  fa rm s from  M arch  1982. (i) On one fa rm  a to ta l  o f 10 464 pigs w ere 
v a c c in a te d  a t age o f 50 a n d  70 days. S im u ltan eo u sly  10 000 u n v acc in a ted  
p igs w ere left for co n tro l. N e ith e r  illness n o r d e a th  due to  th ese  m icroorganism  
o c c u rre d  in v acc in a ted  h e rd s , w hereas a t  th e  sam e tim e , 1540 an d  2890 contro l 
p ig s  w ere tre a te d  for H . pleuropneum oniae  in fec tio n s on th e  b a tte r ie s  an d  in 
f a t te n in g  groups, re sp e c tiv e ly , and  41 pigs d ied  o f such disease. E conom ic 
p a ra m e te rs  also p ro v ed  to  be  favourab le  for v a c c in a te d  pigs, (ii) On th e  o th e r 
f a rm  11 592 pigs were v a c c in a te d  a t 90 an d  110 th  days o f age an d  3180 u n ­
v a c c in a te d  anim als w ere le f t  as contro ls. A loss o f 0 .32%  of v acc in a ted  pigs 
a n d  t h a t  of 1.32%  od  u n v a c c in a ted  con tro ls  w ere reg is te red , m eanw hile 
t r e a tm e n t  ra tes s to o d  a t  9 .24%  and  2 7 .92% , resp ec tiv e ly . In  M ay 1983 
v a c c in a tio n s  were n o t c a rr ie d  ou t for tech n ica l reasons and  52 o f 1200 swine 
d ie d  as a resu lt o f H . p leuropneum oniae  in fec tio n  over a 9 -d ay  perio d  in sp ite  
o f  tre a tm e n ts .
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MATHEMATICAL FORMULATION OF IMMUNOLOGICAL 
EVENTS CONNECTED WITH THE DEVELOPMENT 

OF THE PRIMARY ANTITOXIC IMMUNITY UNDER 
THE INFLUENCE OF IMMUNOMODULATION

L.A . RÉTHY, M. GÉRESI and L. RÉTHY

P hylaxia Veterinary Biological Co., a n d  H u m a n  Inst itute fo r  Scrobacleriological 
Production and  Research, Budapest

K illed w hole-cell Brucella abortus an d  Brucella su is  suspensions were 
ap p lied  as a d ju v a n ts  in  ac tiv e  m ouse p ro tec tio n  te s ts  w ith  te ta n u s  a n d  Clostri­
d ium  perfringens-T)-(epsilon) to x o id s , (i) The Brucella  suspensions e x h ib ite d  
h igh degree of a d ju v a n c y  in s im u ltan eo u s  ap p lica tio n  w ith  th e  tw o  to x o id s . 
T he increase in an tig en ic ity  ran g ed  b e tw een  105-484% . (ii) To o b ta in  m ore 
in fo rm a tio n  ab o u t th e  ch a ra c te ris tic s  o f  ad ju v a n c y , th e  n u m erica l d a ta  y ie lded  
by  a po lynom ial eq u a tio n  were p rocessed  w ith  an analy sis  of v a rian ce , (iii) 
T he resu lts  un an im o u sly  show ed th e  id e n tity  o f re su lts  even  in rep e a te d  te s ts . 
C oncerning th e  co rre la tio n s in th e  co m p a ra tiv e  assays, th e  v alue  o f th e  to ta l-  
d e te rm in a tio n -co effic ien t (R 2 0.91 a t p %  1.0) an d  th e  one of th e  d e te rm in ­
a n t  coefficien t of lin ea rity  (r2/,-„ =  0.83  a t  p %  1.0) u n an im o u sly  show  a s tr ic t 
p a ra lle l ru n  of th e  tw o cu rves d e te rm in e d  by  th e  fu n c tio n  o f  im m u n o m o d u lan t-  
induced  a lte ra tio n s  in im m unogenec itics o f th e  tw o toxo ids.

IMMUNOMODULATION IN IMMUNIZATION 
PRACTICE IN ELDERLY: EFFECT OF THE 

INCREASED ANTIGEN DOSE

L. H e g e d ű s , L. B á c s k a i  and L. R é t h y

H u m a n  Institu te  fo r  Serobacteriological Production and Research. Budapest

To avoid  th e  u n n ecessary , m a in ly  L P S -ty p e  im m u n o m o d u la tn s ’ in t ro ­
d u c tio n  as am plify ing  ag en t of th e  h y p o fu n c tio n in g  im m u n e  a p p a ra tu s , th e  
im m u n e-am p lify in g  p ro p e r ty  o f th e  an tig e n  dose-increase was in v e s tig a te d  
w ith  im m unization  o f e lderly  people, (i) T he d o se -d ep en d en t increase in in d iv id ­
ual an tito x in  titre s  show ed a cause-effec t co rre la tio n  com ply ing  w ith  our 
earlie r find ings concern ing  th e  d e te rm in a tiv e  effect o f a g e -d ep en d en t im m u n e  
p o te n tia l. The aged vaccinées, in th e  sequence of in creasin g  an tig en  doses, 
ex h ib ited  increasing  a n tito x in  p ro d u c tio n . The average  o f  th e  a n tito x in  t i t r e s  
w as alw ays h igher th a n  th e  average  t i t re s  a fte r  th e  u su a l im m u n iza tio n  w ith  
co n v en tio n a l/ro u tin e  vaccine, (ii) T h e  p ro p o rtio n a lity  o f  in d iv id u a ls  w ith  low
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d eg ree  of im m u n ity  o r o f  ones w ith o u t an y  m easu rab le  a n tito x in  t i tre s , sign if­
ic a n t ly  decreased in  c o rre la tio n  w ith  th e  d e lib e ra te  (and  w ell-defined) increase 
o f  th e  an tigen  dose a p p lie d , (iii) G enerally  sp eak in g , we developed  an  adsorbed  
t e ta n u s  toxoid  w ith  th e  a d m in is tra tio n  o f w h ich  in aged people one can in ­
c rease  th e  p ro b a b ility  o f  th e  safe p ro te c tio n , ap p ly in g  tw o -sh o t im m u n iza ­
tio n  m ethod , (iv) W ith  in creasin g  th e  dose o f  th e  a n tig en , th e  b a lla s t a n tig en s’ 
a m o u n t will be in c re a se d  as well. This fac t can be th e  lim itin g  fac to r  o f free 
a d m in is tra tio n  o f th is  ty p e  o f im m uniza tion .

POTENCY TESTING OF CLOSTRIDIUM 
PERFRINGENS C TOXOID BY ACTIVE MOESE 
IMMUNIZATION TOXIN-CHALLENGE TEST

M. GÉRESI

P h y la x ia  Veterinary B iologicals Co., Budapest

A dap ting  th e  m e th o d  a lread y  e s tab lish ed  fo r th e  p o te n c y  te s tin g  o f 
te ta n u s  toxoid  by  a c tiv e  m ouse im m u n iz a tio n —tox in -ch a llen g e  te s t th e  follow ­
in g  re su lts  were ach iev ed  w ith  C lostrid ium perfringens  C to x o id , (i) T he o p tim u m  
in te rv a l  betw een im m u n iz a tio n  an d  to x in  cha llenge  was 3 -5  w eeks, (ii) R ep e­
a te d  te s ts  perfo rm ed  w ith  m ore th a n  6 m o n th s  in te rv a l h av e  show n th e  re p ro ­
d u c ib ility  of th is  s ta n d a rd iz a tio n  p rocedure , (iii) T he o p tim u m  to x in  challenge 
dose is no t m ore th a n  10 D LM  in tra v e n o u s ly , (iv) C om paring  th e  resu lts  o f 
th e  m ouse p ro te c tio n  te s ts  w ith  th e  ones o b ta in e d  in  ra b b i t  im m u n iza tio n s, 
th e  po lynom ial e q u a tio n  analysis show ed a w ell defined  p ara lle lism  betw een  
th e  re su lts , and  th e  s u b se q u e n t analysis of v a r ia n c e  ex h ib ited  a to ta l  d e te rm in a ­
t io n  coefficient o f R 2 =  0.87 a t  p %  1.0 a n d  a d e te rm in a n t coefficien t o f l i ­
n e a r i ty  of r2un — 0 .79 a t  p %  1.0. C onsidering th e  above re su lts , th e  developed 
m e th o d  m ay re p la c e  o r su b s ti tu te  th e  o ffic ia lly  p rescrib ed  m eth o d  (ra b b it 
im m u n iza tio n ).

ESCHERICHIA COLI EPS EXHIBITS 
ANTIDIPSOGENIC EFFECT IN THE BAT

A. F o c a , P . N i c o l e t t a , G. M a t e r a , О. M a s t r o e n i  and
A .P. Ca p u t i

Institu tes o f M icrobiology and  Pharmacology, School o f  M edicine , U niversity  o f  M essina ,
M essina , I ta ly

E ndogenous o p ia te  system s have b een  re p o r te d  to  be invo lved  in  th e  
p a th o p h y sio lo g y  o f  e n d o to x in  shock as well as in  th e  g u la tio n  o f th irs t . D rin k ­
in g  (m easured  as m l o f  ta p  w a te r d runk /100  g o f b o d y  w eigh t) was induced  in
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a d u lt m ale S prague D aw ley ra ts  b y :  (a) 48 h w a te r d e p riv a tio n ; (b) in trav en o u s  
in jec tion  o f e ith e r  hy p erto n ic  N aC l solu tion  (2 .9% ) or carbacho l (250 //1); 
an d  (c) su b cu tan eo u s  in jec tion  o f  isoprénaline (33.3 //g/kg). Eschvricliia coli 
L PS  (640 /ig/kg in trav en o u sly ) show ed  pow erful in h ib ito ry  effect on th irs t 
s tim u la te d  b y  w a te r d ep riv a tio n  (2 .2 6 ^ 0 .4 2  m l vs 5 .8 3 ^ 0 .5 1  ml in  saline 
tre a te d  an im als), isoprénaline in je c tio n  (0 .26-|-0 .09 m l vs 0.63-)-0.15 m l in 
con tro ls), NaCl h y p erto n ic  (0 .4 5 ^ 0 .0 6  ml vs 1.18-)-0.02 ml in con tro ls) and 
carbacho l in jec tion  (1.33-|-0.25 m l vs 2 .9 8 ^ 0 .2 4  m l in  contro ls). T he an ti-  
dipsogenic effect was dose d e p e n d e n t LPS 320—640—1280 //g/kg in tra v e n o u s ly  
an d  long -lasting  (over 24 h a f te r  1280 //g/kg) an d  re su lt to  be n e ith e r  a m ere 
consequence o f beh av io u ra l a l te ra t io n s  nor due to  e n d o to x in  p e rip h era l vaso- 
d ila ta tin g  p ro p ertie s . N aloxone (u p  to  240 //g/kg su b cu tan eo u sly ) d id  no t 
in fluence  en d o to x in  inh ib ition  o f  w a te r  in tak e , w hile an tid ip sogen ic  effect o f 
m orph ine  w as s tro n g ly  rev e rted . O n th e  c o n tra ry , a sp irin  p re tre a ted  an im als 
w ere less sensitive  to  en d o to x in  effec ts  on d rin k in g  b eh av io u r. D a ta  allow' to 
p o s tu la te  th a t  L P S  m ight a c t on c irc u m v e n tricu la r  o rg an s ly ing  o u ts id e  blood- 
b ra in  ba rrie r, w here i t  induces a lo ca lly , prolonged sy n th es is  of p ro s tag lan d in s . 
T hese, in tu rn ,  m igh t reduce th i r s t  b y  v a so d ila ta tin g  th e  cavernous s tru c tu re s  
of tho se  o rgans. D a ta  also s tro n g ly  exclude a ro le o f endogenous op io ids in 
end o to x in  in h ib itio n  of d rin k in g  b eh av io u r.

DEVELOPMENT AND POTENCY TESTING OF 
POLYVALENT PSEUDOMONAS AERUGINOSA

VACCINES

I .  J o ó ,  J .  L m o d ,  A . J a g i c z a  and Á. S z a m m e t

H um an  Institu te  fo r  Serobacteriological Production and  Research, Budapest

U sing F ish e r’s Pseudomonas aeruginosa  im m u n o ty p e  s tra in s  an d  cu ltu re s  
p ro d u ced  on ag ar m edium  and  in a New' B runsw ick (M ultiG en) fe rm en te r , we 
have  developed  p o lyvalen t v ac c in e s : (1) a c e to n e -in ac tiv a te d , w hole-cell 
freeze-dried  a n d  flu id  vaccines; (2) cell-free vaccines p rep a red  b y  e x tra c tio n  
w ith  d istilled  w 'ater of a c e to n e -in ac tiv a te d  bac te ria . T h e  freeze-dried  vaccine 
was considered  as th e  reference p re p a ra tio n . In  ac tiv e  m ouse p ro tec tio n  te s ts , 
b o th  w hole-cell an d  cell-free v acc in es  ensured  sa tis fa c to ry  p ro tec tio n  ag a in st 
challenge w ith  F ish e r’s 7 im m u n o ty p e s . Im m une  sera  o b ta in e d  in ra b b its  by 
im m u n iza tio n  w ith  p o lyvalen t w hole-cell vaccines show ed  excellent passive  
m o use-p ro tec tive  ab ility . N itro g en , ca rb o h y d ra te  a n d  lip id  c o n te n t o f  th e  
vaccines w as also determ ined .
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ASYMB10TIC NITROGEN FIXATION AND 

SYMBIOTIC COMPETITION OF RHIZOBIUM
MELILOTI

T. S ik  and I . B a r a b á s

In s titu te  o f Genetics. B io logical Research Center, H u ngarian  Academ y o f  Sciences, Szeged

T h e  n itrogenase a c t iv i ty ,  in d ep en d en t from  p la n t sym biosis was detec ted  
in  se v e ra l, m ostly slow g row ing  Rhizobium  species. Such e x p e rim e n ta l system  
w as w orked  ou t in  o u r  la b o ra to ry  for th e  d e te rm in a tio n  o f  non  sym biotic 
n i t ro g e n  fixa tion  in  th e  f a s t  grow ing R . m eliloti 41. The m e th o d  w as used to  
d e te c t  th e  n itrogenase gene (n if) function  in  non  n o d u la tin g  (N o d - ) an d  sy m ­
b io tic  ineffective ( F ix - ) m u ta n ts  or to  d is tin g u ish  n if  g en o ty p es am ong 
F i x -  m u ta n ts . The e ffic ien cy  o f R hizobium  soil ino cu lan ts  is n o t  o n ly  depending 
on  th e  n o du la tion  an d  n itro g e n  fix a tio n  c h a ra c te rs  of th e  ap p lied  s tra in  b u t also 
on  i t s  com petition , th e  a b il i ty  de term in ing  how  m uch f re q u e n tly  i t  is form ing 
sy m b io s is  w ith th e  c u l t iv a te d  p lan t in th e  presence of soil h a b i ta t ,  n a tu ra l 
p o p u la tio n . E x p e rim e n ta l sy s tem  was w orked  o u t for th e  c o m p a ra tiv e  d e te r­
m in a tio n  of the v ag u e ly  k n o w n  com petitio n  o f R . meliloti s tra in s . C om petitive 
a n d  n o n  com petitive F i x -  s tra in s  were selec ted  b y  p la n t te s ts  m ixed  inocu la ted  
in p a irs  w ith well c h a ra c te r iz e d  m u ta n ts , lysogenes and  defec tiv e  lysogenes. 
T h e  co m p etitio n  of v a r io u s  s tra in s  was d e te rm in ed  an d  co m p ared  b y  th e  n itro ­
g en a se  a c tiv ity  of sy m bioses re su ltin g  from  in o cu la tio n  w ith  F i x + an d  selected 
F i x -  popu la tions m ix ed  in  d ifferen t ra tio n s .

RNA-DEPENDENT BNA POETMERASE FROM 
LEAVES OF DATURA STRAMONIUM INFECTED 

WITH POTATO VIRUS X

O.A. K u s h n i r e n k o , V.G. K r a j e v , N .N . M a s h k o v s k y  and 
L.N. T rom sa

Zabolotny In stitu te  o f  M icrobiology and Virology o f  A cadem y o f  Sciences o f  the 
U krain ian  S S R , K ie v , U S S R

R N A -dependen t R N A  polym erase (R N A -replicase-) w as discovered 
in  m em b ran e  (31 000 g  p e lle t)  an d  soluble (31 000 g s u p e rn a ta n t)  frac tions of 
le a f  hom ogenates o f h e a l th y  an d  in fec ted  w ith  p o ta to  v iru s  X  (PV X ) d a tu ra
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p lan ts . T h e  o p tim a l cond itions n ecessary  for d isp lay  of en zy m atic  a c t iv i ty  an d  
genera l p ro p e rtie s  of R N A - d e p e n d e n t R N A  polym erase  w ere s tu d ie d . I t  w as 
show n th a t  enzym es o f m em b ran e  an d  soluble frac tions o f h o m o g en a te  differ 
from  each  o th e r. The difference b e tw een  th e m  is expressed  in  d iffe ren t re la tio n  
to  M g++ ions an d  buffer sy s tem  used for o b ta in in g  en zy m atic  e x tra c ts . As 
a re su lt o f  v iru s  in fection  th e  a c tiv ity  of m em b ran e-b o u n d  rep licase in c reased , 
reach in g  m ax im u m  on th e  4 th  d a y  o f in fec tion , while th e  p eak  o f a c t iv i ty  of 
so luble R N A -replicase is rev ea led  on th e  6 th  d ay  a fte r  in o cu la tio n  w ith  v iru s . 
T he a c tiv ity  o f  m em b ran e-h o u n d  R N A -rep licase  does no t depend  on exogenous 
te m p la te  w hereas th e  a c tiv ity  o f so luble  enzym e is s tim u la ted  in  th e  p resence  
o f P Y X  R N A . N either of th e  enzym es are sensitive  to  added  ac tin o m y c in e  D 
an d  deoxyribonuclease. E n zy m e a c tiv ity  was o p tim a l a t  p H  8 .0 -8 .2 . T he 
sy n th esis  o f  v ira l R N A  in v itro  b y  m em b ran e-b o u n d  rep licase p ro ceed ed  
lin ea rly  fo r 30 m in and  req u ired  th e  fo u r ribonucleoside tr ip h o sp h a te s  a n d  M g + + 
ions.

RHIZOBIUM MUTANTS OF HIGHER 
PRODUCTIVITY PRODUCED BY NEUTRON 

IRRADIATION
E . M a n n i n g e r , R. K ő v á r i  and P . B o r n e m is z a

Research In stitu te  fo r  Soil Science and A gricu ltura l Chem istry o f  the H ung a ria n  A ca d em y  
o f  Sciences, B udapest, Research In s titu te  fo r  Forage Crops, Bicsérd and In stitu te  o f  N uclear 

Research o f  the H ungarian  A cadem y o f  Sciences, Debrecen

O n th e  basis o f th e  p la n t te s t  a lucerne R hizobium  s tra in  w h ich  h ad  
p ro v ed  to  he o f high p ro d u c tiv ity , was tre a te d  w ith  a n e u tro n  g e n e ra to r  ra y  
source. T h e  dose app lied  killed 8 0 %  o f th e  cells. To c u ltiv a te  th e  su rv iv in g  
cells, th e  c u ltu re  was sp read  on th e  su rface  o f b ean  ag ar an d  in c u b a te d  a t  
28 °C. T w o-day-o ld  lucerne seedlings were in o cu la ted  w ith  th e  b a c te r ia l  cells 
o f 300 c u ltu re s  an d  of th e  co n tro l s tra in . Som e b a c te riu m  lines w hich fa v o u ra b ly  
in fluenced  th e  sym biosis of rh izo b ia  an d  h igher p la n ts  could be p ro d u ced .

STUDY OF mRNAs FROM DATURA STRAMONIUM 
LEAF TISSUE INFECTED WITH POTATO VIRUS X

L .F . D i d e n k o , V.G. K r a j e v , N .I. P a r k h o m e n k o  and 
L.A . M a x i m e n k o

Zabolotny Institute o f  M icrobiology and Virology , Academy o f Sciences o f  the 
U kra in ian  S S R . K iev , U S S R

T he frac tions of inR N A  w ith  a m olecular m ass o f 1.4x10°, 0 .34x10°,  
01.4x10°, 0 .85X 10s, 0 .3x10°  d a lto n s  w ere iso la ted  b y  PAAG e lec tro p h o res is
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te c h n iq u e  from  th e  to ta l  R N A  p re p a ra tio n s  o b ta in e d  from  polysom e-associ­
a te d  m R N P  of d a tu ra  le av es  on th e  4 th  d a y  a f te r  th e  inocu la tion  w ith  p o ta to  
v iru s  X . The frac tio n s  o f  m R N A  w ith a m o lecu la r m ass o f 1.4 X 10°, 0.34 X 10°, 
0 .14  X  10° and  0.85 X  105 d a lto n s  were iso la ted  fro m  th e  analogous p rep a ra tio n s  
o b ta in e d  from  th e  h e a lth y  p lan ts . In  th is  co n n ec tio n  th e  possib ility  o f th e  
tra n s la t io n  from  m R N A  o f PV X  p ro te in  (m o l.w t 0.3 X 10° 0.51 X 10° daltons) 
m a y  he assum ed. T h is is fo u n d  in m R N P  fro m  th e  in fec ted  p lan ts  and  ab sen t 
in  m R N P  from  th e  h e a l th y  ones. The fac t t h a t  m R N A , iso la ted  from  in d iv id u a l 
v iru s-spec ific  po lysom es o b ta in ed  by  in d ire c t im m u n o p réc ip ita tio n  tech n iq u e  
w ith  th e  use o f a n tis e ru m  aga in st P Y X  D -p ro te in , has a m olecular m ass of 
0 .2 1 -0 .4 3 x 1 0 °  d a lto n s  sp eak s in favour o f  th is  suggestion .

H E R B I C I D E  S E N S IT IV IT Y  O F  C O R O N IL L A  
RHIZOBIUM A N D  PSEUDOMONAS  R H IZO -  

B A C T E R IU M  S T R A IN S

R. B iró and M. K e c s k é s

Research Institu te  fo r  So il Science and A gricultural C hem istry o f  the H ungarian A cadem y
o f  Sciences, B udapest

T he effect o f  fo u r herb ic ides reco m m en d ed  for w eed con tro l o f crow nvetch  
(Coronilla  varia  L .) w as s tu d ie d  on 15 sy m b io tic , N 2-fix ing R hizobium  an d  15 
Pseudom onas  s tra in s  h a v in g  an tagon istic  p ro p e rtie s  to  th e  p o ten tia l pa thogen ic  
m icrobes of c ro w n v e tch . Pseudomonas s tra in s  iso la ted  from  th e  ecologically 
m o re  balanced rh iz o p la n e  o f crow nvetch  o rig in a tin g  from  one site  w ere less 
sen s itiv e  to  th e  in v e s tig a te d  herbicides th a n  th e  R hizobium  s tra in s  iso la ted  from  
n o d u les  of c ro w n v e tch  g row n a t ecologically d iffe ren t cond itions. A m ong th e  
fo u r  p rep ara tio n s  te s te d  in  norm al and  su p e r herb ic ide  doses (1 0 -3 g X d m -3 , 
1 0 ~ 4 g X  d m -3 , 1 0 -5 g X  d m -3,1 0 ~ ° g X d m “ 3) th e  linu ron  and  ch lo rob rom uron  
a p p lie d  p reem erg en tly  p ro v ed  to  be th e  m o st to x ic , th e  benefin  and  E PT C  
u se d  in  presow ing w ere less inh ib iting . D a ta  e s tab lish ed  on th e  sen s itiv ity  of 
th e  in v estig a ted  b a c te r ia l  s tra in s  could he u se fu l for th e  s tra in  selection  of 
seed  inoculation .
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SE R O L O G IC A L  C O M P A R ISO N  O F FUSARIUM 
OXYSPORUM RACES

L. H o r n o k  a n d  M. R a t a j - G u n a r o w s k a

Research Institu te  fu r  Plant Protection, B udapest, H ungary, and  Institu te  o f  P lant 
Genetics, Poznan, Poland

T he f ungus F usarium  oxysporum  causes vascu la r w ilt o f c u ltiv a te d  p la n ts . 
M any p a th o g en ic  s tra in s  d e s ig n a te d  as form ae spéciales (in fecting  d iffe ren t 
p la n t species) ex is t w ith in  F. oxysporum  and  som e o f th e se  consist o f  severa l 
physio logical races (infecting  d iffe re n t p lan t cu ltiv ars). S ince form ae spéciales 
an d  physio log ica l races differ o n ly  in  patho log ical c h a ra c te rs , an d  n o t in th e ir  
m orpho logy , th e re  are d ifficu lties  in  th e ir  in v itro  d iffe ren tia tio n . Two races 
o f F\ oxysporum  f.sp. lu p in i  w ere  com pared  sero logically . A n tise ra  ag a in s t 
race 2 and  race 3 of th e  ag en t w ere  p rep ared  in  ra b b its , using  con id ia  and  
w ater-so lub le  m ycelial e x tra c ts  fo r im m unization . W h en  an tigen ic  sam ples 
o f  th e  tw o races were an a ly sed  in  tandem -crossed  im m u n o elec tro p h o resis , 
53 p rec ip itin  lines (an tigens) w ere d e tec ted . The g rea t m a jo r ity  of these  an tig en s 
w ere com m on to  b o th  races, b u t  one cha rac teris tic  a n tig e n  was specific for 
race  3.

ISO L A T IO N  A N D  ID E N T IF IC A T IO N  O F  FUSARIUM 
S T R A IN S  O R IG IN A T IN G  FROM  C A B B A G E

M . P e s t i , В .  M a c z á k  and  A .  M e s t e r h á z y

Research Institu te  o f  Seed P roduction  and  Trading C om pany , Szentes , and Cereals
Research Institu te , Szeged

V arious F u sarium  iso lates w ere  o b ta in ed  from  cab b ag e  ( Brassica oleraceu 
v a r . capitata  L.) by  a single cell iso la tio n  m ethod . M ost o f  th em  p ro v ed  to  be
F . oxysporum , w hile o thers w ere F . fusaroides, F . m oniliform e, F. equiseti, 
F . so lan i, F. m oniliform e  an d  F . sem itectum . The p a th o g e n ic ity  o f iso la tes an d  
physio log ical races o rig in a tin g  fro m  in te rn a tio n a l co llections of F. oxysporum  
Schl.f.sp . conglutinans  (W olenw ) S n y d er and  H an sen  w ere d e te rm in ed  by  
a rtific ia l in fec tion  of p la n ts  in  a  g reenhause m a in ta in e d  a t  ap p ro x im a te ly  
26 °C; n ea rly  all th e  m em bers o f  th e  cabbage tr ib e  an d  som e o th e r Cruciferae 
c u lt iv a te d  in  H u n g a ry  were used . M ost of the  F . oxysporum  iso lates were 
pa th o g en ic  for th e se  cu ltiv a rs . A ll H u n g arian  cab b ag es w ere m ore or less 
sensitive  to  F . oxysporum  f.sp. conglutinans  race 1, b u t som e o f them  seem ed 
to  y ield  re s is ta n t v arie ties by  m ass selection. These ex p e rim en ts  w ere begun  
in a c lim atic  ch am b er a t  2 4 ^ 0 .5  °C to  develop c u ltiv a rs  h av in g  m onogenic 
hom ozygous d o m in an t res is tan ce  (Foc/Foc).
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ISO L A T IO N  O F Y E R R U C A R I N  J , S A T R A T O X IN S  G 
A N D  H FR O M  ST ACHY BOT RYS ATKA IN F E C T E D  

B E D D I N G  S T R A W  OF SP O R T S H O R S E S  W IT H  MASS
D IS E A S E

M. H a r r a c h , A. B a t a , F . V e z é r  a n d  B .  B u r u c s

Veterinary M edical Research Institu te , H ung a ria n  A cadem y o f  Sciences , Department 
o f  B iochem istry and Food Technology , Technical U niversity , and H u ngarian  Horse-race

C om pany , B udapest

S tach y b o try o to x ico s is  (lesions a ro u n d  th e  m o u th  an d  on  th e  nose, nose­
b leed in g ) occurs reg u la rly  in  th e  stab les of th e  H u n g a rian  H orse-race  Com pany. 
In  M ay  of th is yea r, a lm o s t all an im als o f th e  rid ing-schoo l, a b o u t 100 sports 
h o rse s , show ed sy m p to m s o f m ore or less severe disease. A couple of weeks 
e a r lie r , horses h ad  go t ill a t  th e  tro t t in g  racecourse, an d  even  th e  w orkers 
lo a d in g  th e  m ouldy  s tra w  h ad  com plained  o f  nose-b leed ing . W e isolated  
v e r ru c a r in  J , sa tra to x in s  G a n d  H  from  th e  Stachybotrys atru  in fec ted  bedding 
s tra w  sam ples by  m e th a n o l e x tra c tio n , p e tro leu m  e th e r-w a te r  p a r titio n , silica 
gel l iq u id  c h ro m a to g rap h y , th e n  h ig h -p ressu re  liqu id  ch ro m a to g ra p h y  using 
re v e rse  phase colum n. T h e  chem ical id e n ti ty  of these  m acrocyclic  tricho the- 
cenes o f  th e  m ould S. atra  w as verified  also b y  cap illa ry  gas ch ro m ato g rap h y  
a f te r  th e ir  tra n se s té r if ic a tio n  to  verru ca ro l, an d  th e ir  to x ic ity  w as checked 
b y  b r in e  shrim p te s t .  T h is is th e  f irs t d iagnosis of horse s tach y b o try o to x ico sis  
v e r if ie d  b y  an a ly tica l re su lts , a fte r s tach y b o try o to x ico s is  o f  sheep and  calves 
h a d  b een  verified  in  th is  w ay  b y  us earlier.

SOME F A C T O R S A F F E C T IN G  G R O W T H  A N D  
SYM BIO TIC P R O P E R T I E S  OF RHIZOBIUM 

JAPONICUM  B A C T E R IA

T.M . E l - E s s a w i

Soil Science D epartm ent, F aculty  o f  A gricu ltu re , K a fr  E l-Sheikh , T a n ta  University,
Egypt

G row th  b e h av io u r o f  th ree  effective b ac te ria l s tra in s  of Rhizobium  
ja p o n ic u m  were te s te d  a g a in s t d ifferen t te m p e ra tu re s , co n cen tra tio n s  of tw o 
a n tib io tic s  and tw o fung ic id es . T he se n s itiv ity  of these  b a c te r ia l s tra in s  against 
3 fu n g a l and  3 a c tin o m y c e ta l s tra in s  w ere de te rm in ed . In  a d d itio n , th e  sym bio­
tic  p ro p ertie s  of th e se  b a c te r ia l s tra in s  w ith  th e ir  so y b ean  h o st p lan t (var. 
C la rk )in  presence a n d  absence  o f d iffe ren t doses of N P  fe rtilize rs  and  m olyb-
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elemim, boron  árul th e ir  m ix tu re s  w ere in v es tig a ted . T he b ac te ria l s tra in s  w ere 
ab le  to  grow  a t 12 °C a n d  40 °C as well as a w ide sp ec tru m  o f n e u tra l  sa lt 
cond itions. A lkaline salts w ere th e  m ost h a rm fu l to  rh izob ia . R h izob ia l s tra in s  
b eh av ed  d iffe ren tly  ag a in s t th e  tw o an tib io tic s  an d  th e  tw o fungicides used. 
In o cu la tio n  o f soybean  p la n ts , d ressing  w ith  P  an d  N fertilizers m ark ed ly  
b en efited  soybean  b u t in c u b a tio n  on ly  seem ed su ffic ien t to  ge t h igh p ro d u c t 
o f high pro te in  c o n te n t. D ressing  w ith  h igher N P  levels m ark ed ly  decrease th e  
free am ino  acid c o n ten ts  o f so y b ean  d ry  m a tte r . B oron  an d  m o ly b d en u m  w ere 
of m ark ed  beneficial effect w hen  ad d ed  to  in o cu la ted  p lan ts  a t 0.5 an d  4 p p m  
a n d  th e ir  m ix tu re  a t  1 p p m , resp ec tiv e ly .
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PSEUDOMONAS AERUGINOSA T E S T  IN T H E  
Q U A L IF IC A T IO N  O F  D A N G E R O U S  W A ST E S

Z. S z a b ó , C s . D o b o l y i  a n d  N. E k e

N ational Institu te  o f  H ygiene , Budapest

Besides th e  tra d itio n a l m e th o d s  (D ap h n ia , G u p p y , S inapis) fo r th e  
tox ico log ical e x am in a tio n  o f dangerous w astes co n ta in in g  h eav y  m e ta ls  an  
increasing  d em an d  o f th e  use o f  p ro ca ry o tic  organ ism  has arisen . T h e  new  
te s t  system  developed  on th e  basis  of in v itro  g ro w th  in h ib itio n  b y  h eav y  
m eta l ions ( P b + + , C d + + , As + + +) o f Pseudom onas aeruginosa  is a v a ilab le  to  
a d ju s t th e  com prehensive  tox ico log ica l ex am in a tio n  o f  th e  in d u s tr ia l w astes 
co n ta in in g  th e  e x tra c t  o f th e  sam p le  a t  d ifferen t co n cen tra tio n s  is in c u b a te d  
for 24 h a t 37 °C w ith  th e  cell-suspension  of P. aeruginosa. T ox ic ity  of th e  sa m ­
ple is expressed  as t in 1 h ighest d ilu tio n  in h ib itin g  g ro w th .

P R O T E IN S  I D E N T I F I E D  IN  m R N P  FR O M  DATURA 
STRAMONIUM L E A V E S  IN F E C T E D  W ITH POTATO

VIRUS X

V.G. K r a j e v , L .F . D i d e n k o  a n d  N .I. P a r k h o m e n k o

Zabolotny Institu te  o f  M icrobiology and Virology, A cadem y o f  Sciences o f the 
U kra in ia n  S S R , K iev , U S S R

T he p ro te in s w ith  th e  m o lecu lar m ass of 90 000, 75 000, 57 000, 25 000 
an d  22 500 d a lto n s w ere found  b y  th e  PA  AG e lec trophoresis  m e th o d s  in 
m R N P  iso lated  from  in d iv id u a l po lysom es o f d a tu re  le a f  tissue  o b ta in ed  by
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in d ire c t  im m u n o p ré c ip ita tio n  techn ique  w ith  th e  use an tise ru m  ag a in s t D- 
p ro te in  o f p o ta to  v iru s  X . T h e  pro te ins o f 92 000, 78 000, 25 000, 23 000 d a ltons 
w ere  fo u n d  in cy to p lasm ic  m R N P  o b ta in ed  b y  th e  sam e tech n iq u e . T he m olecu­
la r  m ass PV X  coat p ro te in  corresponds to  23 000-24  000 d a lto n s  accord ing  
to  P A A G  elec trophoresis d a ta .  The serological re la tio n sh ip  o f p ro te in s  w ith  
22 500 and  23 000 d a lto n s  found  in m R N P  to  PV X  coat p ro te in , id en tified  
b y  m ean s  of O u ch te rlo n y  do u b le  diffusion re a c tio n , ind ica te  t h a t  these  p ro te in s 
a re  analogous to  s t ru c tu ra l  v iru s  p ro tein .

U T IL IZ A T IO N  O F  T H E  B IO M A SS P R O D U C E D  BY  
A STREPTOMYCES S T R A IN  F O R  F E E D I N G

P U R P O S E S

F. B l J D A Y ,  S. S z O B O S Z L A Y , G .  T Ö R Ö K ,  Z. G E R G E L Y  a n d

K .  K e s z t h e l y i

U niversity  o f  A gricu ltu ra l Sciences, Gödöllő, D epartm ent o f  M icrobiology, U niversity  
o f  Agricultural Sciences, Gödöllő, and Research S ta tion  o f  Game- B iology, Petőfi 

A g ricu ltu ra l Co-operative, D unavarsâny

T he Streplomyces s t r a in  used in ou r ex p e rim en ts  has been iso la ted  from  
th e  soil of a young p in e -fo re s t and was id e n tif ie d  accord ing  to  th e  tax o n o m y  
o f  H ii t te r  as Streptom yces lavendulae. The s tra in  show ed s ign ifican t in h ib ito ry  
e ffec t o f Staphylococcus aureus  PCI 209 P ; Escherichia coli В ATCC 9723; 
B a c illu s  subtilis 6633; B acillu s  radiobacter ATCC 6466; Sarcina  lutea ATCC 
9341 ; Serratia marcescens N R L L -B  486; M ycobacterium  ph le i ATCC 10142; 
M ycobacterium  sm egm atis  ATCC 607; Streptom yces griseus CBS 3496. L a b o ra ­
to r y  scale th en  p ilo t p la n t  fe rm en ta tio n  w as p erfo rm ed  for ab o u t 100 h in 
a n u tr ie n t  m edium  co m p o sed  of inexpensive in g red ien ts . S p ray -d ry in g  o f th e  
fe rm e n ta tio n  liquor y ie ld ed  a yellow ish p o w d er o f high p ro te in  c o n te n t, ab o u t 
4 %  lysine  con ten t a n d  a n tib io tic  a c tiv ity . T h e  b iom ass p ro d u ced  in this 
m a n n e r  was added  to  th e  fe e d s tu ff  a t d iffe ren t ra te s  and  fed to  p igs, hens and  
geese. U pon tin- effect o f  feed ing , increased gain  in w eight, decreased  m o rta lity  
a n d  b e tte r  feed stu ff u ti l iz a tio n  were o b serv ed  as co m p ared  to  th e  con tro l.
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ISO L A T IO N  A N D  G E N E T IC  A N A L Y S IS  OF T H E  59  
T E M P E R A T E  P H A G E  ERWINIA CAROTOVORA 29»  

C L E A R -P L A Q L E  M U T A N T S

V . G .  P lL I P E N K O  and O . A .  D l D Y K

Zabolotny Institu te  o f  M icrobiology and Virology, A cadem y o f  Sciences o f  the 
U kra in ian  S S R , K iev, U S S R

T he c lea r-p laq u e  (c-) m u ta n ts  of the  te m p e ra te  phage 59 of E rw in ia  
carotovora 268 w ere ab le to  lysogenize the  sen s itiv e  E rw inia  horticola 450 w ith  
a low ered ly sogen iza tion  frequency . U V -light p h ag e  m utagenesis w as ca rried  
o u t and  m u ta n ts  fo rm ing  clear p laques on E . horticola 450 were p ick ed . T he 
frequency  o f c -m u ta n ts  fo rm atio n  w as not m ore  th a n  3.5 X 10 ’. All c -m u ta n ts  
w ere d iv ided  in to  5 co m p lem en ta tio n  g roups (C j- C j). All of the  g ro u p  C3 
and C, m u ta n ts  com plem en ted  n o t  only one a n o th e r , h u t also every  o f  th e  
g roup  Cj, C., an d  C 5 m u ta n ts . N one of th e  g ro u p  C„ m u ta n ts  co m p lem en ted  
those  o f th e  g roup  C, and  C-. Som e of c -m u ta n ts  com plem ented  none o f  th e  
m u ta n ts , h u t th e y  w ere ac tiv e  on E. horticola 450 lysogenized w ith p h ag e  59. 
This suggests th a t  th e  m u ta tio n  is located  in  th e  phage o pera to r reg ion(s). 
P hysio logycal p ro p ertie s  o f  ce rta in  m u ta n ts  in each  co m plem en ta tion  g ro u p  
w ere s tu d ied . I t  m ay  be concluded  th a t  e s ta b lish m e n t an d  m a in ta in an ce  o f  th e  
lysogenic s ta te  in  E . carotovora 268 phage 59 a re  p ro b a b ly  m ore c o m p lic a te d  
th a n  in o th e r  well in v es tig a ted  phages as P.,., e tc .

A S I M P L IF IE D  SC H E M E  F O R  ID E N T IF IC A T IO N  
OF BACILLUS S P E C IE S  IN EC O LO G IC A L S T U D IE S

T. D e á k  and É. T imah

D epartm ent o f  M icrobiology, U niversity o f  H orticulture, Budapest

In ecological su rveys co n n ec ted  w ith  food techno log ies or o th e r p ra c tic a l 
app lica tio n s it is o ften  necessary  to  id en tify  g re a t n u m b er of s tra in s . H en ce  
it is p rac tica l to  devise sim plified  id en tifica tio n  schem es enabling qu icker w ork  
an d  m ore facile h an d lin g  o f num ero u s iso lates. F o r co n stru c tio n  of ou r schem e 
we set o u t from  th e  accep ted  ch a rac te ris tic s  o f v a lid ly  described species o f  th e  
genus Bacillus. O ut o f th e  c h a ra c te rs  we se lec ted  those  diagnostic  te s ts  w h ich  
ap p eared  m ost e ffic ien t for id en tifica tio n . T h e  schem e applies 5 c h a ra c te rs  
only . These a re : g row th  an ae ro b ia lly , h y d ro lysis  o f s ta rc h , ox idation  o r fe r­
m en ta tio n  o f  glucose, Voges P roskauer reac tio n  an d  m icroscopic a p p e a ra n ce
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(e.g . sw elling  of sp o ran g iu m ). These te s ts  c an  be  perform ed by  using 3 d iffe ren t 
m e d ia  on ly . In  a few cases, how ever, som e ad d itio n a l te s ts  are re q u ire d  to  
a ss ig n  th e  fina l id e n ti ty  o f  a s tra in  (e.g. re d u c tio n  of n itra te , salt to le ran ce ). 
B y  th is  sim plified  m e th o d  we te s ted  a b o u t 200 stra ins iso la ted  fro m  spices 
o f  d iffe re n t typ es an d  orig in  (p ap rika , b la c k  peppers) as well as from  spoiled 
b re a d . T he m ost f re q u e n tly  found species w ere as follows: B. licheniform is, 
B . su b tilis  and  B. p u m ilu s .  A m ong 50 iso la te s  from  sam ples of soil a n d  sewage 
th e  d o m in a tin g  species w as B. cereus su b sp . mycoides an d  in a d d itio n , B. 
lich en ifo rm is , B . sub tilis  a n d  B. p o lym yxa  w ere also frequen t. In  g en era l, the  
s p e c tru m  of o th e r species w as b ro ad e r th a n  in spices,

C H A R A C T E R IS T IC S OF ERWINIA CAROTOVORA 
268 P O L Y L Y S O G E N Y

Y u . A. G r i g o r y a n , F .I .  T o v k a c h , V .I. R u b a n  a n d  Y a.G . K i s h k o

Zabolotny In stitu te  o f  Microbiology and V irology, Academy o f  Sciences o f  the 
U krainian S S R , K iev , U S S R

E rw in ia  carotovora 268 appeared  to  be po lylysogenic. In  th e  p re se n t w ork 
we sh o w ed  th a t  lysogen ic  induc tio n  h ad  a seasonal c h a rac te r  w ith  a phage 
y ie ld  p e a k  in A pril M ay a n d  S ep tem b er—N o v em b er, w hereas in o th e r  periods 
erw in io c in es  were p ro d u c e d . Lysogenic c o n v e rtio n  Mas c h a rac te rized  b y  an 
in a b i l i ty  to  adso rb  hom oim m une p h ag e  a n d  te m p e ra te  v iru s  d e a r -m u ta n ts  
on  lysogen ic  cells. A fter lysogenic in d u c tio n  we detec ted  th e  p e rm a n e n t 
p re sen ce  of th ree  v iru ses  (49, 59 an d  E 105). On E . horticola 450 we o b ta in ed  
a few  tra n s p a re n t  colonies called p ro v is io n a lly  [»liage 69 in  c o n tra s t  to  tu rb id  
co lon ies form ed b y  p h ag e  49. S tudy ing  in te ra c tio n s  betw een phages on  a r tif ic ­
ia lly  lysogenized  c u ltu re  o f E . horticola 60 a n d  450 (singular and  doub le  lysogens 
E . horticola  60/59, 450/59, 49), we h av e  sh o w n  th a t  phages 49 an d  69 infec ted  
E . horticola  lysogenic w ith  phage 59 w 'ith th e  sam e effectiveness as th e y  did 
i t  w i th  th e  in itia l one ( th e  p ercen tage  o f  lysogenized  cells did n o t d ep en d  on 
th e  p resence  of p ro p h ag e  59).
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T H E  R E S T R IC T IO N A L  A N A L Y S IS  O F T E M P E R A T E  
P H A G E S  D N A  OF ERWIN IA

Y a.G . K i s h k o , F .I . T o v k a c h , Y u.A . G r i g o r y a n  and V .I. R u h á n

Zabolotny Institu te  o f  M icrobiology and Virology. A cadem y o f  Sciences o f  the 
U kra in ia n  S S R , K iev , U S S R

T he effect o f th e  re s tr ic ta se s  on genom es of te m p e ra te  phages 59, E 105, 
49 an d  69 o f th e  defective p o ly lysogen ic  cu ltu re  of L -asp arag in ase  p ro d u c in g  
E rw in ia  carotovora 268 has b een  s tu d ie d . By d e te rg en t-p h en o l m e th o d  we iso­
la ted  th e  D N A  from  th e  p u rif ied  p re p a ra tio n s  of phages 59, E105, 49 a n d  69 
grow n on E rw in ia  horticola 60 a n d  450. The DNA p re p a ra tio n s  were su b je c te d  
to  hydro lysis  b y  endonucleases E co  R I, H ind  I I I  an d  Cfr 61. Phage 59 D N A  
h ad  10 sensitive  sites for re s tr ic ta s e  Eco R I, 15 for H in d  I I I  an d  21; fo r Cfr 61 
phage E l 05 D N A  had  no sen s itiv e  sites for Eco R I an d  H in d  I I I ,  b u t  was 
hyd ro ly zed  by  Cfr 61 a t  21 fra g m e n t. The e lec tro p h o re tic  p a tte rn s  for D N A  
p re p a ra tio n s  o f th e  phages 49 a n d  69 d igested  w ith  re s tr ic ta se s  Eco R I , H in d  
I I I  an d  Cfr 61 arc  id en tica l (re sp ec tiv e  num ber o f frag m en ts , 10, 18 an d  19). 
R e stric tio n  frag m en ts  e lec tro p h o res is  in 1 -1 .2 %  agarose h av e  show n th a t  
av erag e  D N A  m olecu lar w eigh ts a re  28.14 and  31.00 MD for th e  p h ag es 59 
an d  49/69, re spec tive ly . The v a lu e  25.84 MD for phage E105 DNA is n o t fina l, 
as it was o b ta in e d  by  h y d ro ly s is  w ith  one enzym e only . As th e  re s tr ic tio n  
frag m en ts  of phage 49 and  69 D N A s are iden tica l, p h ag e  69 seem s to  be a 
c le a r-m u ta n t o f phage 49 w ith  a s ite  one m u ta tio n , n o t a deletion . T he genom e 
sequence  co lin ea rity  is p rese rv ed .

PSEUDOMONAS SYRINGAE  PV. SYRINGAE  AS 
A N E W  P A T H O G E N IC  A G E N T  OF P E P P E R  P L A N T S

M. H e v e s i

Plant Protection In stitu te , H u n g a ria n  Academ y o f  Sciences , B udapest

In  1982 a n d  1983 a c h lo ro tic a l leaf-spot disease ap p ea red  a t  th e  S ou th  
reg ion  of H u n g a ry  on p ep p er. T h e  pathogen ic  ag en t Pseudom onas syringae  
p v . syringae  v a n  H all also a t ta c k s  veins, petio ls, b u d s  a n d  to p  o f sh o o ts  o f 
p ep p e r p la n ts  h u t  docs n o t a t ta c k  th e  fru its . The p ep p er s tra in s  of th e  o rgan ism  
also in fec t leaves, ap rico t b ra n c h e s  an d  fru itle ts  o f c h e rry  an d  a p ric o t an d  
cu cu m b er p la n ts . This p ep p er d isease in tensive ly  sp read s on fie ld  w hen  th e  
w e a th e r tu rn s  cold a fte r  a w a rm e r period . The se n s itiv ity  o f p ep p er c u ltiv a rs  
w ere d iffe ren t, th e  an tib io tic  “ K a su m in  EC ”  (Ja p a n ) p re v e n te d  th e  d ev e lo p ­
m en t o f th e  disease in g reen h o u se  experim en ts.

- I d a  M  i c r o b io lo g ic a  11 a  u g a r i r a  3 1 ,  1 0 8 1
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I N F L U E N C E  O F  SOME P E S T IC ID E S  ON T H E  
B A C T E R IA L  F L O R A  OF T H E  U P P E R -T I S Z A  A N D

SZAMOS

S. B a l á z s t , M. P á l , Gy. D e á k , Á .  B a l o g h , В. B í r ó  a n d

M. K e c s k é s

B essenyei György Teacher's T ra in in g  College, N yíreg yh á za , and Research In stitu te  fo r  Soil 
Science and A gricu ltura l C hem istry o f the H ungarian  A cadem y o f  Sciences. Budapest

T h e effect o f te n  pestic ides (fungicides, insectic ides an d  herbicides) 
used  in high q u a n tity  in  S zabo lcs-S za tm ár c o u n ty  in 1981 an d  1982 was s tu d ied  
on th e  b ac te ria l flo ra  o f  th e  n o n -po llu ted  reg ion  o f th e  U pper-T isza  a t T iv ad ar, 
its  p o llu te d  region a t  V ásá ro sn am én y  an d  th e  p o llu ted  Szam os before flow ing 
in to  th e  Tisza. All th e  te s te d  pesticides decreased  th e  “ to ta l ’ n u m b er of 
b a c te r ia  in all sam p lin g  p laces p ro p o rtio n a lly  to  th e  doses (1 0 -li g X d m -3, 
10~J g X dm  3and  10- 4 g X  d m  :!) and  tim e o f exposu re  (4, 8 an d  12 h). B ac te ria  
o ccu rin g  in  the  Szam os r iv e r  were the  m ost re s is ta n t to  th e  pestic ides s tu d ied . 
A t th e  T iv ad ar reg ion  th e  ch lo rb ro m u ro n , tr if lu ra lin , te rb u try n e , m ethy l 
p a ra th io n  pesticides, a t  th e  V ásárosnam ény  reg ion  th e  b en efin e , a k tin it P K , 
h en o m y l, m ancozeb, D N O C , d im ethoa te  w ere th e  m ost to x ic  to  th e  b ac te ria .

T H E  COAT P R O T E IN  OF R E D  C LO VER MOTTLE
VIRUS

L .G . L a p c h i c  a n d  L .L . K u z n e t s o v a

Zabolotny Institu te  o f  M icrobiology and V irology , A cadem y o f  Sciences o f  the 
U kra in ian  S S R , K ie v , U S S R

T hree  pro te in  s u b u n its  w ith  th e  m o lecu la r w eights 39 .2-J-0.8, 20 J-Ö.8 
a n d  1 8 .5 ^ 0 .4  k ilo d a lto n s w ere detec ted  in  th e  d issociated  co a t p ro te in  of red 
c lover m o ttle  v irus s tr a in  U -l by  g rad ien t p o ly ac ry lam id e  gel (15 -30% ) slab 
e lec trophoresis . A nalysis o f  th e  pro te in  o f  th e  se p a ra te d  e lec tro p h o re tic  form s 
o f  th is  s tra in  rev ea led  tw o  p ro te in  su b u n its  in  th e  forms- T h ey  differ in the  
m o lecu la r weights o f th e  second  p ro te in  su b u n it :  as a ru le th e  slow -m igrating  
fo rm  con ta in s the  18.5 k ilo d a lto n s  p ro te in s  an d  fa s t-m ig ra tin g  form  20 kilo­
d a lto n s  p ro te in . T he a m o u n t of th e  fast fo rm  decreased  w ith  age of in fection  
co n sid e rab ly  and  th a t  o f th e  slow form in c reased  co rrespond ing ly . The conver­
sion o f  th e  fast to  th e  slow  form s seems lik e ly  due  to  p ro teo lysis  o f th e  20 k ilo­
d a lto n s  p ro te in  re su ltin g  in  the rem oval o f  th e  1.5 k ilo d a lto n s o ligopeptide.
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I ndustria I ni icrob io log y

BIOTECHNOLOGICAL UTILIZATION OF 
MICROBIOLOGY IN DEVELOPING AND 

INDUSTRIALIZED COUNTRIES OF THE WORLD

Р .Л . HiAcs

Food Research Center, B udapest

T he in te rd isc ip lin a ry  sphere  o f b io tech n o lo g y  is based on b io ch em is try , 
m olecular b io logy  an d  b ioengineering  (fe rm e n ta tio n ) and  represen ts one o f  th e  
dynam ic  developing , p rac tica l tech n ica l p ro g ram m es in  th e  field o f re sea rch  
and d ev e lo p m en t. In  several coun tries of th e  w orld , tra d itio n a l an d  new  b io ­
technological processes are  d ea lt w ith , and  new  sc ien tific  resu lts, e m in e n tly  
gene tech n iq u es  are  ex p ec ted  to  m odernize th e m . C onsidering ta rg e ts  o f th e  
p rac tice , five sig n ifican t fields have  been e s tab ilish ed  bo th  in the d eve lop ing  
and  th e  in d u stria liz ed  developed  countries: (i) In  th e  field of public h e a lth , 
reducing  genetic  o r w idesp read  diseases (e. g. haem oglob in -dam age, tro p ic a l 
diseases), (ii) N ew  p la n t species in a g ricu ltu re  an d  food p rod u c tio n , new  te c h ­
nics of p ro p a g a tio n  in an im al h u sb an d ry , (iii) Use o f biom ass as new  ra w  
m ate ria l in th e  fied  of in d u stria l processing, (iv) P ro d u c tio n  of b iogas an d  
bioalcohol in th e  field of energy  carries and  fuels, (v) B io technological re su lts  
o b ta in ed  in  en v iro n m en ta l p ro te c tio n  (e. g. n itro g e n -fix in g  b ac te ria  as s u b ­
s titu e n ts  for chem ical fertilizer). T o d ay  a lread y  a b o u t 15 20 genetic su b s ta n c e s  
(D N A  m olecules) can  be p ro d u ced  in  a sy n th e tic  w ay  an d  can he in c o rp o ra te d  
in m icroorgan ism s to  ex ert th e ir  effect th e re .

PROTOPLAST FUSION AND PROTOPLAST 
TRANSFORMATION IN MICROMONOSPORA SP.

M. S ziGETVÁRI-Ga b ÁNYI and M. JÁRAI 

C hinoin  Pharm aceutical and Chemical W orks Ltd.. Budapest

O ur s tra in  im p ro v em en t p ro g ram  o f am inog lycoside  an tib io tics p ro d u c in g  
M icrom onospora  includes th e  use of re c o m b in a n ts , tra n sfo rm a n ts , fu sed  
p ro to p la s ts  an d  tra n sfo rm e d  p ro to p la s ts . E x p e rim e n ts  to  in v es tig a te  th e  
p ro to p la s t fusion in M icromonospora  have been  ca rried  ou t w ith  a u x o tro p h ic
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an d  r ifa m p ic in  re s is ta n t m u ta n ts  of M icrom onospora olivoasterospora. The 
fre q u e n c y  o f  p ro to p la s t fusion  v a ried  be tw een  1.2 X lO -5 and  9.0 x l O -4 being  
c a lc u la te d  on reg en era ted  p ro to p la s ts . T he p re lim in a ry  resu lts  g iven  b y  in te r ­
sp ec ific  p ro to p la s t fusion show  th a t  th is  te c h n iq u e  is su itab le  to  p ro d u c e  new 
h y b r id  s tra in s  being able to  b io sy n th e tise  new  an tib io tics. In  p ro to p la s t 
t ra n s fo rm a tio n  ex p erim en ts  th e  o p tim a l a m o u n t of DNA w as found  to  be 
2 . 0 x l 0 —7 m cg/c.f.u . U sing D N A  o rig in a tin g  from  Mild ty p e  donor, th e  t r a n s ­
fo rm a tio n  frequency  is b e tw een  1 . 5 x l 0 -7 an d  4 . 8 x l 0 -5 . In te rsp ec if ic  p ro to ­
p last tra n s fo rm a tio n  has also been ca rried  o u t;  th is  tra n sfo rm a tio n  freq u en cy  
is lo w er th a n  th a t  of in tra sp ec ific  one. The gene tic  analysis o f th e  re c o m b in a n ts  
a n d  tra n s fo rm a n ts  sIi o m s  th e  m a jo rity  o f th e  clones to  be rec o m b in a n t p h en o ­
ty p e  b u t  s tra in s  were also iso la ted  h a v in g  a segregation  p a t te rn  ty p ic a l  of 
h e te ro k a ry o n s .

INVESTIGATION OF BETA-LACTAMASE INHIBITORY 
EFFECT OF PENAM SKELETON TYPE COMPOUNDS

M. F i l e p , 1. Cz i n k , I. P e t r i k o v i c s , B. T ó t ii-M a r t i n e z  
and F .  H e r n á d i

D epartm ent o f Pharmacology , Chemotherapy Section , University Medical School,
Debrecen

B y  th e  use of th e  in  v itro  sec tion  of a com plex  m odel sy stem  fo r re se a rc h ­
ing b e ta - la c ta m a se  in h ib ito rs  we in v e s tig a te d  th e  possible in h ib ito ry  ac tio n  of 
p en ic illin  deriva tives on b e ta -la c tam a se s  o f d ifferen t origin. T he follow ing 
p o in ts  o f  view  were ta k e n  in to  co n sid e ra tio n : (i) The b e ta -la c tam a se  sensitive  
b e ta - la c ta m s  to  he com bined  shou ld  he re a d ily  availab le  in H u n g a ry  (am picillin , 
c c fa le x in ); (ii) the  co m b in a tio n  ex p e rim en ts  a re  to  be execu ted  w ith  b a c te ria  
c a r ry in g  b e ta -lac tam ases  w hich  re p re se n t all th e  classes o f th e  R ic h m o n d -  
S ykes c lassifica tio n  sy s te m ; (iii) th e  b e ta - la c ta m a se  in h ib itin g  effects o f th e  
d ru g s  to  be com bined are  p a r t ly  know n from  th e  references, p a r t ly  th e y  are 
new  d e riv a tiv e s  or know n co m pounds b u t h a v e  new  d a ta  of im p a c t. T h e  enzym e 
k in e tic a l p a ram ete rs  (K M, V max, K ,) w ere assessed sp e c tro p h o to m e tric a lly , 
u sin g  n itro c e f in  as su b s tra te . W ith  th e  in v itro  b ac te riu m  system s a re m a rk a b le  
sy n e rg is tic  effect Mas fo u n d  w ith  c lav u lan ic  ac id  (M'hich sing ly  is th e  m ost 
e ffec tiv e  w ith  b e ta -lac tam ases); an d  w ith  su b lac tam , w hen co m b in ed  w ith  
a m p ic illin  as su b s tra te . All o th e r c o m b in a tio n s  were unsuccessfu l. B ased  on 
o u r ow n estim ations we se t up a s tru c tu re -a c tiv i ty  re la tio n sh ip  am o n g  com ­
p o u n d s  in v es tig a ted  in  th e  in  v itro  sy stem s.
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THE EFFECT OF BIVALENT CATIONS ON 
ANTIBIOTIC SUSCEPTIВI LIT Y TESTING

B .  N a g y  a n d  L .  S z t a n k o v

H um an Institu te  fo r  Scrobacteriologicnl Production und Research, Budapest

W e h av e  exam ined  th e  effect o f calcium  a n d  m agnesium  ions on the  
su scep tib ility  of b ac te ria  to  am inoglycosides ( to b ra m y c in , k an am y c in , n eo ­
m ycin , g en tam ic in , s trep to m y c in ) a n d  to  te tracy c lin es . T he calcium  a n d  m ag ­
nesium  co n c e n tra tio n  varies b e tw een  60 and  20 //g p e r m l of ro u tin e ly  ap p lied  
M ueller—H in to n  agar. In c reas in g  th e  co n cen tra tio n  o f calcium  and m agnesium  
ions resu lted  in th e  decrease o f in h ib itio n  zones for a ll an tib io tics . In ease of 
te tra c y c lin  and  s trep to m y c in , an  increase by on ly  10 /ig/m l m agnesium  ions 
led to  an  a p p a re n t decrease o f  70 8 0%  in a c tiv ity .

SIGNIFICANCE OF ENUMERATION AND 
IDENTIFICATION OF AEROBIC SPOREFORMING 

BACTERIA IN FOODS

I. F a r k i , J .  F a r k a s  an d  T. D e á k

Veterinary and Food Control Centre, Central Food Research In stitu te , and Department 
o f  Microbiology, U niversity  o f  Horticulture, Hndapest

The aerob ic  m esophilic m icrob ia l coun t in  p a p rik a  is m ain ly  com posed  
o f aerobic  sporefo rm ers th e  d o m in a n tly  species w ere Bacillus licheniform is, 
(46% ), Bacillus sulttilis (23% ) and  Bacillus p u m ilu s  (20% ). No ob lig a te  
th e rm o p h ilic  sporeform ers w ere fo und . In  flo u r sam ples Bacillus cerens w hich 
m ay  cause food poisoning, was a b se n t, how ever, B. p u m ilu s  m ain ly  responsib le  
for rop iness o f  b read  occurred  in 102/g in average. T he Q A L level o f m esophilic  
aerobic  sporefo rm ers was 103/g. S ugars are genera lly  considered  as one o f  th e  
source o f th e rm o p h ilic  f la t  so u r sporefo rm ers cau sin g  I he spoilage of p reserved  
an d  h e a t- tre a te d  p ro d u c ts . M o n ito ring  of sugars p roduced  in d ifferent fac to ries  
show ed th a t  th e y  m eet th e  IC I)MSA s ta n d a rd s .
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MICROBIOLOGICAL CONTROL OF INDUSTRIAL 
ETHYLENE OXIDE STERILIZATION OF DISPOSABLE 

MEDICAL DEVICES WITH BACILLUS SUBTILIS 
VAR. NIGER SPORE-TESTS

A. M o l n á r , I. T ó t h  and M. F ö l d e s i

Medicor W orks, Debrecen

In  accordance w ith  th e  6 th  H u n g a rian  P h arm aco p o ea , th e  effectiveness 
o f  a n y  sterilizing p rocess has to  he te s te d  th ro u g h  s te r ility  con tro ls . The 
e f fc c tiv ity  of in d u s tr ia l e th y len e  oxide s te riliz a tio n  can also he te s ted  hy 
a p p ly in g , so called, “ m a s te r  p ro d u c ts” . T h ey  a re  p ro d u c ts  th a t  c o n ta in  Bacillus 
su b tilis  var. niger spores a n d  w hich are d ifficu lt for e thy lene oxide to  go th ro u g h . 
W e h a v e  te s ted  th e  p e rm e a b ility  of d isposab le  m edical devices m ad e  o f PYC 
fo r  th e  purpose of p ro d u c in g  a “ m aste r p ro d u c t” . In  a gas s te rilize r cham ber 
a t  800 m g/L e th y len e  o x id e  co n cen tra tio n  a t  58 °C we m easu red  th e  tim e  re ­
q u ire d  for killing o ff B . subtilis  v a r. niger spores w ith o u t p ack ag e  an d  in 
1 x 0 . 4  m m , 2 x 0 .4  m m , 3 x 0 .4  m m  and  4 x 0 .4  m m  th ic k  PYC packages. 
T h e  correspond ing  L D 50 va lu es  were 10.7, 24.8, 80.8, 151.4 a n d  213.4 m in, 
th e  k illing  off tim es 11, 50, 100, 160 an d  240 m in.

THE EFFECT OF PHENOL ON THE 
RADIOSENSITIVITY OF BACILLUS MEG AT ER [UM

SPORES

A. Dám and G.L. Gazsó

“ Frédéric JoHot-Curie" N a tio n a l Research In stitu te  fo r  Radiobiology and  R adiohygiene,
B udapest

R ad ia tio n  m o d ify in g  ac tion  of pheno l w as s tud ied  on B acillus megaterium  
sp o re s  a t  d ifferent o x y g en  co n cen tra tio n s. P heno l was used  a t  10 mM w ith  
e ig h t oxygen c o n cen tra tio n s  (100%  N 2, 0 .7 %  0 2, 1.2%  0 2, 2 .1 %  0 2, 3 .1%  0.,, 
5 .1 %  0 2, 21%  0 2 in N , an d  100%  0 2). G am m a rad ia tio n  fa c ility  was PX - 
g am m a-3 0  enCo a p p a ra tu s  w ith  88.72 G y/m in  dose ra te . A t in c reased  oxygen 
c o n c e n tra tio n  phenol p ro te c ts  spores to  a sm all e x te n t ag a in s t le th a l dam age. 
I t  is d u e  to  the  d y d ro x y l rad ica l scavenging  pow er of phenol.
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Mycology
EVALUATION AND APPLICATION THE REFERENCE 

VALUE OF YEAST COUNT AS MICROBIOLOGICAL 
CRITERION OF FOOD QUALITY

У. T a b a j d i - P i n t é r , У. N a g e l , F. O r b á n , V. V a n c s e k - V a r g a ,

I. B ü k i , L. M o l n á r  and I. Н о р к о

Veterinary and Food Control Centre, B udapest, Factory o f  Izo -syru p , Szabadegyháza,
I eterinary and Food Control S ta tio n , Nyíregyháza, Veterinary and  Food Control S ta tion , 

Székesfehérvár, Veterinary and  Food Control S ta tion , Szom bathely, and Research 
Laboratory o f  Confectionary In d u stry , B udapest

U sing g lucose-yeast m ed iu m  by  ad d itio n  o f  an tib io tic  or w ith  a low er 
]>H value (4.5) th e re  is a good co rre la tio n  b e tw een  th e  y eas t co u n t an d  th e  
sensorial te s t o f soft d rin k s. T he spoilage level (SL) o f y e a s t in  soft d rinks is 
105/m l. The re ference  v a lu e  o f y eas ts  is 10/ml in soft d rin k s, as described  in 
th e  s ta n d a rd . T he fe rm e n ta tio n  o f  apple-ju ice c o n c e n tra te s  m ay  occur w hen 
th e  y eas t co u n t is m ore th a n  5.104/g. The c o n c e n tra te  is sterile  ju s t  a f te r  th e  
processing, h u t  it  can  be re in fec ted  in ta n k s , or ta n k - tru c k s . T herefo re  th e  
m icrobiological m o n ito rin g  o f  hyg ien ica l p rac tice  o f  s to rag e  an d  tra n sp o r ta tio n  
is o f a g rea t im p o rtan ce . T he y e a s t count in co rn -su g arsy ru p  (so called izo- 
sy rup ) is low er th a n  1/log in  th e  m a jo rity  of sam ples. As reference va lu e  10/log 
is s tan d a rd ized . T he y e a s t co u n t w as th e  sam e d e te rm in ed  in OGA an d  osmo- 
pliilic m edia (40 an d  60% ).

YEASTS IN FRESH WASTE WATERS

C s .  D o b o l y i , M. C s a n á d y  a n d  E.K. NovÁk 

N ational Institu te  o f Hygiene, B udapest

D uring  a fiv e -y ea r period  th e  y eas t flora o f  a su rface  w ate r as well as of 
in- an d  e fflu en ts  o f fo u r sew age tre a tm e n t p la n ts  was s tu d ied . A lto g e th er 865 
s tra in s  from  352 sam ples, co llected  regu la rly  from  24 p laces, have  been  iso la ted , 
o u t of w hich 296 rep re sen tin g  42 species of 14 genera  h av e  been id en tified . 
T he stu d ied  s tre a m  show ed th e  p revalence  o f can d id ae  an d  c ryp tococci, viz. 
Candida fa m a ta , Candida vulgaris, Cryptococcus curvatus and  Cryptococcus 
hum icolus, w ith  som e seasonal f lu c tu a tio n s . E v e ry  incom ing  sew ages, how ever, 
co n ta in ed  m ain ly  can d id ae  an d  cryp tococci, viz. C andida vulgaris, Candida

A cta  A I icrobiologica Iiu n g a rica  31, 1984



N IN T H  CONGRESS

v in i  a n d  Cryptococcus ulbidus v a r . albidus, w hile in  th e  e fflu en ts , besides a consi­
d e ra b le  decrease in p o p u la tio n  d en sity  cand idae  an d  sacch aro ray ce tes  were th e  
m o s t f re q u e n t, viz. C andida fa m a ta  and Saccharomyces cerevisiae. A lthough  
th e  c o n tr ib u tio n  of ex c rem en ts  to  sewage was considerab le , Candida albicans 
fa iled  to  ap p ear, while o th e r  p o te n tia l  p a th o g en s were a b u n d a n t in  in flu en ts . 
In  b o th  o f  in- and efflu en ts  loose seasonal f lu c tu a tio n s  were observ ed , referring  
to  th e  deve lopm en t of a m ore  or less stab le  ecosystem  w ith in  th e  tre a tm e n t 
p la n ts . T h e  in te rre la tio n  b e tw een  th e  yeast flo ra  and  th e  chem ical p ro p erties  
o f  th e  sam ples requires m ore  d e ta iled  discussion, b u t g lobally  it  can lie stressed  
th a t  tin* chem ical (p re d o m in e n tly  chem ical oxygen  d em an d ), an d  zym ological 
d a ta  p ro v e d  to  lie m u tu a lly  in d ic a tiv e  for each o th e r.

316

MATING TYPES TIN SCHIZOSACCHAROMYCES 
POM RE VA IT. MALIDEVORANS

M. S i p i c z k i , E. D o b ó  a n d  J .  K u c s e r a

Department o f  M icrobiology , A ttila  J ó zse f U niversity , Szeged

T h e  fission y easts  h a v e  a hap lon ic  life cycle. T he v e g e ta tiv e ly  p ro p a g a t­
ing  cells a re  p red o m in an tly  h ap lo id , an d  th e  d ip lophase  is co n fined  on ly  to  th e  
zy g o te s . In  Schizosaccharomyces pom be  var. pombe  th e  sexual b eh av io u r o f th e  
cells is governed  by th e  g en e tic  in fo rm atio n  located  in  th e  m a tin g  ty p e  locus 
a n d  can  be in fluenced  b y  c e r ta in  au x ilia ry  genes being o u ts id e  th is  region. 
In t e t r a d  analysis of ra n d o m ly  selected  asci o f a S . pombe  v a r. malidevorans 
(CBS 5557) cu ltu re , spores o f  h e te ro th a llic  (h~  an d  h +) an d  hom o th a llic  
(“ s p o t ty ”  and  “ grey” ) m a tin g  ty p e s  w ere found . N one of th em  p ro v ed  com pl­
e te ly  s ta b le , in te rco n v ersio n s be tw een  th em  w ere freq u en t. Tw o d irec tions of 
co v ers io n s  p red o m in a ted : cells o f ty p e s  h an d  “ s p o t ty ” te n d e d  to  change th e ir  
ty p e  to  h  + and /o r “ g rey ” v e ry  in ten s iv e ly , w hile th e  changes to  h -  a n d  “ s p o t ty ” 
w ere  less frequen t. This “ s p o t ty ”  ty p e  was so u n stab le  th a t  its  iod ine-positive  
co lonies w ere never hom o g en io u s: th e y  alw ays co n ta in ed  n u m ero u s iodine- 
n e g a tiv e  h e te ro tha llic  (m o s tly  h +) or w eakly  io d ine-positive  “ g re y ” spots. 
O ccasio n a lly , sterile cells a lso  arose in th e  grow ig spore clones. T en  o u t of 
th e  43 com p le te  asci a n a ly sed  co n ta in ed  3 or 4 h + spores. T he genetic  analysis 
o f  th e se  spores by  crossing a n d  p ro to p la s t fusion revealed  th a t  m a n y  of them  
w ere a c tu a lly  hom otha llic  (be ing  able to  sp o ru la te  a fte r  p ro to p la s t fusion), 
a n d  h a d  lo st th e  cap ab ility  fo r expressing  th e  h -  m a tin g  a c tiv ity . C erta in  h 
sp o res  from  o ther asci h av e  also p roved  to  he c rip tica lly  h o m o th a llic , but in 
re v e rse  m anner. The fre q u e n t occurrence  of th ese  “ sem ih e te ro th a llic ”  ty p e s  
can  p ro b a b ly  be a t tr ib u te d  to  changes of genes being loca ted  o u ts id e  th e  m a t­
in g  ty p e  locus.
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ABE CONJUGATION AN O SPORULATION 
ALTERNATIVE POSSIBILITIES IN DIPLOID CELLS 

OF SCHIZ()SACCHAROMYCES РОМБЕ ?

M . S lP IC ZK I and J .  K u C S E K A  

Depart m a il o f  M icrobiology , ittila J ó zse f U niversity , Szeged

In  th e  life cycle of th e  h ap lo n tic  y eas t Schizosaccharomyces pom be  v a r . 
m alidevorans, zygotes p roduced  by  sexual fusion  o f hap lo id  cells c o n v e rt in to  
four-spored  asci sh o rtly  a fte r co n ju g a tio n , w here  b y  th e  hap lo id  s ta te  is 
res to red . U n d e r special cond itions, how ever, th e  zygotes can he p re v e n te d  
from  sp o ru la tio n  (by being tra n s fe rre d  onto  a N -rich  m edium ) an d  a re  fo rced  
to  p ro p a g a te  m ito tica lly . The d ip lo id  clones a ris in g  are  u n stab le  a n d  u n d e rg o  
sp o ru la tio n  as soon as the  m ed ium  becom es e x h a u s te d  o f n itrogen . O ccas io n ­
ally , tw o a d ja c e n t diploid cells co n ju g a te  in s te a d  o f converting  in to  asci, 
th e re b y  fo rm in g  a te tra p lo id  zygo te . Since b o th  “ developm en ta l p a th w a y s ”  
are  trig g e red  b y  th e  decrease of N -co n ten t u n d e r  a c ritica l value, one m ig h t 
believe th e m  to  he a lte rn a tiv e  possib ilities co n tro lled  by the sam e m ech an ism  
in Gl. B u t it has tu rn e d  ou t th a t th e  sp o ru la tio n  has an  ad v an tag e  o v er c o n ­
jug a tio n  (3 0 -4 0 %  an d  I -4% , re sp ec tiv e ly ), w hich favours th e  su p p o sitio n  of 
a ,,‘tw o -p o in t-co n tro l system . B o th  po in ts shou ld  he in Gl: th e  firs t one sh o u ld  
sw itch  on sp o ru la tio n , while th e  second one m ig h t govern  the  tu rn  to w a rd s  
co n ju g a tio n . T he te tra d  analysis o f  th e  te tra p lo id  zygotes has, how ever, ra ise d  
an  a d d itio n a l h y p o thesis . I t  has rev ea led  th a t  p ro b a b ly  only  one o f  th e  tw o  
m atin g  ty p e  loci is active in th e  co n ju g a tin g  cells. I f  b o th  loci are re q u ire d  to  
he a c tiv a te d  d u rin g  spo ru la tio n , in d eed , one can  assum e th a t  th e  n u m b e r  o f 
ac tive  loci is th e  crucial fac to r: cells w ith  one ac tiv e  m atlocus m ig h t be  c o n ­
ju g a tio n -p ro fic ie n t, cells w ith  tw o ac tiv e  loci m ig h t be sp o ru la tio n -p ro fic ien t.

POSSIBILITIES FOR THE DEVELOPMENT OF THE 
NETWORK OF HUMAN MYCOLOGY IN HUNGARY

G y .  S i m o n , G y .  K u l c s a k  a n d  J .  G a l g ó c z y

N ational Institu te  o f  Dermale- Ve пег о logy, Budapest

In our c o u n try  the n e tw o rk  o f the h u m a n  m ycology has d ev e lo p ed  
w ith in  th e  fie ld  o f th e  derm ato -venero log iea l p rov ision . For years th e  sy s te m  
o f th e  rnycological labo ra to ries w ere c rea ted  m o stly  sp o n taneously  in 
the d iffe ren t k in d s of m edical in s ti tu tio n  because  o f th e  needs o f d iffe re n t 
m edical subsec tio n s. So the fram es, w hich w ere m ad e  in the  fifties tu rn e d  in to
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in su ff ic ie n t an d  a new  s itu a tio n  caused  p ro b lem s bo th  in th e  fie ld  o f th e  
o rg a n iz a tio n  an d  pro fession , (i) In  som e p a r ts  o f  H u n g a ry  th e  d iagnostic  w ork 
is s till unso lved , (ii) T h ere  is no hom ogenous p rofessional d irec tion  all over th e  
c o u n try , (iii) T he m yco log ical req u irem en ts  o f  th e  derm ato logy  an d  th e  o th e r 
m e d ica l sections are  d iffe re n t: these re q u ire m e n ts  should h av e  been  supp lied  
b y  hetero g en o u s u n its , (iv) In  the  p resen t s i tu a tio n , th e  above m en tio n ed  u n its  
a re  n o t  ab le to  u tilize  even  the  decreased possib ilities , (v) T he te a c h in g  p ro ­
g ra m m e  o f m ycology is unso lved  or in co m p le te  on the g rad u a te , p o s tg ra d u a te  
a n d  pro fessional q u a lity  levels. For so lv ing  th e se  problem s, th e  c o u n ty  s ta ­
tio n s  shou ld  be d irec ted  by  th e  sc ien tific -p ro fessional cen tre , and  th e  d iagnostic  
w o rk  shou ld  be co n tro lled  b y  the  co u n ty  s ta tio n s .

SOME CONSEQUENCES OF THE ABSENCE OF 
ERGOSTEROL IN CANDIDA ALBICANS

M. P e s t i

Research In stitu te  o f  Seed Production a n d  T rading  Company, Szentes

V arious a u x o tro p h ic  and  n y s ta t in - re s is ta n t  ergosterol-less m u ta n ts  of 
C andida  albicans w ere iso la ted . The p la sm a  m em brane u ltra s tru c tu re  of a 
s te ro l m u ta n t  M as n o t sign ifican tly  d iffe re n t from  th a t  of th e  p a re n ta l , ergo- 
s te ro l-p ro d u c in g  s tra in . S ign ifican t a lte ra tio n s  w ere observed in  th e  p h o sp h o ­
lip id  c o n te n t o f th e  s te ro l m u ta n ts , an d  th e  c h itin  sy n th ase  a c tiv ity  w as also 
h ig h e r  in  com parison  to  th e  p a ren ta l s tra in s . S tero l m u ta n ts  h a d  increased  
p la sm a  m em b ran e  o rd e r p a ram ete rs , re su ltin g  in  decreased levels o f ass im ila ­
tio n  o f  carbon  sources, a n d  a s ig n ifican tly  d ecreased  u p ta k e  of 2-:1H  glycerol. 
In tra sp e c if ic  p ro to p la s t fusion  was ca rried  o u t  a n d  n u tritio n a lly -co m p lem en ted  
h e te ro -zy g o u s  d ip lo id  h y b rid s  were o b ta in e d , w hich  proved  to  be sen sitiv e  or 
r e s is ta n t  to  n y s ta t in  as a consequence o f  c o m p lem en ta tio n  or non -co m p lem en ­
ta t io n  fo r ergostero l b iosyn thesis.
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KINETIC STUDIES OF GROWTH INHIBITION. 
EFFECT OF POLYENES ON CANDIDA ALBICANS

E .K . N o v a k , J . Za l a , É . B a r b a r ic s  and B . N ovak

N ationa l Institu te  o f  H ygiene, and Department o f  A gricu ltura l Chemical Technology, 
U niversity  Technical School, B udapest

In  “ g ro w th  in h ib itio n ” s tu d ies  som e k in e tic  prob lem s are  invo lved , (i) 
T he v ir tu a l g ro w th  in h ib itio n  m ay  he in s tead  of rea l d iv ision  in h ib itio n  due 
to  cell k illing  (cide) effect, (ii) T he effects m ay  he com bined  (c ide-f-sta tic).
(iii) T he an tim ic ro b ia l su b stan ce  m ay  he reg a rd ed  in  tim e , (i) E a rlie r p u b lished  
n y s ta tin  effect o f Candida albicans is o f th is  ty p e . O ur developed  co m p u te r 
p ro g ram  d isc rim in a tes  b e tw een  real g row th  (d iv ision) in h ib itio n  an d  decreased 
g ro w th  by  killing . T hus th e  effect o f n y s ta tin , am p h o te ric in  B, th e ir  m eth y l- 
esters an d  cand ic id in  m e th y le s te r  as well as p rim aric in  on C. albicans p roved  
to  he o f th is  ty p e , (ii) C andicid in , how ever, show ed an  exam ple  o f com bined  
effect, w hich has been m a th e m a tic a lly  verified , (iii) On one h an d  up o n  c o m p a r­
ison to  th e  m easu red  one o f a s im u la ted  g ro w th  cu rv e  based  on ou r g ro w th  
e q u a tio n  c o n ta in in g  th e  k illing  coeffic ien t deduced  from  sep a ra te  germ icide 
ex p erim en ts , as well as on th e  o th e r h an d  u p o n  d irec t k in e tic  analysis o f grow th  
curves, th e  sign ificance an d  th e  p ro file  o f fung ic id  d e g rad a tio n  w ere deduced .

THE EFFECT OF FUNGI ON CHANGES IN 
CHEMICAL COMPOSITION AND NUTRITIVE VALUE

OF CORN GRAIN

J . SoBIESZCZANSKI, E . K a PLON and M. UuBANOWICZ

Academy o f  A griculture-D epartm ent o f  Food and 'Technical Microbiology,
W roclaw, Poland

Corn gra in  o f CO Rp 135/79 v a r ie ty  w as g ro u n d , sterilized  an d  inocu la ted  
w ith  conidia suspension  o f th e  F usarium  sp. 72-T4, F u sarium  sp. 72-76 , 
Aspergillus  sp . 72-72 , A spergillus ochraceus an d  P én ic illiu m  rubrum  COR-25. 
ЛИ s tra in s  w ere iso la ted  from  m aize corn. M oreover, n a tu ra l  m aize g round  
p o p u la ted  w ith  ep ip h y tic  m icro flo ra  was used. T he sam ples w ere in c u b a te d  
a t 30 °C for 10 d ay s , th e n  dried  for 48 h a t  4 0 -50  °C. N a tu ra l m aize g ro u n d  
served  as co n tro l. T he fung i increased  th e  f a t  (5 .1 3 -9 .1 6 % ), to ta l  sugars 
(0 .49 -23% ) and  red u c in g  sugars (0 .1 7 -5 .6 1 % ), w hereas decreased  th e  s ta rc h  
co n ten t (7 0 -3 0 % ). T he m a jo r changes w ere caused b y  A . ochraceus. C hanges in 
th e  to ta l  n itro g en  and  p ro te in  c o n te n t were also found . T he n u tr itiv e  va lu e  of
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th e  m aize  g round  sam ples supp lied  w ith  casein , soya oil, m in era l sa lts  and  
v ita m in s  was exam ined  b y  feed ing  ra ts  o f W is ta r  b reed  for 4 w eeks. T he bo d y  
w e ig h t of th e  con tro l ra ts  (n o n -in cu b a ted  g round) increased  b y  47 %  w hereas 
o f  th o s e  receiving in c u b a te d  sam ples from  2 to  13.8%, only . W ith  tw o  sam ples 
i t  d ecreased  (A . ocliraceus b y  14.4%  a n d  P . rubrum  COR-25 by  8 .5% . 
H aem og lob in  levels in co m p ariso n  w ith  in itia l resu lts  decreased  (con tro l 
— 0 .5 % , P. rubrum  23% ) o r increased  F u sa riu m  sp . 72-76 (2 .4% ). T he n u m b er 
o f  e ry th ro c y te s  decreased  fro m  0.5%, in  th e  co n tro l to  —31.7%  (P . rubrum) 
a n d  increased  by  8 .7 %  ( F u sa riu m  sp . 72-76). S ugar level in  b lood  also v aried  
(fro m  -(-3.5 to  -(-14.7%  F u sa riu m  an d  P. rubrum ). A decrease o f su g ar ( —2.3% ) 
w as caused  by I. ocliruceus. K id n ey  w eight in  all ex p erim en ts  w as h ig h er th a n  
in  th e  con tro l (by  0 .8 —1.06% ) as well as th e  liv er w eight (3m 39%  in th e  
co n tro l/4 .2 5 %  P. rubrum ).
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Professor G yula W eiszfeiler, M em ber o f  th e  H ungarian  A cad em y  of 
Sciences d ied  on  A pril 9, 1984.

He w as b o rn  in 1902 in B rassó, T ra n sy lv a n ia , lie  com pleted  his low er- 
grade s tu d ies  in B u d ap est, th en  in 1920 he w en t ab ro ad  and  pursued  u n iv e rs ity  
s tud ies in P a ris , B russels, J e n a  and  G eneva, lie  won th e  title  of “ D o c to r  of 
N a tu ra l Sciences” in 1925 and  he got his m ed ica l degree in 1928 in  G eneva. 
Follow ing th is , he w as w orking  as m icrobio logical researcher and  tu b e rcu lo s is  
specialist fo r 5 years  in Sw itzerland  and  G erm a n y  an d  his keen in te r e s t  in 
m y co b ac te ria  h a d  rem ained  th ro u g h o u t his life. H e was expelled from  G e rm a n y  
due to  his po litica l a c tiv ity . F rom  1932 to  1958 he was w orking in th e  U S S R  
in d iffe ren t re sea rch  in s titu te s  o f th e  A c ad em y  of M edical Sciences o f  th e  
U SSR , ho ld ing  several h ig h -rank ing  p o sts . M oscow, Sverdlovsk, T a s h k e n t 
and  again  M oscow  were his m ain  w orking  s ites. In  1941, he won th e  t i t le  of 
“ D octo r o f M edical Sciences” , in 1943 he becam e P rofessor of M edical Sciences. 
In  th e  G rea t P a tr io tic  W ar he w as on v o lu n ta ry  service in the R ed A rm y  an d  
got b ack  to  h is scien tific  w ork  as a m ajo r.

H is m ain  fields of research  were th e  m y co b ac te ria  and above, all the 
in v es tig a tio n  o f  th e  biology an d  v a r ia b ility  o f  Mycobacterium tuberculosis. 
Ilis a t te n u a te d  W  115 s tra in  p roved  to  be m ore efficient in im m u n iz in g  
a c tiv ity  even th a n  th e  BCG vaccine, w hen  te s te d  in  m onkeys. He e la b o ra te d  
a g e l-p rec ip ita tio n  m ethod  fo r exam in ing  th e  an tig en ic  s tru c tu re  o f d iffe re n t 
m y co b ac te riu m  species in o rd er to  s tu d y  th e ir  degree of re la tio n sh ip . He 
iso lated  sev era l a ty p ica l m ycobac te ria  from  m o nkeys, am ong th em  tw o , so 
fa r u nknow n  species ( M . sim iae, M . a sia ticu m )  w hich  were la te r d e te c te d  in 
p a tie n ts  in sev era l countries.
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H e re tu rn e d  to  H u n g a ry  in 1958 an d  w o rk e d  first in th e  N a tio n a l I n s t i ­
tu te  o f  H ygiene , th e n  in th e  E x p erim en ta l R esea rch  In s titu te  of th e  H u n g a ria n  
A cad em y  o f Sciences. F ro m  1963 to  1972 he w as director, and  a fte r  re tir in g , 
sc ien tific  counsellor of th e  M icrobiological R esea rch  Group of the H u n g a ria n  
A cad em y  o f Sciences. E stab lish in g  an d  d ev e lo p in g  the  M icrobiological R e ­
sea rch  G ro u p , P ro fessor W eiszfeiler founded  a h igh-level research basis.

In  H u n g a ry  he w as th e  firs t to  deal w ith  th e  exam ina tion  o f  S a b in ’s 
liv ing  v acc in a  ag a in s t poliom yelitis. H e c o n tr ib u te d  to  th e  in tro d u c tio n  of 
th e  v acc in e  in H u n g a ry  in  1960. A nyhow , he  rem ained  fa ith fu l to  h is m ain  
fie ld  o f  re sea rch , th e  ex ten siv e  ex am in a tio n  o f  m ycobacteria , th o u g h  his in ­
te re s t  an d  fru itfu l w ork  covered several o th e r  im p o r ta n t  fields o f m icrob io logy . 
H is sc ien tific  ach iev em en ts  won n a tio n a l a n d  in te rn a tio n a l t r ib u te  an d  his 
re su lts  a re  q u o ted  in severa l pub lica tions a n d  reference books. H e p u b lish ed  
m ore  th a n  160 sc ien tific  p ap ers  and  was th e  a u th o r , co-au thor an d  e d ito r  of 
m a n y  successfu l m onographs and  books.

A s an  a p p rec ia tio n  of his research  w o rk  an d  scientific re su lts , he w as 
e lec ted  C orrespond ing  M em ber of th e  H u n g a r ia n  A cadem y of Sciences in  1960, 
he b e c a m e  u n iv e rs ity  pro fessor in 1964 an d  in  1982 he was elected  o rd in a ry  
M em ber o f  th e  A cadem y.

B esides his o u ts ta n d in g  research  w o rk  a n d  versatile  lite ra ry  a c tiv ity , 
P ro fesso r W eiszfeiler also w orked ac tiv e ly  in th e  o rganization  of re sea rch  and  
fo r th e  socialist socie ty . H e was se c re ta ry  gen era l of the  H u n g a ria n  M icro­
b io logical Society  from  1959 to  1966, th en  its  h o n o rary  lead ing  m em b er; he 
w as P re s id e n t of th e  Serum -V accine C o m m ittee  of the  M in istry  o f H e a lth  
b e tw e e n  1959 an d  1966. H e w as m em ber o f th e  M icrobiological, E p id em io lo g i­
cal a n d  V accine C om m ittee  o f th e  H u n g a ria n  A cadem y  of Sciences a n d  o f th e  
M in is try  o f H e a lth ; he ac ted  as a m em ber o f  th e  ed ito ria l b o ard  o f A c ta  M icro- 
b io log ica  H u n g a rica , o f th e  In te rn a tio n a l C o m m ittee  on S y stem atic  B a c te r io ­
logy  an d  o f th e  In te rn a tio n a l  W orking G ro u p  on  T axonom y of M y co b ac te ria .

In  1964 he w as e lec ted  m em ber o f th e  C u b an  M icrobiological a n d  S an i­
t a r y  S o c ie ty  and  in  1972, h o n o ra ry  m em b er o f th e  M icrobiological S ocie ty  
o f  th e  U S S R .

A s a t r ib u te  to  his excellen t a c tiv ity , he  w on several Soviet a n d  H u n ­
g a ria n  h o n o u rs : in  1945 he was aw ard ed  a S o v ie t m edal for his o u ts ta n d in g  
w o rk  in  th e  G rea t P a tr io tic  W ar, also in 1947 on  th e  occassion of th e  800 -year 
a n n iv e rs ity  of M oscow’s estab lish m en t. A t h o m e in 1959 he was a w a rd e d  th e  
p a r t is a n  m edal “ In  A rm s fo r the  C o u n try ” , w h ich  was followed by  th e  “ O rder 
o f L a b o u r”  (1962), th e  “ Gold Degree o f  th e  O rder of L ab o u r” (1972), th e  
“ M edal for Socialist S o c ie ty ” (1967) and  th e  “ M edal for Socialist H u n g a ry ” 
(1977). O n his 80 th  b ir th d a y  he was h o n o u re d  w ith  the “ F lag  O rd e r o f th e  
H u n g a r ia n  P eop le’s R ep u b lic” .
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Professor W ciszfeilcr lived  a rich , successful and  laborious life. H e ex p e ­
rienced  a g rea t m any  sto rm s an d  tro u b le s  b u t bis career rem ain ed  s te a d y  and  
u n b ro k en . I t  can  be seen m ay b e  m ore  clearly  w hen  his life and  v e rsa tile  a c t i­
v ity  are  recalled  in th e  m em ory  o f his adm irers a f te r  th e  pain fu l p a r tin g  
rem iniscences.

W e shall alw ays rem em b er him  w ith  h o n o u r and  devo tion .

I s tv á n  NÁsz
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INSTRUCTIONS TO AUTHORS

M anuscrip ts a re  accep ted  on th e  basis o f scientific  sign ifican ce  an d  su itab ility  fo r 
p u b lica tio n  on th e  u n d e rs ta n d in g  th a t  th e y  hav e  n o t been p u b lish ed , su b m itte d  or accep ted  for 
p u b lica tio n  e lsew bere .A ccep tance  depends on th e  opin ion o f one o r  m ore  referees an d  th e  d eci­
sion o f th e  E d ito ria l B o ard . P ap ers  accep ted  for p u b lica tio n  are  su b je c t to ed ito rial rev is io n .

M A N U S C R IPT  S T Y L E

M anuscrip ts m u st be  in E nglish  and  clearly  and  concisely w r i t te n . T h ey  should be ty p e d  
double  spaced w ith  w ide m argins. Two copies o f th e  m an u scrip t sh o u ld  be su b m itted .

F O R M  O F M A N U S C R IP T

Title. T be tit le  shou ld  be a c lear and  concise s ta te m e n t o f th e  c o n te n ts  in no t m ore th a n  
14 w ords. A short ru n n in g  title  o f no t m ore th a n  40 le tte rs  sh o u ld  also be supplied. T h is  is 
follow ed by  th e  a u th o rs ’ in itia ls  (full f irs t n am e of w om en) an d  su rn a m e , a n d  the  n am e o f th e  
in s titu tio n  w here th e  w ork  was done.

A bstract. T h is sh o u ld  no t exceed 200 w ords an d  should  o u tlin e  b riefly  th e  p u rpose  o f  th e  
s tu d y  and  deta il im p o r ta n t  fin d in g s a n d  th e  a u th o rs ’ p rincipal co nclusions. R e d u n d an t p h ra ­
ses, generally  know n in fo rm a tio n  a n d  re p e titio n  should  he av o id ed .

In tro d u ctio n . T h is  p a r t  shou ld  s ta te  b riefly  th e  n a tu re  a n d  p u rp o se  of th e  work a n d  c ite  
re ce n t im p o rta n t w o rk  b y  o thers .

M aterials an d  m ethods. D escribe m icroorgan ism s, m e th o d s , a p p a ra tu s , p ro ced u re  a n d  
s ta tis tic a l m eth o d s in  su ffic ien t d e ta il to  allow  o th e r  a u th o rs  to  re p ro d u c e  th e  results . T h is  p a r t  
m ay  hav e  su b h ead in g s like “ B acteria l s tra in s”  o r “ C ultu re  m ed ia” .

R esults. T he ex p erim en ta l d a ta  shou ld  be p resen ted  c le a rly  a n d  concisely. A void  re ­
p e a tin g  in fo rm atio n  p re sen ted  in  tab 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 e x p e rim e n ta l findings. D o no t 
re p ea t lite ra ry  d a ta  p re sen te d  in  th e  In tro d u c tio n  or in fo rm a tio n  g iv en  in R esults.

A cknow ledgem ent o f g ra n ts  a n d  tech n ica l help.
R eferences. C ite  on ly  essen tia l references. T h ey  shou ld  b e  a rra n g e d  in num erica l se­

q uence  as c ited  in  th e  te x t ,  w here  th e  n u m b ers  a p p ea r (in p a ren th ese s )  w ith  or w ith o u t th e  
a u th o r 's  nam e. e.g. E d en  a n d  H ansson  [1], F ra n k e l [2]. G e lb a r t  e t al. [3] or [1, 2]. T h e  
reference list a t  th e  en d  of th e  p a p e r shou ld  co n ta in

— for jo u rn a ls : n am es a n d  in itia ls  o f all a u th o rs , jo u rn a l t it le  a b b re v ia te d  according to  th e
sty le  used in  In d e x  M edicus, v o lu m e n u m b er, p ag in a tio n , y e a r.

— for books: n a m e s a n d  in itia ls  o f au th o rs /ed ito rs , t itle , p u b lish e r , place and  y e a r  o f
p u b lica tion , p ag e  n u m b er.
Address o f th e  a u th o rs . T he (full) nam e a n d  m ailing a d d re ss  o f th e  au th o rs  sh o u ld  he 

given a fte r  th e  re ference  list.
Tables. T hey  sh o u ld  he ty p e d  on se p a ra te  sheets an d  h av e  a concise head ing  each. T ab les  

a re  to  be num b ered  se q u en tia lly  by  R o m an  num bers.
F igures. G o o d -q u a lity  glossy p r in ts  o f ha lf-to n e  illu s tra tio n s  a n d  c lear line d raw in g s in 

In d ia n  in k  are  a ccep ted . T he n u m b er o f th e  fig u re , th e  a u th o r’s n a m e , a n d  th e  top of th e  f ig u re  
sh o u ld  be in d ica ted  l ig h tly  in soft pencil on  th e  b ack . T he figu res a re  to  be  nu m b ered  s e q u e n tia l­
ly by  A rabic nu m b ers . C aptions should  be  p ro v id ed  on a se p a ra te  sh e e t. All figures sh o u ld  be 
re ferred  to in th e  te x t  and  th e ir  a p p ro x im a te  p lace  in d ica ted  on  th e  m arg in .

A bbreviations an d  sym bols. Q u an titie s  shou ld  be expressed  in  S I u n its . All a b b re v ia tio n s  
sh o u ld  be spelled o u t  w hen f irs t  used in th e  te x t .  P lease id en tify  u n u su a l sym bols in  th e  m arg in .

N om enclature  o f m icroorgan ism s. B inom ial nam es sh o u ld  co n fo rm  to  the  In te rn a tio n a l  
R ules o f N o m en cla tu re  a n d  to  c u rre n t te rm s o f th e  In te rn a tio n a l  C om m ittee  on  S y s te m a tic  
B acterio logy . N am es used  for v iruses shou ld  be  those  ap p ro v ed  b y  th e  In te rn a tio n a l C o m m it­
tee  on T axonom y o f V iruses (ICTV). G eneric a n d  specific nam es o f  species should be w r itte n  
in full in th e  t itle  a n d  th e  f irs t tim e  th ey  a p p ea r in th e  a b s tra c t  a n d  in  th e  te x t. S u b seq u e n tly  
th e y  should  be a b b re v ia te d . G eneric a n d  specific nam es shou ld  be  u n d erlin ed  for ita lic s . No 
specific nam e w ith o u t a cap ita lized  generic nam e should  be used.

Proofs and  rep rin ts . Tw o sets o f proofs will be p ro v id ed , w h ich  are  req u ested  to  be  
re tu rn e d  w ith in  48 h o u rs  o f rece ip t to th e  E d ito r . A lte ra tio n s in  th e  te x t  a n d  especially  in  th e  
illu s tra tio n s  a re  ex p en siv e  a n d  should  be  av o ided . One h u n d red  a n d  f if ty  rep rin ts  o f each  p a p e r  
a re  supplied  free o f charge . A dd itiona l re p rin ts  can  be o rd ered  a t  co s t price  a t  the  tim e th e  page  
p ro o f is re tu rn ed .
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PROTO-ONC GENE PRODUCTS AS 
DIFFERENTIATION ANTIGENS

(A R E V IE W )

I . F ö l d e s  a n d  J .  M i n á r o y i t s

Microbiological Research Group o f  the N ational In s titu te  o f  H ygiene , B udapest 

(R eceived  J u ly  25, 1983)

Studies on oncogenic R N A  v iru ses  have  re su lted  in  m ost of th e  in fo rm a­
tio n  referring  to  m a lig n an t tra n s fo rm a tio n  of cells. T he life cycle o f these  
v iru ses  proved  to  be com plex: a D N A  copy is tra n sc rib e d  from  th e ir  R N A  
genom e by  th e  enzym e reverse tra n sc r ip ta se  (reverse  tra n sc rip tio n ), w hich 
in te g ra te s  in to  th e  h o s t genom e (p rov irus), th e n  it  is tra n sc rib e d  to  R N A  
w hich is processed in  th e  nucleus an d  tra n sp o rte d  to  th e  cy top lasm  w here th e  
v ira l p ro te in s  are  m a n u fac tu red  [ 1 6 ] .  In  ad d itio n  to  th e  s tru c tu ra l  genes 
n ecessary  for rep lica tio n , oncogenic R N A  viruses in d u c in g  acu te  m a lig n an t 
diseases (leukaem ia, sa rcom a, cancer) co n ta in  one genes (v-onc genes) re sp o n ­
sible for m a lig n an t tra n sfo rm a tio n  [1—4].

E x p erim en ts  w ith  nucleic ac id  h y b rid iza tio n  h av e  show n th a t  (i) the  
genom e of v e r te b ra te  cells co n ta in s  sequences analogous to  v-onc genes; 
(ii) m o st o f these  sequences ap p ea red  ea rly  d u rin g  ev o lu tio n ; (iii) th e ir  m a jo rity  
w as well p reserved  as i t  u n d e rv en t no  m ark ed  change d u rin g  evo lu tion  [7—14].

O n th e  basis o f  de ta iled  an a ly ses  (m app ing , in  s itu  h y b rid iza tio n  and  
D N A  sequencing) i t  could  be s ta te d  th a t  (i) th e  ce llu la r hom ologues o f th e  
v ira l onc-genes ( th e  so-called c-onc genes) h av e  a d e fin ite  ch rom osom al posi­
t io n  in  a given species [see 15 fo r references], (e.g. c-m yc gene is lo ca ted  in  
th e  h u m a n  8 chrom osom e [16]); (ii) w ith  som e ex cep tio n s [26, 27], s im ila rly  
as th e  m a jo rity  o f th e  s tru c tu ra l genes o f v e r te b ra te s , m ost o f th e  c-onc genes 
co n ta in  in tro n s (non-coding  sequences) [15-26], w hile v-onc genes h av e  no 
in tro n s  [25, 28-40 , 59]; (iii) som e o f th e  c-onc genes show  s tru c tu ra l  p o ly ­
m o rp h ism  and can  be reg a rd ed  as m em bers of a gene fam ily  (e.g. th e  h u m an  
ra s  gene fam ily) [19, 41].

As re tro v ira l onc-genes h av e  b een  derived  b y  reco m b in a tio n  from  cellu­
la r  onc-genes, th e  la t te r  were called  p ro to -o n c  genes [42]. This te rm  has been 
accep ted  h u t m ay  be m islead ing  [43] since it refers on ly  to  th e  possib le onco­
genic cap ac ity  o f th e se  genes, w hich  can  he realized  o n ly  a fte r  reco m b in a tio n

I s t v á n  F ö l d e s , J á nos M in á r o v it s

M ierobiological Researeh Group, N ational In stitu te  o f H ygiene 
P ihenő  ú t 1, H-1529 B udapest, H ungary
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Abbreviations used

A E V A vian e ry th ro b la s to s is  v iru s
A -M uLV Abelson m u rin e  leu k aem ia  v irus
A MV A vian m y elo b las to s is  v iru s
B77 B77 av ian  sa rco m a  v iru s
В A L B  MuSV Balb m urine  sa rco m a  v iru s
CM II A vian m y e lo cy to m ato sis  v iru s CM II
E26 A vian leukosis v iru s  s tra in  26
ESV E sh sa rco m a v iru s
FSV F u jin am i sa rco m a v iru s
G a-F cS V G ardner-A rn s te in  feline sarcom a v iru s
G z-M uSV G azdar m u rin e  sa rco m a  v iru s
H a-M uS V H arvey  m u rin e  sa rco m a v iru s
K i-M uSV K irsten  m u rin e  sa rco m a v irus
MC29 A vian m y e lo cy to m ato sis  v iru s MC29
M H 2 A vian m y e lo cy to m ato sis  and  carc inom a v iru s  MH2
M o-M uSV M oloney m u rin e  sa rco m a v iru s
M S-FeSV M cD onough fe line  sarcom a v irus
O K IO A vian m y e lo cy to m ato sis  v iru s O K IO
P R C  II PR C  I I  sa rco m a v iru s
P R -R S V Prague  s tra in  R o u s sa rco m a v irus
R a-R S V R asheed r a t  sa rco m a  v iru s
rA SV R ecovered a v ia n  sa rco m a v iru s
R E V - T A vian re ticu lo en d o th e lio s is  v irus-T
R SV Rous sarcom a v iru s
ssv Sim ian sa rco m a v iru s
ST -FeSV Snyder-T heilen  fe line  sarcom a v iru s
U R 2 U R 2 av ian  sa rco m a  v iru s
Y73 Y73 av ian  sa rco m a  v iru s

w ith  a re tro v ira l genom e o r th ro u g h  a c tiv a tio n  b y  v ira l re g u la to ry  elem ents 
(p ro m o te r  insertion  th e o ry  [44 -50 ]), or b y  o th e r  processes [51 -57 ], b u t  does 
n o t  re fe r  to  th e ir  possib le  ro le  in  n o rm al (non-oncogenic) d ev e lo p m en t. T hus, 
it  h a s  been  h y p o thesized  th a t  p ro to -onc gene p ro d u c ts  are d iffe ren tia tio n  
a n tig e n s  [2, 42].

A n tigens th a t  a re  ex p ressed  on some b u t  n o t all cells o f an  o rgan ism  have 
b e e n  te rm e d  d iffe ren tia tio n  an tig en s. T heir expression  m ay  be re s tr ic te d  to  
p a r t ic u la r  cell lineages, to  d e te rm in ed  stages o f cell d iffe re n tia tio n  or o th e r 
p ro cesses  [58]. To p ro v e  t h a t  p ro to -onc  gene p ro d u c ts  can  b e  acknow ledged 
as d iffe re n tia tio n  an tig en s , d a ta  re fe rring  to  tra n sc r ip tio n  a n d  tr a n s la tio n  of 
p ro to -o n c  genes in n o rm a l (n o n -tran sfo rm ed ) cells h av e  to  be s tu d ie d . In  th is  
p a p e r  we shall th ere fo re  su m m arize  th e  know n  re tro v ira l onc-genes an d  th e ir  
p ro d u c ts , th e n  d a ta  re fe rr in g  to  tra n sc r ip tio n  a n d  tra n s la tio n  o f p ro to -o n c  genes.

T a b le  I  shows th e  k n o w n  v-onc genes an d  th e ir  p ro d u c ts . I t  c an  be seen 
t h a t  som e of th e  onc-genes occu r in  m ore th a n  one re tro v iru s  genom e, i.e. th e  
n u m b e r  o f onc-genes is less th a n  th e  n u m b er o f in d e p e n d e n tly  iso la ted  re tro ­
v iru se s .

I t  is w orth  m e n tio n in g  th a t  in  a n u m b e r o f acu te  re tro v iru se s  gag-genes 
(co d in g  for core p ro te in s  o f  th e  v irus) and onc-genes p roduce  a fu sion -p ro te in .

C om paring  th e  am in o -ac id  sequences of th e  onc-gene p ro d u c ts  de te rm in ed  
b y  th e  nucleic acid sequences of cloned onc-genes, a m ark ed  hom ology  could
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Table I

V-onc genes and their protein products*

Virus V-onc; gene P r tein product K nown function of the protein product References

RSV I 
1377 
r \S \
P R -R S V  )

SIC

A vian  sarcoma viruses 

рр 6 0 8ГС p ro tein-k inase 7, 8, 60-64, 
66-70,
35 37

Y73 1 
ESV 1 yes

Р90«!1к~Уе8
P 8 0 gag—yee p ro te in -k inase

11, 38, 70, 81

FSV I 
PR C  IF 1
16L
UR1 *

fps

P 1 3 0 gftg—,pe 
P1 0 5 gag- fp% P I 10g ' 
P1 4 2 gag““fps
P 1 50^‘« - 'p»

%—fps

p ro te in -k inase

11, 39, 70, 82, 
84 87

U R  2 ros Р 68к'*—ro" p ro te in -k in ase 11, 88-90

M am m alian sarcoma viruses

Ki-M uSV
Ila-M uSV
R a-R SV

kis
has
ras

p 21ki"
p 21h“‘
Р29к!« - га»

guan ine-nucleo tide  binding, 
au to p h o sp h o ry la tio n

14, 31, 32,
73, 74. 91, 

92
B A LB  MuSV bas р 21Ьл' guan ine-nucleo tide  b inding 74

F B J  m urine  
osteosarc. v. fos

р41<оя (predicted) 
p55fo* (observed) 25, 93

Mo-MuSV 1 
Gz-MuSV J mos p37m0" 28, 30, 94, 95, 

98

ST-FeSV 1 
GA-FeSY j fes

Р 8 7 8 » к —ip»

Р1 0 8 г“в—les p ro tein-k inase
17, 59, 65, 96 

97, 99

MS-FeSV fms P1 8 0 8“8 - '1™
a p l^ ) '" '“
g p l20 ,m»

100,101

s s v sis p28sl" 13, 18, 40, 
76, 102

Acute avian leucosis viruses
AMY
E26

myb
invb

p30myb (predicted) 10, 20, 33

A FV erb P 7 4 g ;‘g—erbA
p61erbB 10, 103-105

MC29 I 
M1I2 1 
CM II
OKIO )

myc
P1 1 0 gag_myc 
P100gag—myc
Р 9 0 8 пк—т Ус 
Р200^ак—pol—myc

D N A -bind ing  pro tein
10, 34, 106- 

108

R E V -T rcl
A cute  mam m alian leucosis virus

12, 109

A-M uLV abl Р 120‘'“8~ “ы p ro te in -k inase 70, 110

* N am es and spelling are  in m ost cases in  accordance w ith  the  guidelines proposed by 
Coffin e t al. [ I l l  I
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Table II

Transcription o f  c-onc genes in normal cells and tissues

C-onc RNA copies 
gene per cell Cell or tissue Notes References

0.5-1.5

> 0 .3
> 0 .3

2-4
2-3

14-day-old chicken b ra in , liver, bone-m arrow , b u rsa , k idney, 
spleen, lung

10-day-old chicken thym us 
14-day-old chicken h e art and  m uscle 
chicken an d  quail em bryo fib rob lasts 
3-6-m onth-o ld  chicken liver and  bursa

I 1-5
yes I 26 

( > 0 .3

In  all chicken tissues exam ined except k idney
14-day-old chicken kidney
chicken and  quail em bryo fib rob lasts

fps
> 0 .3 -1 .1  in all chicken tissues exam ined excep t bone marrow­

y -d a y -o ld  chicken bone m arrow  
> 0 .3  chicken and quail em bryo fib rob lasts

J > 0 .3 -0 .7
l  2.

in  all chicken tissues exam ined except k idney 
14-day-old chicken k idney

kis re la tive ly  h igh levels in  a r a t  k id n ey  cell line

expressed a t  h igh b u t  sim ilar levels in  all stages o f p renatal 
developm ent of the  m ouse

has/bas 2 d is tin c t bas-rela ted  R N A  species were de tected  in  norm al
hum an  fib rob lasts

mos transcrip tio n a lly  silent in all ro d en t cells and tissues exam ined

10, 11, 47,
U naffec ted  by  cellu lar grow th conditions 112, 113

11

11, 47

11

110 tim es increased expression in a ra t  
em bryo cell line sub jected  to anaerobic
stress 77, 128

114,115

c-mos sequences are h y p erm eth y la ted  114, 116
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significant expression in mouse p renata l developm ent especially

fos- in the p lacen ta
expressed a t low levels in all p o stn a ta l tissues: 5-20 tim es h igher 

levels in bone and skin
114

fes not de tectab le  in feline em bryo cells 125

sis not de tectab le  in  hum an  em bryonic fib rob lasts 115

inyb

1-2

1 - 1 . 5
9.6 
9.1

21.3
6.7 

20.6
3

15 19-day old chicken em bryo and  1 3-day-old chicken m uscle, 
k idney , liver, spleen and  3-6-m onth-o ld  chicken liver 

chicken em bryo fib rob lasts 
15-19-day-old chicken em bryo yolk sac 
15-19-day-old chicken em bryo bu rsa  
15-19-day-old chicken em bryo bone m arrow  
1 3-day-old chicken bursa  
1-3-day-old  chicken bone m arrow  
3-6-m onth-o ld  chicken bursa

47, 117

1 í  2-3 
егЬ { 2-4

chicken and quail em bryo fib rob lasts 
3 -6-m onth-o ld  chicken bursa and liver

no t de tectab le  in chicken 
fib rob lasts infected w ith  a helper v irus 10, 47, 118

m yc
г з  i o

[ 2-5

chicken and  quail em bryo fib rob lasts, expressed in duck em bryos 
and in  hu m an  fib rob lasts as weil 

3-6-m onth-o ld  chicken liver and  bursa
9, 10, 47, 
115, 119

rel
detectab le  in tu rk ey , chicken, and quail em bryo fib rob lasts and 

in chicken m uscle; 2 -3  tim es h igher levels in haem opoietic 
tissues

12, 122

аЫ

significant tran scrip tio n  during  p ren a ta l developm ent o f mouse 
increasing  till day  10 and  decreasing th e rea fte r; expressed in all 
p o stn a ta l m ouse tissues exam ined

3 tim es h igher levels in spleen and thym us 
th an  in o th er organs, highest level in 
young ad u lt testes.

N orm al hum an  fib rob lasts con tain  2 dis­
t in c t ab l-re la ted  RN A  species

114. 115
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be fo u n d  betw een p60srt a n d  p90gag ' s p ro te in s , th o u g h  th is  hom ology  could 
n o t  be  d e tec ted  by  th e  co m m o n ly  used nucleic acid h y b rid iza tio n  m e th o d  [38]. 
T h e  am in o -ac id  sequence o f p60blx show s also som e re la ted n ess  to  th e  p l0 8  IS, 
p l3 0 fps an d  p87tlb tra n s fo rm in g  p ro te in s  [39, 59]. The a c tiv itie s  of th ese  
p ro te in s  show sim ilarities, h a v in g  a p ro te in -k in ase  a c tiv ity  p h o sp h o ry la tin g  
th e  ty ro s in e  residues o f com m on  p ro te in  su b s tra te s  [60-70]. H om ology could 
he  d e te c te d  also b e tw een  th e  ca rb o x y -te rm in a l p a r t  o f p60slt a n d  p37m0!’ 
c o d ed  fo r by  M oloney M uSY , th o u g h  th is  la t te r  p ro te in  show s no  p ro te in - 
k in a se  a c tiv ity  and  its  fu n c tio n  is n o t know n [29]. I t  should , how ever, he n o ted  
t h a t  a v a r ia n t of M o-M uSY know n  as ts  110 M uSV codes fo r a gag-m os p o ly ­
p ro te in  (p85gdĝ mob) w hich  h a s  an  associa ted  p ro te in -k in ase  a c tiv ity  [71].

p 6 0 blL and p37m0i> are  re la te d  to  th e  ca ta ly tic  su b u n it o f cyclic AM P- 
d e p e n d e n t p ro te in -k inase  iso la ted  from  bov ine  h e a r t  m uscle [72]. T h u s , a range 
o f  ho m o lo g y  (P 108gag- fes- p l3 0 fps-p87gag fes-p90gag~ yes-p60src-p37mos-bov inc P K ) 
c a n  b e  con stru c ted .

S im ilarly , th e  s tru c tu ra l ly  re la ted  p21 p ro te in s  coded for b y  H a r,li and  
K ildb onc-genes of th e  ra s  fa m ily  also have  s im ila r ac tiv itie s ; th e se  a re  guan ine- 
b in d in g  p ro te ins [73, 74] show ing  a p a r tia l  am ino-acid  sequence hom ology 
w ith  th e  nu c leo tid e -b in d in g  su b u n it of m ito ch o n d ria l an d  b a c te r ia l H +- 
A T P a se  [75].

T h e  p red ic ted  seq u en ce  of p28hlb is id en tica l to  th e  am in o -ac id  sequence 
o f  h u m a n  p la te le t-d e riv ed  g ro w th  fac to r  in  a reg ion  of 104 con tig u o u s am ino- 
ac id s . T he significance o f th is  hom ology has n o t been c la rified  [76].

D a ta  referring  to  tra n s c r ip tio n  of p ro to -o n c  genes in  n o rm a l (n o n -tran s- 
fo rm e d ) cells are su m m arized  in  T ab le  I I .  E x p e rim en ts  w ere ca rr ied  ou t by  
h y b r id iz a tio n  of H 3 or P 32-labelled  cD N A  one p robes or cloned c-onc an d  v-onc 
gene p ro b es w ith  R N A  m olecules e x tra c te d  from  cells or tissues. B y  th is  m eth o d  
one  RINA m olecule/cell can  b e  d e tec ted  (T able I I ) .

O n th e  basis o f th e ir  tra n sc r ip tio n  a c tiv ity , p ro to -onc genes can be 
g ro u p e d  as follows, (i) T h e y  are  n o t tra n sc rib e d  in  a n y  of th e  ex am in ed  no rm al 
cells (e.g. h y p e rm e th y la te d  c-m os gene or p ro b a b ly  fes, sis), (ii) T hey  are  
t r a n s c r ib e d  a t a sim ilar leve l in  all exam ined  cells (e.g. sre, m yc, p ro b a b ly  has), 
(iii) T h e y  show a cell-specific  tra n sc r ip tio n  a c tiv ity  (e.g. yes, ros, m yb , abl, 
fos, fp s).

I t  m ay be supposed  t h a t  p ro to -onc  genes o f g roup  (i) a re  also tra n sc rib e d  
in  a p h ase  of d ev e lopm en t n o t y e t exam ined .

T ran sc rip tio n  o f som e p ro to -onc genes can be in fluenced  in  v itro  (e.g. 
K ildb gene is a c tiv a te d  b y  anaerob ic  stress [77]; c-m yc gene is in h ib ited  by  
D M SO  [78]).

T ran sla tio n  o f p ro to -o n c  genes in n o rm a l cells is sum m arized  in  T ab le  I I I .  
I t  c a n  be seen th a t  o n ly  a few  p ro to -onc  genes h av e  been  ex am in ed  in  th is  
re s p e c t. I t  is, how ever, e x p e c te d  th a t  specific (m onoclonal) an tib o d ie s  against
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Table III

C-onc gene related translation products in  norm al cells and tissues

C-onc
gene Protein product Cell or tissue Function References

src pp60“~sro chicken and  du ck  em hryo fib ro ­
b last ring-necked p h easan t cells 
quail, r a t  a n d  hu m an  fib ro ­
blasts, X iphophorus fish  b ra in

protein-kinase 79, 80, 
120

fps NCP98 (p98c' f!“) chicken hone m arrow  cells con­
ta in  more th a n  liver or lung

pro tein-k inase 121

has p21c-ha‘ low levels in  r a t ,  m ouse, m ink, 
ham ster, r a b b it ,  tu rk ey , b a t,  
cat, dog, horse, m onkey and 
hum an cells; 100 tim es h igher 
level in 416В mouse haem o- 
poietic p recu rso r cell line

guanine-nucleotide 
b ind ing  pro tein

74, 123, 
124

mos ? n o t detectab le  in  un infected  
N IH /3T 3 cells by  an ti-p37moe 
serum

94

sis 9 n o t detectab le  in  uninfected  
m arm oset cells b y  an ti-p28HI8 
serum

102

abl NCPL50 (p l5 0 c- 'bl) m ouse thym us con ta ins more 
th a n  spleen a n d  bone m arrow ; 
not detectab le  in  liver an d  in 
mouse fib ro b last cultures

126, 127

m a n y  v ira l „ tra n s fo rm in g  p ro te in s“  vvill be p ro d u ced  sh o rtly , an d  th is  w ill 
allow  to  detec t th e  n o rm a l cell p ro te in s  c ross-reacting  w ith  v ira l tran sfo rm in g  
p ro te in s .

E xpression  o f N C P  150L abl, P21 c has, an d  N C P 98c fps p ro te in s  p roved  
to  he specific.

p60SK p ro te in  h as  been d e tec ted  in all th e  v e r te b ra te  cells exam ined  
ex cep t in those o f th e  fie ld  vole a n d  h a m ste r ; its  expression  is unaffec ted  by  
ce llu la r g row th co n d itio n s [79, 80]. P ro te in s  analogous to  p28blb a n d  p37mob 
could  n o t  be d e tec ted , in  ag reem en t w ith  d a ta  o f tra n sc r ip tio n  stud ies.

T h u s, some o f th e  know n p ro to -o n c  gene p ro d u c ts  can  be accep ted  as 
d iffe ren tia tio n  an tigens a t  least by  d efin itio n . T his does n o t y e t m ean  th a t  we 
h a v e  a n y  know ledge a b o u t th e  m echan ism s by  w h ich  p ro to -onc  gene p ro d u c ts  
m a y  influence  cell d iffe ren tia tio n . I t ,  how ever, is su p p o sed  th a t  s tu d ies  re fe r­
rin g  to  th e  role of p ro to -o n c  gene p ro d u c ts  rep resen t one of th e  m ost p ro m isin g  
a rea s  n o t only in carcinogenesis, b u t also in cell d iffe ren tia tio n .
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N O T E  A D D E D  IN  P R O O F

Since th e  co m p le tio n  o f th e  m an u sc rip t tlie^fo llow ing  resu lts  hav e  been  pu b lish ed : 
v -e rb B  codes for a t ru n c a te d  ep id e rm a l g row th  fa c to r  re ce p to r [D ow nw ard , J . ,  Y a rd én , Y ., 
M ay es, E ., Scrace, G., T o tty ,  N ., S tockw ell, P ., U llrich , A ., Schlessinger, J . ,  W ate rfie ld , D. M.:

N a tu re  307, 521 (1984)] an d  th e  p21 p ro te in s  encoded  b y  v -h as, v -k is  a n d  c -h as/b as 
gen es show  amino acid  seq u en ce  hom ologies w ith  e lo n g a tio n  fac to r-T u  [L eb erm an , R ., E gn er,
U .: E M B O  J . 3, 339 (1984)]; c-k is is expressed  u b iq u ito u s ly  a t  sim ilar level in  all m ouse tissu es 
e x am in ed , while c-fm s is ex p ressed  a t  e levated  levels in  th e  p lacen ta  an d  th e  e x tra em b ry o n a l 
m e m b ra n e s  [M üller, R ., S lam o n , D. J . ,  A dam son, E . D ., T rem b lay , J .  M., M üller, D ., Cline, 
M. J . ,  V erm a, I. M.: M olec Cell B iol 3 , 1062 (1983)]. T ran sc rip ts  o f c-ras increase  co n co m ita n tly  
w ith  th e  b u rs t of D N A  sy n th e s is  in  reg en era tin g  r a t  liv e r an d  rap id ly  re tu rn  to  b asa l levels 
[G o v e tte , M., P e tro p o u lo s , C. J .,  S h an k , P . R ., F a u s to , N .: Science 21 9 , 510 (1983)]. M itogen 
s t im u la tio n  d ram a tica lly  e le v a te s  c-m yc m R N A  levels in  ly m p h o cy tes  a n d  f ib ro b la s ts  [K elly , 
K „  C ochran, B. H ., S tiles, C. D „  L eder, P .: Cell 35 , 603 (1983)]; pp60c' src is expressed  a t  h igh  
lev e ls  in  neural tissues (C o tto n , P . C., B rugge, J . S.: M olec Cell Biol 3 , 1157 (1983)] an d  its  
e x p ress io n  coincides w ith  th e  o n se t o f d iffe ren tia tio n  of n eu ro n al cells [Sorge, L. K ., L evy ,
B . T ., M aness, P . F .: Cell 36 , 249 (1984)]. N orm al m ouse am n io n  cells co n ta in  h igh  levels o f 
p 5 5 c tos, a nuclear p ro te in , th e  p ro d u c t o f c-fos gene [C u rran , T ., M iller, A. D ., Zokas, L ., V erm a,
I. M .: Cell 36, 259 (1984)].
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E F F E C T  OF T H E  C A R BA M A T E  IN S E C T IC ID E  
SE V IN ®  O N  ANABAENA  SP. A N D  

WEST I ELLOP SIS PROLIÉ ICA

S. P. A d h i k a r y , P r a v a t a  D a s h  and H . P a t t n a ik

Department o f  B otany , N ow rangpur College, N ow rangpur, and A lgal Physiology Laboratory, 
D epartm ent o f B otany, B erham pur U niversity , B erham pur, Ind ia

(R ece iv ed  F e b ru a ry  8, 1983)

E ffect of th e  insecticide Sevin®  (5 0 %  w /v) was ex am ined  on su rv iva l, g ro w th  a n d  n i tro ­
gen fixation  of tw o  filam entous b lu e-g reen  algae, Anabaena  sp. and W esliellopsis prolifica . 
Low er co n ce n tra tio n  of the  insecticide (10 //g nil) increased  su rv iv a l, g row th  an d  n itro g e n  f ix a ­
tion  while h igher co n cen tra tio n s show ed an  in h ib ito ry  effect.

The in c reasin g  use of pestic id es  in  ag ricu ltu re  is likely  to  h av e  an  im p a c t 
on th e  soil m icro flo ra , p a r tic u la r ly  on b lue-green  algae w hose ro le in  soil 
fe r tility  is well know n [1, 2], c o n se q u e n tly  a tte n tio n  has tu rn e d  to  th is  asp ec t 
13—8]. B lue-green  algae in genera l h av e  been found  to  show  a h igh degree  of 
to le ran ce  to  m a n y  o f the ag ric u ltu ra l chem icals a lth o u g h  th e ir  to le ran ce  lim its  
[9, 10] v a ry  w idely . Sevin® (ca rb a ry l- 1 -n ap h th y l m e th y l ca rb am ate) is b eco m ­
ing of increasing  im portance  as a possible rep lacem en t for D D T , since th e  
la t te r  tends to  accu m u la te  in th e  e n v iro n m en t an d  along food chains. T he 
p re se n t s tu d y  deals w ith  the  e ffec t o f the  c a rb a m a te  insecticide Sevin® on 
th e  g row th  and  n itro g en  f ix a tio n  o f  tw o  rice field  b lue-green  algae A nabaena  
sp . and  W estiellopsis prolifica.

M aterials and m ethods

Pure cu ltu res o f  th e  blue-green a lgae  A nabaena  sp. an d  IF. prolifica  J a n e t  were u sed  as 
th e  experim en ta l m a te ria ls . JF. prolifica  w as g row n in Allen an d  A rnon’s n itrogen  free m ed iu m  
[11] w ith  m ic ro -n u trien ts  a t  th e  co n ce n tra tio n  recom m ended  b y  Fogg [12]. F o r A nabaena  sp. 
th e  m edium  C of K ra tz  an d  Myers [13] w as u sed . T he cu ltu res  w ere m ain ta in ed  a t  28 ±  2 °C 
u n d e r  2200 lux p ro v id ed  b y  day ligh t f lu o re sce n t tu b es . E x p erim en ts  were con d u cted  by  in o cu la ­
tio n  o f actively  grow ing  algae in to  10 ml o f c u ltu re  so lu tion  in  15 X 150 m m  Corning te s t  tubes. 
C om m ercial grade Sevin®  (U nion C arbaz ide  L im ited , In d ia )  co n ta in in g  50%  w /v a c tiv e  in ­
g red ien ts  was used  as th e  insecticide. I ts  s to c k  so lu tion  was p rep ared  freshly  for ex p erim e n ts  
in  sterilized  m edia an d  ad d ed  aseptically  to  th e  cu ltu re  m edia  to  o b ta in  the desired  c o n c e n tra ­
tio n . T he pH  of all th e  te s t  m edia was a d ju s te d  to  7.8.

S ib a  P r a sa d  A d h ik a b y

D epartm ent of Botany, N ow rangpur College 
N ow rangpur 764 059, K o rapu t D ist., Orissu, India

P r a v a ta  D a sh , H a r ih a r  P a t t n a ik  
B erham pur University 
B erham pur 760 007, Orissa, Ind ia

Acta Microbiologica Hungarica 31, 1984



336 ADHIKARY et al.

G row th  of algae w as e s tim a te d  in term s of th e  a b so rb an c y  of th e  acetone e x tra c t in  an 
E rm a  pho toelectric  co lo rim eter a t  660 nm . H eterocyst freq u en cy  of A nabaena  sp. was expressed  
as th e  percen tage  of v e g e ta tiv e  cells in the filam en ts. T o ta l n itro g en  was estim a ted  a t 3-day 
in te rv a ls  during  th e  15 d a y s  o f in cu b a tio n . The cu ltu res  w ere su b jec ted  to K je ldah l d igestion  
a n d  to ta l  nitrogen was e s tim a te d  according to F ried rich  as m odified  by  H e rb e rt e t al [14]. Cor­
re c tio n s  were m ade for th e  n itro g e n  p resen t in the  insectic ide .

R esults and discussion

The effect o f d iffe re n t concen tra tions o f Se vin® (10-1500 Цg/ml) on the  
su rv iv a l o f A nabaena  sp . an il W . prolifica  show n in T ab le  I in d ica tes  a p rog res­
sive decrease in su rv iv a l w ith  increasing c o n cen tra tio n s  of th e  pestic ide. A t 
500 //g/m l th e  in sec tic ide  cou ld  kill 70%  an d  9 0 %  o f th e  p o p u la tio n  of W . p ro li­

f i c a  an d  Anabaena , re sp ec tiv e ly ; 1000 //g /m l o f  Sevin® was a lg is ta tic  for 
A nabaena  sp. b u t s till h ig h e r con cen tra tio n s (1500 //g/m l) w ere alg icidal for 
A nabaena  sp. and  W . p ro lifica . The tim e course  g row th  in d ifferen t pestic ide 
co n cen tra tio n s  show ed  a p ro lo n g a tio n  o f th e  lag  p h ase  p a rtic u la rly  a t  higher 
co n cen tra tio n s  (/> 5 0  //g /m l; T able I I ) . T h ere  w as also a p ercep tib le  in h ib ition  
o f  he te ro cy sts  in  A n a b a en a  w ith  increasing  co n cen tra tio n s  o f th e  insecticide 
(T ab le  I I I ) . A t 500 //g /m l heterocysts  w ere co m p le te ly  suppressed . T he tren d  
in  W . prolifica  w as sim ila r. W hile h ig h er co n cen tra tio n s  of th e  pestic ide 
(^>50 //g/ml) in h ib ite d  th e  n itrogen -fix ing  p o te n tia l  o f b o th  organ ism s, it  was 
h a rd ly  affected a t  10 //g /m l (Table IV). T hese re su lts  w ere sim ilar to  those of 
o th e r  w orkers [8, 15].

The Sevin® dose recom m ended  to  c o n tro l rice  pests  is 1 .0-1.5 K g /h ec ta re  
w hich  will be a ro u n d  4 -1 2  p p m  in th e  rice fie ld s. Since th e  tox ic  dose of Sevin® 
u sed  in  these  e x p e rim e n ts  is >-10 //g/m l, th e se  co n cen tra tio n s  m ay  n o t affect 
th e  g row th  an d  n itro g e n  fix a tio n  of b lu e -g reen  algae in  fie ld  cond itions.

Table I

Percent survival o f  A n a b a en a  sp. and W . p ro lifica  in  the presence o f  different concentrations
o f Sevin® in  the m edium

Concentration of Percent survival

Sevin®  /tg/ml A nabaena  sp. W . pro lifica

10 100 100
20 85 90
50 55 75

100 26 52
200 20 45
500 10 30

1000 0.8 5
1500 0 0

C u ltu res w ere incubated  a t 28 ±  2 °C u n d e r 2200 lu x  for 15 days
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Table II

Growth in  terms o f  optical density o f  acetone dissolved pigm ents at 660 nm o f  A nabaena  sp. and
W. prolifica in  the presence o f various concentrations o f Sevin®

Anabaena  sp. W . prolifica
Concentration 

of Sevin®  /ig/m l days of incubation days of incubation

3 6 9 12 15 3 6 9 12 15

0 (contro l) 0.08 0.15 0.3 0.4 0.44 0.04 0.1 0.13 0.15 0.17

10 0.1 0.2 0.31 0.42 0.46 0.05 0.12 0.135 0.145 0.16

50 0.02 0.11 0.27 0.35 0.39 0.025 0.065 0.1 0.12 0.13

100 0.01 0.03 0.04 0.15 0.22 0.02 0.03 0.075 0.095 0.11

500 0.01 0.01 0.01 0.015 0.018 0.01 0.01 0.03 0.05 0.06

Table III

Effect o f  d ifferent concentrations o f  Sevin®  on heterocyst frequency ( per cent o f  cells) o f  A nabaena  sp.

Concentration 1)аУ" of incubation
of Sevin®  /fg/ml 3 6 9 12 15

0 (contro l 6.2 6.5 5.4 5.0 5.3

10 6.5 6.7 5.9 5.85 5.7

50 5.8 5.0 4.4 3.9 3.2

100 4.0 1.9 1.7 1.0 0.8

500 3.0 0 0 0 0

Table IV

Effect o f  d iffe ren t concentrations o f  Sevin®  on the total nitrogen content (m gjE) m l) o f  A nabaena
sp. and IV. prolifica  cultures

W . prolifica  

days of incubation

6 9 12 15

0 (control) 0.7 1.3 1.8 2.4 3.8 0.3 0.45 0.7 1.2 1.5

10 0.5 1.0 1.6 2.5 4.0 0.25 0.5 0.8 1.25 1.35

50 0.2 0.25 0.6 1.2 2.0 0.2 0.4 0.5 0.6 0.75

100 0.2 0.22 0.25 0.5 1.3 0.15 0.2 0.4 0.5 0.6

500 0.18 0.2 0.2 0.22 0.22 0.1 0.1 0.12 0.12 0.12

Concentration 
of Sevin®  //g/ml

.Anabaena sp. 

days of incubation

9 12 15

Acta \Iicrobiologica JIungarica 31, 1984



338 ADH IK AR'Ï et al.

A t h ig h e r  co n cen tra tio n s  ( > 5 0  ,ug/ml), how ever, th e  n itrogen  f ix in g  ab ility  
of b lu e -g reen  algae dec reased  considerab ly  a n d  th u s  excessive use of th e  
in sec tic id e  m ay  well a ffec t th e  overall n itro g en  е з о п о т у  of rice-field  soils.
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THE FAECAL ACTINOMYCETE FLORA OF 
PROTRACHEONISCUS AMOENUS 

(WOODLICE; ISOPODA)

K . M a r i a l i g e t i , K a t a l in  J a g e r . I .  M . S z a b ó .

M Á R I A  P o B O Z S N Y  and  A .  D z i N G O V

D epartm ent o f  M icrobiology , Department o f  System atic  Zoology and Ecology,
Eötvös Loránd U niversity . B udapest. H ungary , and F acu lty  o f  Forestry , K ir il  and M etody

U niversity , Skopje , Yugoslavia

(R eceived M arch 24, 1983)

Follow ing a m ark ed  o rd er of preference, ad u lts  o f Frotracheoniscus am oenus consum ed 
in p reference te s ts  th e  fa llen , w ea th e red  leave species o f  fo res t l i t te r  m uch m ore se lectively  th a n  
those  of th e  m illipede Chrom at o iulus projectus. U n d er n a tu ra l  c ircum stances, th e  in d iv id u a ls  
(p rejuveniles, juven iles , y o u n g  ad u lts  and  adu lts) o f these  tw o species live freq u e n tly  to g e th e r 
in th e  forest l itte r- lay e r, feed ing  on w eath e red  leaves o f th e  v e ry  sam e tree  species an d  p lac ing  
th e ir  faecal pe lle ts in  the  v ic in ity  of each o ther. A ccord ing ly , th ere  is a h igh  p ro b a b ili ty  of 
m u tu a l co n tam in a tio n  w ith  th e ir  faecal bac teria . In  c o n tra s t ,  p ro m icro m o n o sp o ra-ty p e  in te s t i­
nal ac tinom ycètes ch arac te rized  by  cell-w all com position  ty p e  V I colonize only th e  faeces of 
Ch. projectus, an d  are co m p le te ly  lack ing  of th e  d ropped  p e lle ts  o f woodlice. D iverse species of 
s trep to m y ce tes  were d e tec ted  in th e  fresh faecal m a tte r  o f  b o th  litter-dw elling  an im al species, 
b u t  p resu m ab ly  th ey  were o idy  su rv ivo rs of gu t passage an d  passive  trav e lle rs  th ro u g h  th e  
d igestive  canal.

The genera  Oerskovia  and Prom icrom onospora , to g e th e r w ith  th e  non- 
m ot ile oerskovia-like o rgan ism s m ay a t p re sen t he reg a rd ed  from  b o th  th e  
tax o n o m ic  an d  ev o lu tio n a ry  po in ts  of view , as one o f  th e  m ost p ro b lem a tic  
g roups w ith in  th e  o rd e r Actinom ycetales [1]. In  o lder cu ltu res, th e  s u b s tra te  
h y p h  ae of th ese  organ ism s b re a k  in to  b ac te riu m -lik e  cy lindrica l and  sp h erica l 
bodies p roduc ing , v e ry  ra re ly  if  a t  all, single spores o f  unknow n  s tru c tu re  an d  
dev e lo p m en t, an d  d iam ino-p im elic  acid is co m p le te ly  lack ing  in tlie ir cell-w all 
com ponen ts (cell-wall ty p e  V I). These poorly  k n o w n , p a r tly  fa c u lta tiv e ly  
anaerob ic  p ro ca ry o tes  m ig h t perh ap s belong to  a new  fam ily  [1] o f u tm o s t 
tax o n o m ic  im p o rtan ce  w ith in  th e  Actinom ycetales, connecting  ev o lu tio n a lly  
th e  tru e  b ac te ria  w ith  th e  ty p ic a l ac tinom ycètes w hich  p roduce  b ran ch in g  
h y p h a l filam en ts  an d  con id iophores. U ntil re cen tly , in  cu ltu re  collections an d

K á r o l y  Ma r ia l ig e t i, I stván  M. Szab ó , K a t a l in  J ager  
D epartm ent of Microbiology, Eötvös Loránd U niversity 
Múzeum k rt. 4 /a, H-1088 B udapest, H ungary

MÁRIA P o bozsny

D epartm ent of System atic Zoology and Ecology 
Eötvös Loránd U niversity,
Puskin u. 3, H-1088 B udapest, H ungary

A. D zin go v

Facu lty  of Forestry, K iril and Metody U niversity  
Skopje, Yugoslavia

2 Acta Microhiologica llungarica 31, 1984



34t) M Á RIA LIG ETI et al.

re se a rc h  lab o ra to ries  th e re  h a v e  been few av a ilab le  s tra in s an ti th o se  w ere 
w ith o u t excep tion  ra n d o m , single lab o ra to ry  an d  soil isolates. C o n seq u en tly , 
n o th in g  is know n of th e ir  ro le  an d  ecological im p o rta n c e  in th e  b io sp h ere  an d  
o f th e ir  t r u e  n a tu ra l h a b ita ts .

W h ile  stu d y in g  th e  faeca l ac tin o m y cètes  o f soil in v e rte b ra te s  feed in g  on 
fo re s t l i t t e r  [2-4], we h a v e  succeeded  in iso la tin g  from  freshly  d ro p p ed  pelle ts 
o f m illipedes ( D iplopoda)  la rg e  num bers o f s tra in s  of a new  species of 
Prom icrom onospora (P . en terophyla) [5]. T his fin d in g  was th e  f ir s t  one on th e  
t r u e  n a tu r a l  h a b ita ts  re sea rch ed  for a long tim e  o f oerskov ia-p rom icrom ono- 
sp o ra - ty p e  m icrobes. T h e  a im  o f th e  p re sen t w ork  was to  c o n tr ib u te  to  th e  
eco logy  o f  these  a lm ost u n k n o w n  organism s a n d  to  p rov ide  d a ta  on  th e  m icro ­
b io lo g y  o f Protracheoniscus am oenus , an  im p o r ta n t  w oodlice species, w h ich  has 
a co n sid e rab le  p a r t  in  th e  p h y sica l d e s tru c tio n  of p la n t rem ain d ers  in  m an y  
fo re s t ecosystem s.

M aterials and  m ethods

Sam pling  site. A d u lts  o f Protracheoniscus am oenus and  Chromatoiulus projectus, as well 
as fa lle n  leaves of trees used  fo r feed ing  experim en ts , w ere collected from  th e  A 0- an d  A p-hori- 
zons o f a b row n  forest soil u n d e r  a m ixed fo rest s ta n d , p red o m in ated  b y  h o rn b e am  an d  oak 
ssp ., in  th e  V értes m o u n ta in s  in  W est H u n gary .

F eed in g  experim en ts  w ere carried  o u t s im u ltan eo u sly  w ith  specim ens of P . am oenus and 
Ch. pro jectus, un d er la b o ra to ry  cond itions, in  th e  d a rk , w ith  3 parallels, in ny lo n  m esh  covered 
e a r th e n w a re  po ts (18 X 18 X 5 cm ) k e p t in m oistened  san d . I n  each  po t 50 w eighed  an im als were 
p la c e d  a n d  fed one g a ir d ry  le a f  m a tte r  m o istened  b y  sp ray in g  w ith  d istilled  w a te r. A t th e  end 
o f e a c h  feeding ru n  of 10 d a y s  d u ra tio n , th e  rem a in ed  lea f m a tte r  was co llected , w eighed, and 
th e  a m o u n t of th e  co n su m ed  l i t te r  food w as ca lcu la ted . R esu lts  were expressed  in  m g of con­
su m e d  le a f  l it te r  per d ay  or m o n th  pe r g live  b o d y  w eigh t.

Isolation o f  strains. F re sh ly  collected an im al specim ens were c leaned superfic ia lly  from  
c o a rse  soil partic les an d  p lac ed  on  a sterile  w ire screen , w hich  allowed th e ir  faeces to  fall in to  
a  s te rile  dish. F rom  th e  fresh  faecal pelle ts serial d ilu tio n s  were p rep ared  a n d  sp re ad  in P e tri 
d ish es o n to  the  surface of s ta rc h —casein (soluble s ta rc h , D ifco, 1 .0% ; casein , 0 .1 % ; N a 2H P O ,
0 .0 5 % ; agar, 1 .5% ; p H  7.0) a n d  s ta rc h -y e a s t  e x tra c t (so luble s ta rch , Difco, 2 .0 % ;y e a s t  e x tra c t, 
2 .0 % ; ag ar, 1 .5% ; p H  7.0) a g a r p la tes . A fter 17 days in c u b a tio n  a t 28 °C, th e  n u m b e r o f colonies 
w e re  co u n ted  and th e  to ta l  n u m b e r  of m icrobes (b a c te r ia  +  actinom ycètes) ca lcu la te d  in  re la ­
t io n  to  1 g fresh m oist faeca l m a tte r . A t th e  sam e tim e  iso lations were m ade  on  a  ra n d o m  basis. 
C olonies o f actin o m y cètes  a n d  also of b a c te ria  th e  ap p ea ran ce  of w hich show ed a c e r ta in  sim i­
la r i ty  to  th a t  of th e  h a d e r ő id  actin o m y cètes w ere tran sfe rred  onto a g a r slopes fo r fu rth e r 
s tu d ie s .

Identifica tion  o f  stra ins. Streptom yces s tra in s  w ere taxonom ica lly  id en tif ie d  b y  using  th e  
m e th o d s  and d esc rip tive  c r ite r ia  o f th e  In te rn a tio n a l  S trep tom yces P ro je c t ( IS P )  and  the  
d e te rm in in g  key com piled  b y  Szabó e t al. [6 ] in  re la tio n  to  species red esc rib ed  b y  th e  collabo­
r a to r s  o f IS P . To id en tify  p ro m icro m o n o sp o ra-ty p e  iso lates by  d irec t co m p ariso n , th e  type 
s t r a in  (ATCC 15908 =  U S S R  R IA -562) o f P . citrea w as used ; the  la t te r  w as rece iv ed  d irec tly  
f ro m  th e  ATCC.

R esults anti discussion

A m ong th e  specim ens collected th e  average  live b o d y  w e ig h t o f th e  
a d u lts  o f P. am oenus p ro v ed  to  be 21.9 i  2.5 m g (Table I). I t  has to  be n o ted  
t h a t  th e  range o f w e ig h t d is tr ib u tio n  o f  Isopoda  species v a rie d  considerab ly
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accord ing  to  h a b ita t ,  tim e  o f sam pling , e tc . [7]. The m ean w e ig h t o f  Ch. pro- 
jec tus  ad u lts  co llected  a t  th e  sam e site  w as 108.9 ±  6.6 mg. In  c o n tra s t , the 
a m o u n t of consum ed  m ixed  lea f- litte r  m a tte r  calcu la ted  for one woodlice 
specim en p er m o n th  w as co m p ara tiv e ly  h ig h er (76.6 2.7 mg) th a n  th a t  for
a m illipede (122.6 ^  7.4 m g, T ab le  I). In  preference te s ts , th e  specim ens of 
P . am oenus w ere feed ing  m ore se lectively  th a n  those of Ch. pro jectus, and  
consum ed  from  th e  offered w ea th e red  T u rk ey -o ak , beech and  E ng lish  oak  litte r  
v e ry  little  or n o th in g  a t  all (Table I).

A t p resen t we do n o t know  how  th e  p a r tic u la r  o rders o f food  preference 
o f  these  an im als d e m o n s tra te d  b y  d iffe ren t au th o rs  [8, 9] d ep en d  on th e  ac tiv ­
ities an d  com position  o f th e  gu t flo ra . T he role of the  m ic ro b ia l fa c to r  in 
se lecting  lea f  specim ens m ig h t be im p o r ta n t since a p a r t from  th e  fa c t th a t  
b a c te ria  can  m u ltip ly  d u rin g  passage of food th ro u g h  th e  g u t e .g ., th e  te r ­
re s tr ia l isopod Tracheoniscus rathkei can  in ten s iv e ly  digest th e  re s id e n t gut 
m icroorgan ism s p a rtic u la rly  u n d e r cond itions of s ta rv a tio n  [10]. U tiliz a tio n  of 
th e  m icrob ial b iom ass m ay  be im p o r ta n t for woodlice, th e  less d iffe re n tia ted  
g u t of w hich is sim ple tu b e-lik e  in  n a tu re  an d  n o t co n stan tly  an ae ro b ic . I t  was 
suggested  th a t  th e  gu t m icro b io ta  o f w oodlice com petes for re a d ily  d igestib le  
su b s tra te s  an d  does n o t s ig n ifican tly  fac ilita te  th e  digestion o f m ore  re s is ta n t 
p la n t  co n s titu e n ts  [11].

In  general, aerobic  an d  facu lta tiv e ly  anaerob ic  b ac te ria  a re  ab so lu te ly  
p re d o m in a n t e lem ents in  th e  g u t flo ra  o f w oodlice. T heir to ta l  n u m b e r  in c lud ing  
ac tin o m y cè tes , ca lcu la ted  from  p la te  coun t e s tim a tes  re la ted  to  s ta rc h  y east 
e x tra c t  ag ar p er one g m o ist, fresh  faecal pe lle ts of th e  adu lts  o f P . am oenus, 
av e rag ed  a b o u t 5 X 107. A ccord ing  to  R eyes an d  T ied je  [10], in th e  g u t c o n ten ts  
o f T. rathkei no ob liga te  anaerobes w ere d e tec ted , since all o rganism s t h a t  grew 
d u rin g  th e  in itia l anaerob ic  in c u b a tio n  also grew  aerobically .

A lthough  u n d e r la b o ra to ry  cond itions лее found  considerab le d ifferences 
in food selection  of these tw o an im al species, th e y  feed un d er n a tu r a l  c ircu m ­
stan ces m ostly  on th e  sam e le a f-m a tte r , n am e ly  on th e  locally  com m on 
w ea th e red  h o rn b eam , an d  less fre q u e n tly  on sessile oak leaves, w h ich  are 
fa v o u rite  food-sources for b o th  o f th em . C onsequen tly , in th e  l i t t e r  la y e r  of 
th e  sam p lin g  a rea , th e ir  feed ing  ac tiv itie s , reg a rd in g  th e  q u a lita tiv e  com posi­
tio n  o f th e  consum ed fo o d -m ateria ls , seem  to  be sim ilar. The co m p o sitio n  of 
th e  ac tin o m y cè te  frac tio n  o f th e  faecal c o m m u n ity  found  in  th e  fre sh ly  d ro p p ed  
p e lle ts  show ed, how ever, g rea t q u a lita tiv e  and  q u a n tita tiv e  d ifferences. W hile 
in th e  pellets o f Ch. projectus  th e  m ax im u m  n u m b e r of ac tin o m y cètes  c o u n ted  
on s ta rch -case in  ag a r p la te s  ap p ro x im a te d  34 %  o f th e  to ta l  flo ra , th e se  m icro ­
bes o ccu rred  spo rad ica lly  in  th e  faeces o f P . am oenus. The large a c tin o m y c è te  
fra c tio n  in th e  m illipede faeces consisted  o f a n e a rly  hom ogeneous p o p u la tio n  
o f a single species o f p ro m ic ro m o n o sp o ra -ty p e , tru e  g u t- in h a b ita n ts  w hich  
w ere co m ple te ly  lack ing  in  th e  faeces o f th e  w oodlice. N ot one single s tra in
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Table 1

A  comparison between selected feeding biological param eters and the composition o f  faecal

Feeding experiments

Species
A verage live body 

weight o f one adu lt 
specim en, mg

Linden-litter 
freshly fallen

H ornbeam - 
li tte r  freshly 

fallen

Hornbeam-
litter

weathered

Englisli-oak-
litte r

weathered

Amount of consumed leaf-litter in percent irelated the weathered

P .  amoenus 2 1 . 9 ± 2 . 5 *

( 3 0 . 9 ) * *

122.6 5 1 . 1 100 0.0

Ch. projectus 1 0 8 . 9 ± 6 . 6 *

( 2 0 0 . 7 ) * *

3 0 , 7 2 0 , 5 100 1 7 , 6

o f th e  m onospored , fa c u lta t iv e ly  anaerobic, b ac te ro id -lik e , en te ra l a c tin o m y ­
cè tes  ch a rac terized  b y  a cell-w all com position  o f  ty p e  V I was iso la ted  from  
P . am oenus  pellets. T h is  f in d in g  was c o rro b o ra te d  b y  Prof. J .  M. A nderson  
(E x e te r , E ng land) w ho s tu d ie d  th e  in te s tin a l t r a c t s  a n d  co n ten ts o f m illipedes 
a n d  w oodlice b y  d ire c t e lec tronm icroscopy . H e  n ev e r found  m onospored  
b ra n c h in g  ac tin o m y cè te  h y p h a e  on th e  in te s tin a l s tru c tu re s  of w oodlice, bu t 
d id  so freq u en tly  on th o se  o f  m illipedes (p erso n a l co m m unica tion , L euven-L a- 
N eu v e , 1982). A lth o u g h  f u r th e r  studies seem  to  b e  n ecessary , our p resen t k n o w l­
edge [2 -5 ] allows to  a ssu m e  th e  p ro m ic ro m o n o sp o ra -ty p e  gu t ac tin o m y cè tes  
h a v e  a d a p te d  th em se lv es  d u rin g  th e ir  e v o lu tio n a ry  h is to ry  v e ry  closely to  th e  
in te s t in a l  m ilieu o f m illip ed es , b u t do n o t occu r e ith e r  in  tru e  soil h a b ita ts  or 
in  th e  in tes tin e  of m a n y  l i t t e r  dwelling in v e r te b ra te s  belonging to  o th e r  large 
g ro u p s o f th e  soil fa tm a .

A  f e w  s t r e p t o m y c e t e  s t r a i n s  w e r e  i s o l a t e d  f r o m  b o t h  m i l l i p e d e  a n d  w o o d -  

l i c e  p e l l e t s .  A t  o u r  s a m p l i n g  s i t e ,  t h e  f a e c a l  s t r e p t o m y c e t e  f l o r a  o f  P . am oenus 
w a s  c o m p o s e d  m o s t l y  o f  s t r a i n s  o f  Streptom yces pluricolorescens, S . m oderatus, 
S . spadicis, S. h u m id u s  a n d  S . nodosus. T h e  t o t a l  n u m b e r  o f  t h e s e  s p e c i e s  a n d  

t h a t  o f  t h e  t o t a l  a c t i n o m y c è t e  f r a c t i o n  i n  t h e  m i c r o b i a l  c o m m u n i t y  o f  t h e  

w o o d l i c e  f a e c e s  w e r e  p r a c t i c a l l y  i n e s t i m a b l e .  T h e  f a e c a l  S. spadicis  s t r a i n s  

p r o d u c e d  g r e y  s p o r e - m a s s  c o l o u r ,  r e c t u s - t y p e  s p o r o p h o r e s ,  s m o o t h  s p o r e s  

( o b s e r v e d  i n  e l e c t r o n m i c r o s c o p e ) ,  m e l a n o i d  p i g m e n t s  o n l y  i n  p e p t o n - i r o n  a g a r ,  

a n d  e x c e p t  s a c c h a r o s e ,  t h e y  u t i l i z e d  a l l  d i a g n o s t i c  c a r b o n  s o u r c e s  ( o - g l u c o s e ,  

L - a r a b i n o s e ,  D - x y l o s e ,  i - i n o s i t o l ,  D - m a n n i t o l ,  D - f r u c t o s e ,  r h a m n o s e  a n d  r a f -  

f i n o s e ) .  S t r a i n s  o f  S . pluricolorescens p r o d u c e d  r e d  a e r i a l  m y c e l i u m ,  r e c t u s -  

t y p e  s p o r o p h o r e s ,  r e d  e n d o p i g m e n t  i r .  s u b s t r a t e  m y c e l i u m ,  n o  m e l a n o i d  p i g ­

m e n t s ,  a n d  t h e y  u t i l i z e d  D - g l u c o s e ,  L - a r a b i n o s e ,  D - x y l o s e ,  D - m a n n i t o l  a n d
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actinomycète flo ras o f  adults o f  P . amoenus and Ch. projeclus

( preference tests) Actinomycètes in fresh faecal pellets

Sessile oak- 
litter

weathered

Turkey oak- 
litte r

weathered

Beech-litter
w eathered

Consumed mixed 
litte r in mg/one 
animal/month 
(September)

Promicromonospora 
type organisms 

characterized by 
cell-wall compo­
sition type VI

Streptom ycetes

hornbeam  litte r consumed as 100 percent

49.4 1.7 0.3 7 6 .6 ± 2 .7 Com pletely
lacking

Sporad ically
occurring
organism s

17.0 14.8 15.9 122.6 ± 7 .4 Com mon,
codom inant
organism s

R are  e lem ents 
o f the  faecal 
com m unity

* A verage body  w e igh t o f specim ens involved in  feeding experim ents 
** A verage body w eigh t o f adu lts calcu la ted  on basis o f H un g arian  d a ta

rham nose . In  th e  p resen ce  of i-inosito l, ra ffin o se  and  sucrose, th e y  did no t 
show  an y  dev e lo p m en t. I n  c o n tra s t to  th e  ty p ic a l-s tra in s  of th is  species, our 
faecal iso lates w ere u n a b le  to  u tilize  D -fructose. O nly  one S. moderatus s tra in  
(N o. Ta-A -10) o b ta in ed  from  w oodlice faeces could  u tilize  excep t sucrose all 
d iagnostic  C-sources, an d  p ro d u ced  red  spore-m ass, rec tus-flex ib ilis  ty p e  sporo- 
phores, sm oo th  spores, re d  endop igm en t in  s u b s tra te  h y p h ae  and  no m elanoid  
p ig m en ts . S im ilarly , we iso la ted  on ly  a single S . hum idus  s tra in  (Ta-A -14) 
w hich  show ed in  m a n y  resp ec ts  a s im ila rity  to  s tra in  Ta-A-1() of S. moderatus. 
These tw o species are  p e rh a p s  v e ry  closely re la te d  organ ism s. F ina lly , th e  only  
S. nodosus faecal s tra in  (Ta-A -18) p roved , as d id  m a n y  s tra in s  o f th is  species, 
to  be  D-glucose, D -xylose, i-inosito l, D -m annito l, D -fructose, an d  rh am n o se  
po sitiv e  and  L -arabinose, raffinose , sucrose, an d  m elano id  n eg a tiv e . I t  devel­
oped  grey  aeria l m yce lium , sp ira l sopophores, sm o o th  spores an d  yellow - 
brow n su b s tra te  m ycelium . These Streptomyces species are  w idely d is tr ib u te d  
soil in h a b itin g  organ ism s w hich have  n ev er been  o bserved  in  large n u m b ers  
in an im al d ropp ings. T h is fa c t, to g e th e r w ith  th e ir  observed  low' p o p u la tio n  
d en sity  in  th e  fresh  faeca l m a tte r  o f w oodlice m ak e  it  p ro b ab le  th a t  th e  
s trep to m y ce te s  do n o t be long  to  th e  re s id en t g u t b ac te ria l p o p u la tio n  of 
P . am oenus. A sim ilar s ta te m e n t w as also d ra f te d  b y  us [2] on th e  re la tio n  
b e tw een  s trep to m y ce te s  a n d  m illipedes. In  c o n tra s t  to  m illipedes in  th e  
in te s tin e  of P. am oenus, n e ith e r  s trep to m y ce tes  n o r o th e r  ac tinom ycètes can  
form  an  active , m u ltip ly in g  p o p u la tio n . The iso la ted  faecal Streptomyces s tra in s  
can  o n ly  he considered  p assiv e  su rv ivors o f th e  p assage  o f food th ro u g h  th e  
in testin e .

A d u lts  o f P . am oenus an d  Ch. projectus live a n d  feed to g e th e r in th e  
very  sam e fo rest lit te r  h a b i ta t .  F resh  faecal pelle ts o f  Cli. projectus c o n ta in in g
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p ro m ic ro m o n o sp o ra -ty p e  o rgan ism s fre q u e n tly  occur in large m asses in  th e  
p ro x im ity  o f  m oving and  feed ing  specim ens o f P. amoenus. T herefo re , th e re  
is a h igh  p ro b ab ility  of ra p id  c o n ta m in a tio n  o f th e  w oodlice and its food w ith  
cells o f p rom icrom onosporae . T he gu t co n te n t o f P . am oenus rem ains, how ever, 
co m p le te ly  free from  th is  ty p e  o f true* g u t ac tin o m y cètes .
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ETHANOL-SOLUELE SUBSTANCES 
ISOLATED FROM ESCHERICHIA COLI CULTURE 

FILTRATE INDUCE POLYMORPHONUCLEAR 
CHEMOTAXIS

M a g d a  S o l y m o s s y , Z s . N a g y , F .  A n t o n i  and L .  S z o l l á r

F irst In stitu te  o f  B iochem istry, and Institu te  o f  P athophysiology, Semmelweis U n iversity  Medical
School, B udapest

(R eceived  A pril 5, 1983)

S u b stan ces ch em o tac tic  (CT) for h u m an  PM N  w ere iso lated  from  the  c u ltu re  m ed iu m  of 
Escherichia coli 0 2  : K l grow n to  s ta tio n a ry  phase. T he e th a n o l soluble frac tio n  o f  th e  lyopliil- 
ized cu ltu re  f i ltra te , w hich co n ta in ed  th e  bu lk  of CT a c tiv ity , w as gel f iltra ted  on S e p h a d ex  G-10. 
T he 5 x 1 0 '' m olecu lar w e igh t frac tio n  show ed the  h ig h est CT activ ity . On th e  basis  o f p a rtia l 
chem ical ch a ra c te riz a tio n  the  active  CT sub stan ces p ro b a b ly  consist of g lycopeptides a n d  lip ids 
o rig in a tin g  from  th e  cell envelope.

C hem otactic  su b stan ces in d uc ing  th e  d irec ted  m igra tion  o f  leu k o cy te s  
in  th e  absence of serum , have  been iso la ted  from  th e  f iltra te s  o f a v a r ie ty  of 
b a c te ria l cu ltu re  m edia  [1—12]. T hese b ehaved  as low m olecular w eig h t (in 
th e  ran g e  o f 10--T0:î) su b stan ces. T hough  th ese  agen ts have no t been  p u rified  
to  h o m o g en e ity , som e of th e m  have been fo u n d  to  be p ro te in s , p ep tid e s , 
o r lip ids.

C onsidering th e  com plex  n a tu re  o f b a c te r ia l cells, it  is p ro b ab ly  sim p lis tic  
to  th in k  th a t  th e  c h e m o a ttra c ta n t effect is due  to  a single com pound  in  each 
case. F u rth e rm o re , it  is know n  th a t  u n d e r v a rio u s  conditions G ram -n eg a tiv e  
b a c te ria  shed  am ph iph ile  s tru c tu re s  (e.g. lipopo lysaccharides , lip o p ro te in s , 
e n te ro b a c te r ia l com m on an tigens) from  th e ir  envelope in to  the  su rro u n d in g  
m edium  d u rin g  division [13 21].

T h e  above d a ta  are co n sis ten t w ith  th e  su p p o sitio n  th a t  th e  c h e m o ta c tic  
su b stan ces derive  from  the  b a c te ria l envelope (m em b ran e  and /o r w all).

A tte m p ts  to  iso late  an d  charac terize  th e  low -m olecular w eight, c h em o ­
a t t r a c ta n t  m a te ria l p resen t in th e  cu ltu re  m ed iu m  of Escherichia coli a re  th e  
su b jec t o f  th is  rep o rt.
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Materials and methods

Iso la tion  o f  chemotaclic fa cto rs fro m  the culture m edium . E . coli 02 : K l, NCTC 9002 (k in d ly  
su p p lied  b y  D r. B. L án y i, N a tio n a l In s t i tu te  of H ygiene, B u d a p e s t)  was cu ltu red  fo r 16 h  to  
s ta tio n a ry  p h ase  in  a m in im al m ed iu m  [22]. On every  occasion , 20 litre s of cu ltu re  w as c e n tr i­
fuged  to  rem o v e  cells. T he su p e rn a ta n t  was filte red  by  p assag e  th ro u g h  a m em brane f i lte r  (0.45 
p m  p o re  size, S arto rius , G ö ttin g e n , G F R ). The f i l t r a te  w as lyophilized  (th is p re p a ra tio n  will 
be re fe rre d  to  as su p e rn a ta n t, SN ). A p a r t  o f th e  ly o ph ilized  p o w d er was e x tra c te d  tw ice  w ith  
80%  e th a n o l (24 °C, 16 h). T h e  e x tr a c t  was c o n cen tra ted  b y  r o ta ry  evap o ra tio n  (a t  m ax . 40 °C) 
an d  th e  resid u e  was d isso lved  in  d is tilled  w a ter (e th an o l e x tr a c t ,  E SN ). D esalting  and  f ra c t io n a ­
tio n  o f E S N  w as p e rfo rm ed  b y  gel f i ltra tio n  on S ep h ad ex  G-10 colum n w ith  d istilled  w a te r  as 
e lu a n t. T h e  frac tions w ere ly o p h ilized . In  chem otax is a ssay s th e  lyophilized  pow der o f  each  p re ­
p a ra t io n  w as fresh ly  d isso lved  in  G ey’s solution.

Iso la tion  o f  polym orphonuclear ( P M N )  leukocytes. H u m a n  PM N cells were o b ta in e d  by  
6%  d e x tra n  sed im en ta tio n  ( a t  37 °C for 30 m in) of h e p a rin iz e d  sam ples of venous b lood . T he 
cells o f  th e  u p p e r  lay e r w ere co llected  and  w ashed w ith  G ey’s so lu tion . R em aining red  cells w ere 
rem o v ed  b y  N H 4C1-EDTA lysis. PM N  cells were su sp en d ed  in  G ey’s so lu tion  (107 cells/m l con­
ta in in g  o v er 95%  n eu tro p h ils).

M easurem ent o f  chem otaxis. C hem otaxis was s tu d ie d  b y  th e  m ethod  of B o y d en  [23]. 
as m o d ified  b y  L ukács e t al. [24]. PM N  suspension co n ta in in g  1 .0%  bovine serum  a lb u m in  w as 
p laced  in to  th e  u p p e r c h am b er  a n d  th e  c h e m o a ttra c ta n t  w as filled  in to  th e  low er ch am b er. 
T h ey  w ere  sep a ra ted  b y  a m em b ran e  f ilte r  (3 ftm  pore d ia m e te r , S arto rium , G o ttin g en , G F R ). 
A fte r  in c u b a tio n  for 45 m in  a t  37 °C in  hum id ified  a ir  co n ta in in g  5%  CO,, th e  f i lte rs  were 
rem o v ed , fix ed , sta in ed  an d  m o u n te d  on m icroscopic slides. D u p lica te  sam ples were ru n  in  each 
case a n d  th e  d istance (in  /um) o f th e  leading fro n t of cells w as m easu red  a t  50fold m ag n ifica tio n . 
T en  ra n d o m ly  chosen fie ld s  w ere re a d  for each filte r.

A n a ly tica l methods. P ro te in , c a rb o h y d ra te  (hexose) a n d  lip id  con ten ts were m easu red  by 
s ta n d a rd  m eth o d s [25 -27]. A m ino  acid analysis of acid  h y d ro ly sa te s  was perfo rm ed  using  a 
D u r ru m  D -500 am ino acid  an a ly se r. T h in -layer c h ro m a to g ra p h y  was perform ed on  K ieselgel 
60 p re c o a te d  sheets (M erck). T he developing solvent 1 fo r  one d im ensional c h ro m a to g ra p h y  w as 
c h lo ro fo rm -m e th an o l-w a te r  (65 : 35 : 1, v /v). T he tw o  d im en sio n a l ch rom atogram  w as devel­
oped  f i r s t  in  so lven t 2 (ch lo ro fo rm -m e th an o l-w a te r-am m o n ia , 130 : 70 : 8 : 0.5, v /v ), th e n  in  th e  
second  d irec tio n  in  so lv en t 3 (ch lo ro fo rm -m ethano l-ace tic  ac id -ace tone-w ater, 100 : 20 : 20 : 40 : 
: 10, v /v ) . T he ch ro m a to g ram s w ere  v isualized  b y  io d in e  v a p o u r  and n in h y d rin  o r phospho- 
m o ly b d en ic  acid spray .

Results

Chemotactic ac tiv ity  o f  the materials fr o m  the bacterial supernatant. Cell- 
free SN  o f s ta tio n a ry  c u ltu re s  of E . coli 02 : K l co n ta in ed  75 /tg p ro te in /in l 
(av e rag e  of 5 ex p erim en ts). Since th e  f i l t ra te  d id  n o t exh ib it s ign ifican t UV- 
lig h t a b so rp tio n  a ro u n d  270 nm , cell lysis d id  n o t  occur. This m a te ria l show ed 
c h em o tac tic  a c tiv ity  fo r h u m a n  PM N.

E th a n o l e x tra c tio n  o f  th e  lyophilized  f i l t r a te  was perform ed in  o rd e r to  
rem o v e  h igh  m o lecu la r w eig h t substances, e x tra c e llu la r  p artic les a n d  sa lts . 
T h is  p rocedure  co n sid e rab ly  reduced  th e  s a lt c o n te n t  (ash in T ab le  I I ) .  In  ou r 
ex p erien ce  h igh sa lt c o n c e n tra tio n  reduced  ch em o tax is , therefo re  rem o v a l o f 
s a lts  xvas necessary . F u r th e r , we w an ted  to  ex am in e  th e  m olecu lar w eight 
d is tr ib u tio n  of th e  c h e m o ta c tic  agents. T hese  a im s w ere achieved b y  S ep h ad ex  
G -10 gel f iltra tio n  o f  th e  E S N . A fter e lu tio n  w ith  distilled w a te r th re e  m ain  
fra c tio n s  (fj—fg) w ere o b ta in e d  as show n in  F ig . 1. The m olecular w eigh t of 
th e se  peaks w ere e s tim a te d  b y  com parison  w ith  th e  elu tion  o f m ark e rs  of 
k n o w n  m olecular w e ig h t (F ig . 1 and  T ab le  I I ) .
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The ch em o tac tic  a c tiv itie s  for PM N of th e  d ifferen t p re p a ra tio n s  (SN , 
E S N , fj f.j) are  show n in T ab le  I. E th a n o l e x tra c tio n  rem oved  p ra c tic a lly  all 
CT a c tiv ity  of SN and  th e  residue  w as inac tiv e . The m ost ac tiv e  w as frac tio n  
2 o f  S ephadex  gel f i l tra tio n . D ose response curves (Fig. 2) in d ic a te d  th a t  f,

10 20 30
Number of fractions

Eig. 1. Gel f i ltra tio n  on S ephadex  G-10 ( 1 .8 x 4 8  cm ) of e th an o l e x tra c t o f th e  s u p e rn a ta n t  o f 
E. coli cu ltu re  (E S N ) co n ta in in g  3 m g p ro te in . E lu a n t: d istilled  w ater. F low  ra te  0.75 m l/m in . 
F ra c tio n  size: 3 ml. L e tte rs  in d ic a te  th e  e lu tio n  position  o f b lue  d e x tra n  (A), A C T H  (B , 3700 
m ol. w eigh t) and v ita m in  B 12 (C, 1579 m ol. w eigh t); О ------ O* OD 260 nm ; О — O ,  O D  280 nm

Table I

Effect o f various frac tions o f  E . coli extracellular substances on P M N  m igration

Chemotaxis
M aterials*

in /<g ±  SEM SD

G ey’s solution 36 ±0.31 4.07 (n  -= 87)

T o ta l lyophilized cu ltu re  f iltra te 43 ±1 .27 3.6 (n == 16)

E th an o l e x tra c t 42 ± 1.86 6.3 (n == 41)

R esidue (a fte r  e th an o l ex trac tio n ) 37 ± 0.6

Sephadex G-10
frac tion  1 37 t0 .6 2 1.2 (n 58)
frac tion  2 54 1-0.66 1.0 (n = : 57)
frac tion  3 49 ± 1 .0 3 1.3 (" 38)

* 10 //g protein/m l 
±  SEM , stan d ard  erro r 

SD, s tan d ard  dev ia tion  
n, num ber o f experim ents
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F ig . 2. E ffec t of E. coli c h e m o ta c tic  m ate ria l on h u m a n  PM N . L e tte rs  a t  th e  curves d en o te  dif­
fe re n t frac tions described in  M ethods

w as devo id  of ch em o tac tic  a c tiv ity . In  th e  c o n c e n tra tio n  range exam ined  th e  
c h e m o ta c tic  effects o f E S N  an d  SN increased , w hile o p tim u m  co n cen tra tio n s 
w ere  fo u n d  for f2 an d  f3.

Beside hum an  P M N  w e also in v estig a ted  th e  ch em o tac tic  a c tiv ity  of f2 
fo r m ouse peritoneal e x u d a te  cells w hich w ere  in d u ced  b y  casein  for 66 h. 
In  th e  presence of f„ (10 p g  pro tein /m l) th e  m ig ra tio n  increased  from  th e  
c o n tro l value of 44 p m  to  59 pm . Since f2 c o n ta in e d  55%  o f E SN  as ca lcu la ted  
fro m  F ig . 1, th is f ra c tio n  w as sub jec ted  to  fu r th e r  analysis by  ion-exchange

Table II

Characterization o f bacterial preparations

OD
260/280

ratio
Peptide carbohydrate lipid ash midecular w eigh t, % ("/»)

T o ta l lyophilized cu ltu re  f i l t r a te 1 .2 2 и 1 .3 5 4 —

E th a n o l ex trac t 1 .0 5 8 3 5 7 .5 3 1 -

S ep h ad ex  G-10
f, 1 .1 6 n.d. n .d . n.d. n.d. 1 0 4

f . 1 .0 3 1 3 6 2 7 .7 11 5  X  1 0 3

E 1 .3 6 1 4 n.d. n.d. 1 0 3

n .d ., not determ ined
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Fig. 3. D E A E -cellu lose  ch ro m a to g ra p h y  of f .. The m ate ria l (500 /щ  p ro te in ) was e lu ted  b y  a 
0 .001-0 .3  fi l in ea r g rad ien t of NaCl a t  p H  7.4

c h ro m a to g rap h y . No b in d in g  to  a cation  ex ch an g er (Cellulose P h o sp h a te , 
P -11), w as observed , w hile a m ino r p a r t  was b o u n d  to  an ion  exchanger (D E A E - 
Sephacell, F ig. 3). T here  w as, how ever, no s ig n ifican t d ifference in  CT a c tiv i ty  
betw een  th e  n e u tra l and  an ion ic  com ponen ts of f„.

CT a c tiv ity  of f, w as abo lished  by  ch lo ro fo rm -m eth an o l e x tra c tio n  b y  
th e  m e th o d  of Folch  e t al. [27]. PM N  m ig ra tion  w as n o t in fluenced  b y  th e  
e x tra c te d  lip id  substances. T he CT ac tiv ity  was a p p a re n tly  due to  a com plex  
of h y d ro p h ilic  an d  lipophilic  su b stan ces, w hich w ere n o t ac tive  in  them selves.

Since som e o f th e  ch em o tac tic  factors of b a c te r ia l orig in  are  ac tiv e  in 
th e  p resence  o f serum  only , we te s te d  th e  effect o f  b o th  n a tiv e  and  h e a t (56 °C, 
30 m in) in a c tiv a te d  sera. A d d itio n  of 10%  serum  abolished  th e  ch em o tac tic  
a c tiv ity  o f th e  p re p a ra tio n s , even  if  serum  was p re se n t only  in th e  u p p e r or 
low er c o m p a rtm e n ts . Since p re in c u b a tio n  of f2 w ith  h u m a n  IgG  (1 m g/m l) d id  
n o t affect th e  CT a c tiv ity , th e  in a c tiv a tin g  effect o f serum  w as n o t due  to  
b in d in g  to  IgG .

H e a t (80 °C, 45 m in) tr e a tm e n t of th e  p re p a ra tio n s  did n o t decrease 
th e ir  ch em o tac tic  a c tiv ity . W hen  s to red  a t 4 °C, th e  aqueous so lu tions o f th e  
p re p a ra tio n s  rem ained  ac tiv e  for several m on ths.

Chemical characterization o f  the preparations. T he p rep a ra tio n s  did n o t 
ex h ib it ch a ra c te ris tic  lig h t a b so rp tio n  betw een 2 2 0-700  nm . We in v es tig a ted  
th e  p e p tid e , c a rb o h y d ra te  (hexose), lip id  an d  ash  (salt) co n ten ts  (T able I I ) .
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T h e  pu rifica tion  p ro c e d u re  yield ing f 2 decreased  th e  sa lt, an d  increased 
th e  p e p tid e  and hexose, c o n te n t. C orrespond ing ly , chem otac tic  a c tiv ity  was 
th e  h ig h e s t in f2 (cf. T ab le  I).

T h e  peptides w ere in v e s tig a te d  b y  am ino  acid  analysis; th e  re su lts  are  
sh o w n  in  Table I I I .  Six am in o  acids were d e tec ted  in E SN  w hich w ere unev en ly  
d is t r ib u te d  in the  gel f i l t r a t io n  frac tions.

F i g .  4 .  T h in -lay er ch ro m a to g ra p h y  of E .  co li c h em o tac tic  m ate ria l. D evelopm en t: io d in e  vapour
(sh a d ed ) and  n in h y d rin  (open areas)

Table III

A m i n o  a c id  c o m p o s it io n  o f  b a c te r ia l p r e p a r a t io n s .  R e la tiv e  m o la r  a m o u n ts  ( A l a :  1 .0 0 )

Amino acid
Ethanol Sephadex G-10

extraction
f. h

Ser traces 0.0 0.62

Glu 0.82 0.64 0.0

Gly 0.17 0.0 0.38

Ala 1.00 1.00 1.00

Yal 0.42 0.26 0.0

Lys 0.44 0.58 0.0
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T hin -layer c h ro m a to g ra m  o f th e  p re p a ra tio n s  is show n in Fig. 4. T h e  
various p rep a ra tio n s  w ere an a lysed  by  one d im en sio n a l ch ro m ato g rap h y . T h e  
best reso lu tion  w as o b ta in e d  using  a so lven t sy s te m  generally  applied  fo r th e  
analysis  of lip ids. A fte r developing  by  iod ine v a p o u r  an d  n in h y d rin  severa l

front

m
cо
Ïk.
Q

i ’tg. 5. Two dim ensional th in - la y e r  ch ro m a to g ram  of to ta l  lip id s  o f f 2. D evelopm ent was f irs t 
in the  ho rizo n ta l d irec tion  in so lv en t 2 ch lo ro fo rm -m eth an o l-w a te r-am m o n ia  (130 : 70 : 8 : 0.5 
v /v ), th en  in the  v e rtica l d irec tio n  in  so lv en t 3 ch lo ro fo rm -m eth an o l-ace tic  ac id -ace to n e-w ate r 
(100 : 20 : 20 : 40 : 10, v /v ). A p p ro x im ate ly  1 mg of lip id  w as ap p lied  a t  the  origin. All sp o ts  
were v isualized  b y  id in e -v ap o u r an d  phosphom olybden ic  ac id ; n in h y d rin  positive sp o ts  a re  
shaded . T he spo ts are n e u tra l  lip id  (N L ), card io lip in  (CL), p h o sp h a tid ic  acid (PA ), p h o sp h a tid y l-  
e th an o lam in e  (P E ), p h o sp h a tid y lg ly ce ro l (PG ), p h o sp h a tid y lse rin e  (PS ), lysophosphatide  m a te ­

ria l (L  — X ), d e r iv a tiv e  o f PG  (PG -Z). Spot Y  h a s  n o t been  identified

spo ts w ere found  in th e  p re p a ra tio n s  (Fig. 4). T he lip id  com ponen ts of f 2 w ere 
e x tra c te d  by  th e  m e th o d  o f F o lch  e t al. [27], th e n  su b je c te d  to  tw o d im ensiona l 
th in  lay e r c h ro m a to g ra p h y . As show n in  Fig. 5, n in e  spo ts were d e tec ted . 
B y th e  use of lip id  s ta n d a rd s  8 substances w ere id e n tif ie d , including  n e u tra l  
lip ids, phospholip ids an d  th e ir  deriv a tiv es  (see legends to  Fig. 5).

M aterials gained fro m  ivliole E . coli cells. A tte m p ts  w ere m ade to  iso la te  
th e  CT active  sub stan ces d ire c tly  from  w hole b a c te r ia , from  w hich a g re a te r  
y ield  could be expec ted . Tw o m eth o d s were used.

W hen  L PS  was p re p a re d  from  w ashed s ta t io n a ry  E . coli cells b y  h e a t-  
t re a tm e n t (100 °C, one h o u r  [28]), th e  re su ltin g  m a te r ia l  itse lf  did n o t ex h ib it 
CT a c tiv ity , th o u g h  i t  w as effective in  th e  p resen ce  o f 10%  serum  (d a ta  n o t
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sh o w n ). S im ilarly , com m ercia lly  av a ilab le  L P S  (Difco) ex h ib ited  CT a c tiv ity  
in  th e  presence of se rum  on ly , in  ag reem en t w ith  earlier o b se rv a tio n s  [28].

A ccord ing  to  th e  o th e r  m eth o d  E . coli cells were tre a te d  w ith  8 0 %  e th an o l 
(24 °C , 16 h), since th e  m a jo r ity  of CT a c tiv i ty  o f SN was so luble  in  e th an o l, 
b u t  th e  ethano lic  s u p e rn a ta n t  o f th e  cells d id  n o t show CT a c tiv ity .

D iscussion

B ac te ria l su p e rn a ta n ts  are know n to  co n ta in  CT fac to rs in e x tre m e lv  low 
c o n c e n tra tio n  [3, 6, 1 0 -1 2 ]. Iso la tio n  o f  CT m ateria l from  la rg e  vo lum es of 
E . coli cu ltu re  m ed ium  (up  to  140 litres) w as possible by  e th an o l (8 0 % ) e x tra c ­
t io n  o f  lyophilized  m ed iu m . This p ro ced u re  is less tim e consum ing  an d  m ore 
e ffe c tiv e  th a n  earlier m e th o d s  [3, 6, 8]. T h e  presence of h igh  a m o u n ts  o f salts 
a n d  U V -ahsorb ing  m a te r ia ls  (nucleo tides, t ry p to p h a n , p ig m en ts , e tc ., excre ted  
b y  th e  b ac te ria  du ring  g row th) caused d ifficu lties in  th e  iso la tion  o f low  m olec­
u la r  w eigh t CT su b stan ces . F ra c tio n a tio n  o f th e  low m olecular w e ig h t m a te ria l 
o b ta in e d  by  e th an o l e x tra c tio n  w as p e rfo rm ed  by  gel f i l t ra t io n  app ly in g  
S e p h a d e x  G-10. This p ro v ed  useful since m o st of th e  CT a c tiv i ty  could  be 
re c o v e re d  in a fra c tio n  (f2) o f low sa lt co n cen tra tio n . A ltho u g h  th is  frac tio n  
c o n ta in e d  ab o u t 5 0%  o f th e  UV ab so rb in g  m ate ria l p resen t in  th e  e th an o l 
e x t r a c t ,  th e  ra tio  o f 260/280 nm  a b so rp tio n  (1.03) was low in  f 2.

W here do th e  CT sub stan ces com e f ro m ?  As regards th e  orig in  of b a c ­
te r ia l  CT substances sev era l suggestions h av e  been pub lished . A ccord ing  to  
B e n n e t t  e t al. [29], b a c te r ia l CT m ay  co rresp o n d  to  the  signal p e p tid e s  derived  
f ro m  b ac te ria l m e m b ra n e  p ro te in s  a n d  sec re to ry  p ro te in s w hich  could be 
re le a se d  in to  th e  m ed iu m . S ch iffm ann  e t al. [30] considered  th e  form yl- 
m e th io n y l-p ep tid e s , w h ich  a re  fo rm ed  d u rin g  p ro te in  syn th esis , to  be  chem o- 
ta x in s .  R ussel e t al. [3] suggested  th a t  lip id -lik e  CT m a te ria l is loosely  a tta c h e d  
to  th e  b ac te ria l su rface  a n d  is re leased  d u rin g  grow th. The com po sitio n  of th is 
su b s ta n c e  has n o t b een  e lu c id a ted  [31].

N orm ally  g row ing  b a c te ria  re lease  o u te r  m em brane fra g m e n ts  [32] of 
v a r ia b le  com position . T h ey  co n ta in  6 0 -9 0 %  lipopo lysaccharide  a n d  5 -2 6 %  
p h o sp h o lip id  b y  w eig h t, w hile th e ir  p h o sp h o lip id /p ro te in  ra tio  v a rie s  betw een  
1—2.5 [15, 16, 18-20, 33, 34]. T he c a rb o h y d ra te , lipid and  am ino  ac id  bu ild ing  
b lo c k s  have been id en tif ied . This is a p o p u la tio n  of c h a ra c te r is tic a lly  high- 
m o lecu la r  w eight m olecules (up to  5 X 107, depend ing  on th e  m e th o d  of iso la­
tio n ) . T heir release is due  to  im p erfec t co o rd in a tio n  betw een  o u te r  m em brane  
a sse m b ly  and  lin k ag e  to  th e  u n d e rly in g  p ep tidog lycan  lay e r. T h is ty p e  of 
b a c te r ia l  m ateria l w as, how ever, a b se n t from  th e  CT sub stan ces iso la ted  by  us, 
s in ce  e thano l did n o t e x tra c t  h ig h -m o lecu la r w eight com plexes. T he residue 
o f  lyoph ilized  SN a f te r  e th a n o l e x tra c tio n  (con ta in ing  e th an o l in so lu b le  m acro ­
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m olecules) Mas n o t ac tiv e , M’hich seem s to  ru le  o u t th e  CT p ro p e r ty  o f  la rge  
o u te r  m em b ran e  frag m en ts . F u r th e r , o u te r m em b ran e  com ponen ts (m ostly  
L PS) released  by  h e a t- tre a tm e n t w ere no t ch em o tac tic  in  them selves.

T he CT m ateria l iso la ted  b y  us proved  to  be chem ically  co m plex . I ts  
q u a lita tiv e  com position  (U Y -ah so rp tio n , c a rb o h y d ra te , am ino acid a n d  lip id  
com position) ind ica tes t h a t  th e  CT m ateria ls  o rig in a te  from  th e  b a c te r ia l  
envelope. A m phiphile s tru c tu re s  can he released from  th e  Mall and  th e  o u te r  
m em b ran e , and  th e y  form  L P S -p h o sp h o lip id -p ro te in  com plexes in  th e  e n v iro n ­
m en t o f th e  b ac te ria  [32]. T h u s , th e  CT su b stan ces are  considered to  be com ­
plexes of th is  k ind . T herefo re, th e y  are p ro b ab ly  ex trace llu la r  p ro d u c ts  w hich  
M ere ex cre ted  b y  th e  b a c te ria . T h ere  is a p o ssib ility  th a t  th e y  are  tra n s fo rm e d  
in  th e  m edium .

W hich  com ponents o f th e  com plex o rig in a te  from  th e  w all?  T h e  am ino  
acid  com position  of E SN  (T able I I I )  closely resem b led  th a t  of p e p tid o g ly can  
[35]. Iod ine- and  n in h y d rin -p o sitiv e  spots of th e  TLC ch ro m ato g ram  m a y  be 
id en tica l Mrith  am ino-sugar in te rm e d ia te s  and  am ino  acids. F u rth e r , s ta t io n a ry  
b a c te ria  have  been show n to  c o n ta in  low -m olecular w eight cell Mall p re c u rso r 
com pounds w hich are  fo rm ed  d u rin g  w all sy n th esis  [36]. These d a ta  suggest 
th a t  th e  CT m ate ria l co n ta in s  pep tid o g ly can s o rig in a tin g  from  th e  w all. I t  w as, 
how ever, shoM'n earlier th a t  th e  CT a c tiv ity  of p ep tid o g ly can s m an ifests  itse lf  
exclusively  in th e  presence o f se ru m  (due to  th e  a c tiv a tin g  effect o f th e  f if th  
co m p o n en t of com plem en t). T h e  size of effective Avail-fragments h as  been 
fo u n d  to  have a m olecular w eig h t of a round  3000. H ow ever, w ith o u t serum  
th e  te tra sa c ch a rid e -p e p tid e  fra g m e n t inh ib ited  leu k o cy te  m ig ra tion  w hile  b o th  
th e  p e p tid e  and  te tra sa c c h a rid e  w ere ineffective [37 40].

T he o u te r m em brane  m ay  be th e  source o f th e  o th e r  com ponen ts d e te c te d  
in  th e  CT m ateria l. P h o sp h o lip id s  and  n e u tra l fa t  id en tified  by  TLC (F ig . 5) 
co rrespond  to  o u te r m em b ran e  lip id  of E . coli [41, 42].

In  conclusion, it is log ical to  suppose th a t  h igh  m olecular w eig h t co m ­
plexes a re  shed from  th e  cell envelope. They are  tran sfo rm ed  in th e  c u ltu re  
m ed ium , re su ltin g  in low m o lecu la r w eight CT su b stan ces. The ex ac t m echan ism  
o f th e  release and  th e  n a tu re  o f th ese  tran sfo rm a tio n s  aMraits e lu c ida tion .
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EFFECT OF ZINC ON THE LOCAL 
SHWARTZMAN PHENOMENON

T. S z i l á g y i , H e d v i g  C s e r n y á n s z k y , Z. N a g y  and  L. M ó d i s

Institu te  o f Pathophysiology , Central Research Laboratory , and Institu te  o f  A n a to m y , U niversity
M edical School, Debrecen

(R eceived  M ay 13, 1983)

Local S h w artzm an  reac tio n  is su b s ta n tia lly  red u ced  in  in te n sity  by  zinc ad m in is te re d  
locally  before and a fte r  p re p a ra tio n  of th e  reac tion . T h e  endo tox in -induced  a cc u m u la tio n  of 
PM N  leukocy tes is in h ib ited  by  zinc ru b b ed  in th e  skin.

W e have  rep o rted  re c e n tly  [1J th a t  th e  release of p ro co ag u lan t tissue  
fac to r  from  PM N leukocy tes is considerab ly  reduced  hy  zinc in en d o to x in - 
p re tre a te d  ra b b its  and  th a t  th is  in h ib ito ry  ac tio n  is dose-dependen t. In  earlie r 
in v es tig a tio n s  we [2, 3] fo u n d  th a t PMN leu k o cy tes  h ad  a decisive ro le  in  th e  
local S h w artzm an  phenom enon . I t  seem ed th e re fo re  ju s tif ied  to  ex am in e  th e  
effect o f zinc on th e  d ev e lo p m en t o f th is  phenom enon .

M aterials and m ethods

A n im a ls . Male NZ alb ino  ra b b its  o f 2300 to 2500 g bo d y  w eight were used. T h e  b a ck  of 
th e  an im als was dep ila ted  24 h  before  th e  ex p erim en t.

E ndotoxin . B acto  L P S  Escherichia coli 0111 : B4 w as used.
Preparatory injection. E n d o to x in  (125 fig) w as in jec ted  in trad erm a lly  in to  b o th  sides 

o f th e  back .
Challenge. E n d o to x in  (125 /ig /k g ) was in jec ted  in trav en o u s ly  24 h  a fte r the  in tra d e rm a l 

in jec tion . T he reac tio n s were read  on th e  in n er surface of th e  s trip p ed -o ff skin a fte r  a n o th e r  24 h.
Z n S O A treatment. An o in tm e n t co n ta in in g  0.2 g ZnSO,, in non-ionic em o llien t c ream  as 

vehicle w as applied  p e rcu tan eo u sly  on th e  rig h t side o f th e  b ack . E ach  ra b b it  was t r e a te d  w ith  
zinc in  four tim es, v iz ., ra b b its  Nos. 1 -5  6 and  3 h before an d  3 and 6 h a fte r  in tra v e n o u s  c h a l­
lenge an d  ra b b its  Nos. 6 -10 , 6 an d  3 h  before and  3 an d  6 h  a fte r  the  in tra d e rm a l in je c tio n  of 
endo tox in .

D eterm ination o f  Z n  in  cutaneous sam ples. T he sk in  o f th e  back  of ra b b its  Nos. 11-13 
w as ru b b ed  in w ith  the  o in tm en t co n ta in in g  zinc on th e  one side and  w ith  the  veh ic le  devo id  
of zinc on th e  o th e r side. Six hours la te r , the  trea te d  sk in  surfaces were d e fa tted  w ith  z inc-free 
alcohol and  sam ples o f 200-300 m g w ere tak en , each in  a n  in c in e ra tin g  dish  w hich h a d  been
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r in sed  consecu tive ly  w ith  a  2%  so lu tio n  of de tergen t D E C O N  90, N HC1 so lu tion  an d  de-ionized  
w a te r  a n d  d ried  a t  125 °C fo r 24 h . T h en  th e  dishes w ere k e p t  in  an  e lectric  fu rnace  a t  600 °C 
fo r 6 -8  h . T h e  ash was d issolved in  20 /d  of a m ix tu re  o f e q u a l v o lum es of pu re  n itric  acid  (M erck) 
a n d  de-ion ized  w a te r and  d ilu te d  to  2 ml b y  adding d e -ion ized  w ater. The zinc c o n te n t o f  th e  
so lu tio n s w as assayed in  a n  a to m -ab so rp tio n  sp e c tro p h o to m e te r Zeiss A A SI a t  213.9 nm  w ave­
len g th .

Histological method. S am p les fro m  cutaneous a reas p re tre a te d  w ith  en d o to x in  or en d o ­
to x in  a n d  zinc were sta in ed  acco rd in g  to M asson-G oldner.

R esu lts and discussion

T h e  m acroscopic o b se rv a tio n s  are p re se n te d  in  T able I. I t  is c lear th a t  
th e  zinc ru b b e d  in  on th e  d a y  o f challenge d id  n o t  in fluence  th e  S h w artzm an  
re a c tio n . O n th e  o th e r h a n d , th e  h aem orrhag ic  a re a  w as considerab ly  red u ced  
a n d  necrosis was p ra c tic a lly  p rev en ted  b y  zinc ad m in is te red  before an d  a f te r  
th e  p re p a ra to ry  in jec tio n .

Table I

E ffect o f  z in c  on local Shwartzm an phenom enon

R ab b it No.

Local Shw artzm an reaction  w ithout 
zinc treatm ent m axim um /m inim um  

diam eters of

Zinc treatm ent before and  after
M axunum/minimum diam eter 
of haemorrhagic necrosis on the 

zinc-treated side
challenge prepara tion

haemorrhage necrosis w ith endotoxin

l 19/16 10/6 + _ 18/16 10/6
2 20/15 9/6 + — 21/15 9/6
3 16/12 8/4 + — 14/12 8/4
4 17/12 8/4 + — 15/13 7/4
5 16/14 7/5 + — 16/12 7/5

6 15/10 6/4 — + 8/3 0
7 20/17 12/8 — + 12/8 3/2
8 17/14 10/6 — + 6/4 0
9 18/14 12/8 — + 6/4 0

10 18/14 10/6 — + 6/4 0

Table II

Z in c  concentration (pg/g) in  rabbit sk in  samples

Rabbit No
U ntreated area Zinc-treated area

a b a b

и 274 88.5 528 170

12 307 99 686 221

13 310 100 899 290

M eans 299 95.8 704 227

a =  calculated  fo r sk in  sam ples dried a t 125 °C 
b =  calculated  fo r fresh  sam ples
M ean d ry  co n ten t w as 32 .3 %  in freshly m easu red  sam ples; m ean w a ter c o n ten t, 67.7%
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T he histo logical p ic tu res  (F igs 1 an d  2) show th a t  th e  a c c u m u la tio n  of 
leukocy tes was m uch  m ore in ten se  in th e  u n tre a te d  area th a n  in  th e  areas 
tre a te d  w ith  zinc before and  a f te r  th e  p re p a ra to ry  dose of e n d o to x in .

F ig. 1. C utaneous section . M asson-G oldner trich ro m e X 140. T rea tm en t w ith  z inc-free o in t­
m e n t before  and a fte r  th e  p re p a ra to ry  en d o to x in  in jec tion . In tensive  leu k o c y te  in filtra tio n

F ig . 2. C utaneous section . M asson-G oldner tr ich ro m e  X 140. T rea tm e n t w ith  o in tm e n t con­
ta in in g  zinc before and  a f te r  th e  p re p a ra to ry  e n d o to x in  in jection . Slight le u k o c y tic  in fil tra tio n
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T h e zinc con ten ts o f th e  cu taneous sam ples a re  p resen ted  in  T ab le  I I .  
T he zinc level increased to  its  d o u b le  or more in  th e  t r e a te d  areas as com pared  
to  th e  u n tre a te d  areas.

In  th e  course of th e  S h w a rtz m a n  reaction  th e  p re p a ra tiv e  dose of en d o ­
to x in  d riv es  PM N  leu k o cy tes  to g e th e r , and th e  e n d o to x in  given su b seq u en tly  
in tra v e n o u s ly  liberates ly so so m a l enzym es from  th e  leu k o cy te s . C onsequen tly , 
a th ro m b o h aem o rrh ag ic  re a c tio n  develops [4]. A cco rd in g  to  our resu lts , zinc 
t r e a tm e n t  fails to  in fluence  th e  m echanism  of in d u c tio n , while p e rcu tan eo u s 
zinc t r e a tm e n t  is successful in  th e  p rep a ra to ry  p h a se , v iz ., th e  accu m u la tio n  
o f  P M N  leukocy tes i.e ., th e  ch em o tax is  due to  th e  e n d o to x in  is considerab ly  
in h ib ite d  b y  zinc. C hvapil e t a l. [5] repo rted  th a t  in  th e ir  in  vivo ex perim en ts 
th e  c h e m o tac tic  stim ulus w as s tro n g ly  inh ib ited  b y  zinc. I t  deserves a t te n tio n  
t h a t  in  th e  z in c -trea ted  a re a s  o f  our rab b its  th e  h aem o rrh ag e  was in h ib ite d  
o n ly  p a r tia lly  while necrosis w as p rac tica lly  a b se n t. T h is agrees well w ith  th e  
fa c t [1] th a t  in  case o f  a s lig h t accum ulation  o f P M N  leukocytes th e  release 
o f p ro c o a g u la n t fac to r is in h ib ite d  by  zinc.
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PROPHAGE INDUCTION BY LIVER 
MICROSOMAL METABOLITES OF AFLATOXIN Bl 

IN LYSOGENIC PSEUDOMONAS AERUGINOSA

I. R. P a t e l  and K .  K .  R ao

M icrobiology D ivision , D epartm ent o f  Pharmacy, F a cu lty  o f  Technology and E n g in eer in g , 
M . S . U niversity o f  Baroda, Baroda, In d ia

(R eceived Ju n e  13, 1983)

M icrosom al m e ta b o lite s  o f  a fla to x in  B l (A F B 1 ) causing  induction  of p ro p h ag e  in  ly so ­
genic s tra in  o f Pseudom onas aeruginosa  SM was s tu d ied . R ed u ctio n  of cu ltu re  tu r b id i ty  was 
d e te rm in ed  a t  v a rio u s c o n ce n tra tio n s  o f to x in . The e ffe c t o f th e  tox in  was also s tu d ie d  o n  deo­
xyrib o n u cle ic  acid  (D N A ), ribonucleic  acid (R N A ) a n d  p ro te in  synthesis. AFB1 a t  th e  co n cen ­
tra t io n  o f 50 p g /m l red u ced  in itia l tu rb id ity  to  a p p ro x im a te ly  90%  in 4 h. D N A  sy n th e sis  
sto p p ed  com p le te ly  in  th e  f ir s t  h o u r b u t  reap p eared  d u e  to  in d u ctio n  of the te m p e ra te  phage. 
Soon a f te r  in d u c tio n  b o th  R N A  and  p ro te in  sy n th esis c o n tin u e d  b u t la te r little  o r no  n e t  sy n ­
thesis o f these  m acrom olecu les occurred . P laq u e  fo rm in g  u n its  (pfu) were increased  a p p ro x i­
m a te ly  90 tim es a t  2 h as co m p ared  to  the con tro l. T es tin g  of th e  effect o f A FB 1 on  th e  non- 
lysogenic, sensitive  s tra in  d e m o n s tra ted  th a t  a lth o u g h  th e re  w as no significant d ecrease  in  cu l­
tu re  tu rb id i ty  a t  50 /fg/m l co n ce n tra tio n  of A F B 1, D N A  sy n th esis  stopped co m p le te ly  w ith in  
1 h , w hile R N A  an d  p ro te in  sy n th esis were increasing  th ro u g h o u t the  te s t in te rv a l. I t  h a s  been 
concluded  th a t  th e  liv e r m icrosom al frac tio n  of A FB 1 cau sed  in d u ctio n  of p ro phage  in  lysogen ic  
cells an d  in h ib ited  D N A  sy n th esis sig n ifican tly  in non -ly so g en ic  cells.

M ost Pseudom onas  s tra in s  are know n to  h a rb o u r a v a r ie ty  o f  la te n t  
p a rtic le s  ran g in g  in  co m p lex ity  from  te m p e ra te  phages [1, 2] to pyoc in  [3 -5 ].

S evera l physica l an d  chem ical agen ts in d u c e  bacteriophage d ev e lo p m e n t 
in  lysogenic b ac te ria . T he in d u c tio n  ab ility  a t t r ib u te d  to  a p a rtic u la r  su b s ta n c e  
has been  re la te d  to  carcinogen ic, ca rc in o sta tic , or m utagen ic  p ro p ertie s  o f  th e  
ag en t [6, 7]. A fla to x in  (AFB1) has been re g a rd e d  as th e  m ost p o te n t h e p a to -  
carcinogen , a pow erfu l m u tag en  and  also a te ra to g e n  [8, 9]. Several re p o r ts  
h av e  described  p rocedures invo lv ing  p ro d u c tio n  o f infective phage fro m  ly so ­
genic b a c te r ia  as a screening  m echanism  fo r co m pounds th a t  cause tu m o u rs  
or m u ta tio n , or are tu m o u ric id a l [10-12]. A FB 1 has been show n to  in d u ce  
phage p ro d u c tio n  in  lysogenic b ac te ria  [13, 14]. T he p resen t w ork d esc rib ed  
th e  effect o f r a t  liver m icrosom al m e tab o lite  o f  AFB1 on lysogenic a n d  no n - 
lysogenic P . aeruginosa , an d  especially  D N A , R N A  an d  p ro te in  sy n th e s is  in 
b o th  system s.
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M aterials and  m eth o d s

B acteria l strains. T he lysogenic  s tra in  o f P. aeruginosa  SM was ob tained  from  D r. S h rin i- 
w as, A I1M S, New Delhi, In d ia ;  an d  th e  in d ica to r P . aeruginosa  PA 01  was a k in d  g if t  fro m  
D r. B . W . H ollow ay, M onash U n iv e rs ity , C layton, V ic to r ia , A ustra lia .

C ulture media. Basic m ed iu m  was try p tic  soy  b ro th  (TSB , Difco). P la tes  a n d  o v erlay s 
c o n ta in e d  1.5 and  0.7%  (w /v) ag ar, respectively .

Chemicals. A fla tox in  B l  (S igm a Chemical Co., U S A ), N A D P  (Sigm a C hem ical Co., U SA ), 
g lucose-6-p h o sp h a te  (Sigm a C hem ical Co., USA), d im e th y l sulfoxide (S arabhai M. C hem icals, 
In d ia )  a n d  m agnesium  ch loride  (S a rab h a i M. C hem icals, In d ia ) .

L iver  homogenate fra c tio n  and  the metabolizing m ix tu re . R a t  liver hom ogenate  f ra c tio n  S-9 
(A F B 1 ) p re p a re d  by th e  m eth o d  o f G arner e t al. [15] w as o b ta in e d  from  Dr. J .  K . B uch , D e p a r t ­
m e n t o f  M icrobiology, M. S. U n iv e rs ity  of B aroda, B a ro d a , In d ia . The m etabolizing  m ix tu re  of 
th e  c a rc in o g en  consisted of 1 vo lu m e of the  p o s t-m ito c h o n d ria l  frac tion  and  6 v o lu m es of 
N A D P H  gen era tin g  system  co n sis tin g  of 150 m u  p h o sp h a te  b u ffer pH  7.5, 3 т м  N A D P , 10 т м  
g lucose  6-p h o sp h a te  and 12 т м  MgCl.,, sterilized by  f i l t r a tio n  and  stored  a t 4 °C. T he f in a l con­
c e n tr a t io n  o f AFB1 in th e  above  m etabolizing  m ix tu re  ra n g ed  from  1-50 f t g/m l an d  w as dis­
so lved  in  d im eth y l sulfoxide (DM SO). AFB1 m ean s liv e r  m icrosom al m etab o lite  o f  A FB 1 
th ro u g h o u t th e  tex t.

T u rb id ity  determ ination. D ifferen t co n cen tra tio n s o f  A F B 1 dissolved in DM SO c o n ta in in g  
N A D P H  gen era tin g  system  w as ad d ed  to 50 m l o f  th e  ex p o n en tia lly  growing b a c te r ia  5 X 108 
cells/m l (L ysogenic as well as non-lysogenic). T he f la sk s  w ere in cubated  a t  37 °C on  a  ro ta ry  
sh a k e r  (150 r.p .m .). G row th w as m easu red  a t  550 n m  a t  v a rio u s in tervals.

In d u c tio n  o f lysis. P la q u e  form ing  u n its  (p fu ) w ere  d e te rm in ed  a t 2 h  and  3 h  a f te r  in d u c ­
t io n  w ith  A F B 1. Cellular co m p o n en ts  were cleared b y  c en trifu g a tio n . 0.1 ml of a p p ro p ria te ly  
d ilu te d  su p e rn a ta n t was ad d ed  to  0.9 ml of in d ic a to r  b a c te r ia  (5 X 10s cells/m l) fo llow ed  by 
in c u b a tio n  a t  37 °C for 30 m in  a n d  subsequen tly  p la te d  on  T S B  ag ar p lates. T he n u m b e r  o f  pfu 
w ere  d e te rm in e d  afte r 18 h  in c u b a tio n  a t  37 °C.

D N A ,  R N A  and p ro te in  determ inations. T he D N A  o f th e  cells was de te rm in ed  b y  a com ­
b in a t io n  o f D N A  e x tra c tio n  as described  b y  Sek iguchi a n d  T ak ag i [16] and th e  d ip h en y lam in e  
re a c tio n  described  b y  B u r to n  [17].

K N A  was de te rm in ed  u s in g  the  p rocedure  o f  M e jb au m  [18]. P ro te in  w as d e te rm in e d  
u s in g  th e  Fo lin -pheno l m eth o d  of L ow ry e t al. [19].

T h e  am oun ts o f D N A , R N A  and  p ro te in  w ere  c a lcu la te d  from  s ta n d a rd  cu rves.

R esults

A F B 1  induced lysis o f  th e  lysogenic P . aeruginosa SM, as sh o w n  by  
tu r b id i ty  v a ria tio n  o f th e  g row th  m edium  c o n ta in in g  various levels o f  A FB 1 
an d  N A D P H  genera tin g  sy s tem  (Fig. 1).

A t 25 lug8ml o f A FB 1 a decrease o f  a p p ro x im a te ly  70%  was o b serv ed  
b u t  a d ra m a tic  decrease in  tu rb id ity  o ccu rred  on ly  a t 50 pg/m l c o n c e n tra tio n  
o f  A F B 1 . A t th is c o n c e n tra tio n  th e  g ro w th  o f  lysogenic b ac te ria  w as in h ib ite d  
to  a p p ro x im a te ly  90 %  a f te r  4 h exposure.

T u rb id ity  curves in d ic a te d  th a t  b a c te r ia l  lysis in  the  presence o f  AFB1 
ca u se d  in d u c tio n  of p h ag e  developm ent in  th e  lysogenic s tra in . T h is  was 
e x a m in e d  by  p la tin g  th e  su p e rn a ta n ts  o f  2 a n d  3 h  cu ltures o f th e  in d ic a to r  
s t r a in  (T able I). T he b a c te r ia l ly sa te  o b ta in e d  a f te r  2h exposure to  10 pg/m l 
c o n ta in e d  5 4 x 1 0 °  p fu /m l, as com pared  to  5 x 1 0 °  infectious cen tre s  in  th e  
c o n tro l. A lthough g ro w th  d e te rm in a tio n  (F ig . 1) of the  lysogenic s tr a in  in 
10 p g /m l of AFB1 d isp lay ed  no red u c tio n  as com pared  to  the  in it ia l  level, 
p la q u e  coun t show ed a to x in -in d u ced  re le a se  o f plaque form ing u n its  from
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Fig. 1. T u rb id o m e tric  d e te rm in a tio n  o f the  effect of a fla to x in  B1 on  th e  develo p m en t o f a lyso­
genic s tra in  o f P. aeruginosa  SM

lysogenic b ac te ria . In c u b a tio n  for 2 h in  50 /tg /m l o f  A FB 1 increased  th e  y ield  
o f in fec tious cen tres 90 tim es, w hereas a 3 h c u ltu re  a t  th e  sam e co n cen tra tio n  
of to x in  increased  th e  p laq u e  form ing  u n its  a b o u t 120 tim es.

T lic effect o f A FB 1 on th e  non-lysogenic in d ic a to r  s tra in  P. aeruginosa  
P A O l is p re sen ted  in  Fig. 2. A lthough  10 fig /m l o f A FB 1 m odified th e  g row th  
only  slig h tly , 25 an d  50 fig o f to x in  p er m l in h ib ite d  developm ent to  a b o u t 50 
an d  70% , respec tive ly , a f te r  4 h  of in cu b a tio n . N o p laq u e  fo rm ing  u n it  w as 
o b serv ed  in  th e  su p e rn a ta n t o f cells w hen grow n even  in  th e  presence of 50 fig 
o f A FB 1 p er ml.

T he effect of A FB 1 on D N A , R N A  an d  p ro te in  syn thesis in  lysogenic 
an d  in non-lysogenic b a c te ria  a re  p resen ted  in  T ab le  I I .  A fter a d d itio n  of 
A FB 1 a t  a co n cen tra tio n  of 50 /rg/m l, th e  sy n th esis  o f h ost D N A  w as in h ib ite d

Table I

A fla to x in  B l  (Liver microsomal fraction) induction o f  plaque form ing  units in
P . aeruginosa S M

Aflatoxin B l Pluque forming units/m l
/ig/ml

2 h 3 h

0 5 . 0 x 1 0 “ l x i o 7
1 5 . 2 x 1 0 “ l x i o 7

5 10. 0 X 1 0 “ 3 . 0  X l O 7

10 5 4 . 0  X 1 0 “ 1 5  X  1 0 7

2 5 3 0 . 0 x 1 0 “ 7 4  X l O 7

5 0 4 5 0  X  1 0 “ 1 2 0  X l O 7
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F ig . 2. T u rb id o m e tric  d e te rm in a tio n  of th e  effect o f a f la to x in  B1 on dev elo p m en t o f th e  in d i­
c a to r  s tra in  P . aeruginosa  P A O l

c o m p le te ly  for a period  o f 1 h , w hich  w as th e n  follow ed b y  a su d d en  rise  in 
th e  ly so g en ic  bac te ria , w hile in  th e  non-lysogenic  in d ica to r b a c te r ia  D N A  
sy n th e s is  w as inh ib ited  co m p le te ly  in  th e  f ir s t  ho u r an d  failed  to  re a p p e a r  
th e re a f te r .  In  co n tra s t, a f te r  th e  ad d itio n  o f A F B 1 n e ith e r R N A  n o r p ro te in  
sy n th e s is  w as m arked ly  a ffec ted  u n til  90 m in  an d  120 m in, re sp ec tiv e ly , and  
a f te r  t h a t  tim e  th e y  re m a in e d  a t  a c o n s ta n t level. On th e  o th e r h a n d  in  non- 
ly so g en ic  b ac te ria  R N A  an d  p ro te in  syn thesis  co n tin u ed  to  increase th ro u g h o u t 
th e  t e s t  in te rv a l (Table I I ) .

Table II

E ffect o f  A fla to x in  B l  (Liver microsomal frac tion ) on D N A , R N A  and protein synthesis in  lysogenic
P. aeruginosa S M  and nonlysogenic P. aeruginosa P A O l

Tim e, H ours

Ly sogenic culture Non- lysogenic culture Control0

aflatoxin B l
(50 /ig/ml)

aflatoxin B l 
50 ng/ml) none

DNAa RNAa Protein** DNA RNA Protein DNA RNA Protein

0 35 60 120 26 57 123 38 63 130

l 32 78 220 22 73 246 45 76 255

1.5 48 97 342 23 98 385 60 103 410
2 69 101 425 25 119 535 78 123 576

3 90 98 470 22 138 597 97 139 605

4 110 99 485 21 150 680 108 163 695

a D N A  and RNA, given in  /xg pe r 10 ml of cells
b P ro te in  was estim ated  as pg  pe r one ml o f cells
0 Since no significant d ifference was found in  th e  levels of DNA, R N A  and  p ro te in  syn­

th es is  in  e ith e r lysogenic or nonlysogenic  cells, th e  con tro l was k e p t w ith  nonlysogenic cells
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Discussion

M any ag en ts  w h ich  affect D N A  sy n th es is  h av e  been show n to  h a v e  th e  
a b ility  to  induce lysogenic b ac te ria  [20]. As rev iew ed  by  Magee [21], c a rc in o ­
gens a re  know n to  req u ire  m etabolic  a c tiv a tio n  to  tran sfo rm  th e  in a c tiv e  
m olecules in to  m u tag en ic  an d /o r carcinogenic species. In  vivo s tud ies do n o t 
d e m o n s tra te  c learly  th e  m etabo lic  re q u irem en t fo r a fla tox ins, h u t m icrosom al 
enzym e a c tiv a tio n  is an  ab so lu te  req u irem en t fo r m u tag en ic ity  [22]. A lth o u g h  
n o t exp lic itly  m en tio n ed , A FB 1 can ind u ce  lysogenic  b ac te ria  to  e n te r  th e  
rep lica tiv e  stage  [13, 14]. A t th e  p resen t m o m e n t th e  m echanism  of p ro p h a g e  
in d u c tio n  b y  A FB 1 is obscure. D ecent ev id en ce  suggests th a t  in  b a c te r ia  
tre a te d  w ith  A F B 1 , th e  D N A  lesion, w hich  p e rs is ts  a fte r py rim id in e  d im er 
excision rep a ir, induces a m etabolic  p a th w a y  lead in g  to  m u tagenesis , lysis 
in d u c tio n  an d  cell f ila m e n ta tio n  [22].

M easurem ent o f tu rb id ity , b o th  in lysogen ic  an d  non-lysogenic b a c te r ia  
in d ica tes  th a t  i t  decreases m ark ed ly  a t  50 /ig /m l co n cen tra tio n  of A F B 1  in 
lysogenic b ac te ria , n e a rly  in h ib itin g  90%  o f cells w ith in  4 h of in c u b a tio n . 
The decrease  in  non-lysogen ic  b ac te ria  is 2 0 %  less, in d ica ting  th a t  lysogen ic  
b a c te r ia  are  m ore sen sitiv e  to  A FB 1 and  th a t  th e  d ra m a tic  decrease in tu rb id i ty  
is a t t r ib u te d  to  th e  in d u c tio n  of prophage.

D e te rm in a tio n  of D N A , B N A  an d  p ro te in  sy n th esis  in  lysogenic b a c te r ia  
a fte r  th e  a d d itio n  o f A FB 1 (50 pg/m l) in d ic a te s  th a t  b o th  B N A  an d  p ro te in  
syn th esis  increases up  to  90 and  120 m in, re sp ec tiv e ly , h u t th en  rem a in  a t  a 
c o n s tan t level. D N A  sy n th esis  is a lm ost co m p le te ly  inh ib ited  w ith in  1 h  b u t  
increases ra p id ly  th e re a f te r . This increase is d u e  to  th e  synthesis of new  p h ag e  
D N A  w hich is n o t in h ib ite d  by  A FB1 a t th e  c o n c e n tra tio n  used.

D et e rm in a tio n  o f D N A , R N A  and  p ro te in  syn thesis  in non-lysogen ic  
b a c te ria  a fte r  th e  ad d itio n  o f 50 pg/m l A FB 1 in d ica tes  th a t  D N A  sy n th es is  
stops com plete ly  in  th e  f irs t  h o u r and  does n o t  increase  th e rea fte r, th u s  co n ­
firm ing  th a t  th e  rise o f th e  D N A  level in lysogen ic  b ac te ria  a fte r 1 h is due  to  
phage D N A  sy n thesis . In  c o n tra s t, b o th  R N A  an d  p ro te in  synthesis co n tin u e  
to  increase du ring  th e  te s t  in te rv a l. This o b se rv a tio n  in  P. aeruginosa co incides 
w ith  an  earlie r o b se rv a tio n  m ade b y  Lillehoj a n d  Ciegler [23] in Flavobacterium  
aurantiacum . No s ig n ifican t increase in  R N A  a n d  p ro te in  synthesis o ccu rred  
a fte r  90 a n d  120 m in  in  lysogenic bac te ria . T h is w ould  ind icate  e ith e r  th e ir  
p a r tia l  in h ib itio n  b y  50 pg /m l of A FB 1, or i t  m ig h t be due to  a p a r tia l in v o lv e ­
m en t of b o th  in th e  sy n th es is  o f phage co m p o n en ts .

P rev ious re p o rts  in d ica tes  th a t  a f la to x in  re a c ts  w ith  DNA in v itro  a n d  
th is  reac tio n  has been  suggested  to  he responsib le  fo r th e  tox in -induced  in h ib i­
tio n  o f R N A  sy n th esis  in  liver cells [24, 25]. S ince R N A  synthesis in P. aerugi­
nosa seem s to  he less sensitive  to  a fla to x in , th e  to x in  m ay  no t he in it ia tin g  th e  
sam e p rocess in  b a c te r ia l an d  liver cells. B esides in d u c tio n  of th e  p ro p h ag e  b y
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A F B 1 , s tu d ies  are being  co n tin u ed  to  e lu c id a te  th e  m ode of ac tio n  o f  a f la to x in  
o n  ly sogen ic  an d  non-lysogenic  b a c te ria l sy stem s.

Acknowledgement. W e th a n k  D r. B . W . H o llo w a y  and  Dr. Sh r in iw a s  fo r p ro v id in g  
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C E L L U L A R  A N D  H U M O R A L  CYTO TO X IC ITY  I N  
P A T I E N T S  W I T H  L E U K A E M I A  A N D  

P R E L E U K A E M I A

I I .  O N C O V IR U S  S P E C IF IC IT Y  OK T H E  R E A C T IO N  

B. S z a b ó , F . D. T ó t h , L. V á c z i , A. R é t h y , A. K iss  and K . R á k

Institu te  o f M icrobiology, and Second D epartment o f  M edicine , U niversity M edical School,
Debrecen

(R eceived Ju n e  14, 1983)

C ytotoxic a c tiv itie s  o f ly m p h o cy tes  and  an tib o d ies  ag a in s t autologous tu m o u r cells 
d e tec ted  by 5lCr re lease  tech n iq u e  were freq u e n t in  p a tie n ts  w ith  chronic g ran u lo cy tic  le u k a e ­
m ia, b u t  in freq u en t in  p a tie n ts  w ith  b lastosis o f acu te  m yelo id  leukaem ia. Am ong su b jec ts  w ith  
p o ten tia lly  p re leukaem ic  haem ato log ical d isorders au to lo g o u s cy to to x ic  a c tiv ity  was obse rv ed  
only in  cases o f cy to p en ia , w hile sam ples from  p a tie n ts  w ith  p o ly cy th aem ia  v e ra  p ro v ed  to  be 
devoid of cellu lar and  h u m o ra l c y to to x ic ity . In  the  m a jo r ity  o f  cases th e  cy to tox ic  a c t iv ity  o f 
lym p h o cy tes and  an tib o d ies  could  be b locked by  gp70 an tig en s  o f baboon endogenous v iru s  
(B aE V ) and gibbon ape  leukaem ia  v iru s (GaLV ). p l5 (E )  an tig en s  o f  B aE V  and  GaLV show ed 
blocking a c tiv ity  less f re q u e n tly . D igestion  by  glycosidase o f th e  ca rb o h y d ra te  o f gp70 an tig en s  
reduced  th e ir b lock ing  ac tiv ity .

T here have been  rep o rts  on th e  iso lation  from  c u ltu red  h u m an  cells o f 
v iruses v e ry  sim ilar to  p rim a te  C -type  v iruses [1 —4] an d  certa in  nucleic acids 
and  p ro te in s  re la te d  to  these  v iruses have been  fo u n d  in  h u m an  m yelo id  
leukaem ic cells [5, 6]. O th er lab o ra to rie s  succeeded  in  de tec ting  im m u n e  
re a c tiv ity  to  an im al oncovirus g lycopro teins [7—9].

W e have  assum ed  th a t  expression of oncov irus an tigens during  leukaem o- 
genesis in  h u m an s m igh t lead  to  a sim ilar im m u n e  response. In  a p rev io u s 
re p o rt it  w as show n th a t  ly m p h o cy tes  and  blood  p la sm a  sam ples from  p a tie n ts  
w ith  m yelop ro life ra tiv e  d isorders exh ib ited  a  c y to to x ic  effect ag a in st a u to ­
logous tu m o u r cells [10], an d  th e  cy to to x ic ity  o f  ly m p h o cy tes  an d  an tib o d ie s  
was in h ib ited  b y  th e  envelope g lycopro te in  (gp70) o f p rim a te  C -type v iru ses . 
I t  is, how ever, d ifficu lt to  in te rp re t th e  v iru s-sp ec ific ity  of these  reac tio n s , 
because ly m p h o cy tes  an d  an tib o d ies  reac tiv e  w ith  th e  v ira l gp70-s m ay  be 
d irec ted  ag a in st c a rb o h y d ra te  d e te rm in an ts  specified  b y  b o th  v ira l genes a n d  
th e  host cell [11, 12].

B él a  Sza b ó , F eren c . D . T ó t h , L a jo s  VAc z i, A n ta l  R é t h y  
In stitu te  o f Microbiology, U niversity  Medical School 
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At t il a  K is s , KA i .man  RAk
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T he presence o f  an tib o d ie s  reac tiv e  w ith  p l5  (E ), a p o ly p ep tid e  envelope 
a n tig e n  of C-type o ncov iruses, has n o t been  exam ined  in h u m an s. T he p resen t 
s tu d ie s  were u n d e rta k e n  in an effort to  d e te c t cy to tox ic  ly m p h o cy tes  and 
a n tib o d ie s  reac tin g  w ith  n a tiv e  and  c a rb o h y d ra te -free  gp70 and  p l5  (E ) a n ti­
gens in  sam ples from  h e a lth y  hum ans, an d  p a tie n ts  w ith  m yeloid  leukaem ias 
a n d  p o ten tia lly  p re leu k aem ic  disorders.

M aterials an d  m ethods

Separation o f cells fro m  hum an  blood. S e p a ra tio n  of cells from  hep arin ized  b lood sam ples 
w as  c a rried  out by  F ico ll-U ru m iro  m edium  (F low  L ab o ra to rie s  L td ., Irv in e , U. K .)  in  siliconised 
g lass  centrifuge tu b es as d escribed  b y  B oyum  [13]. A fte r  layering  the d ilu ted  b lood  sam ple 
a b o v e  th e  separation  m ed iu m , sam ples were c en trifu g e d  for 30 m in a t  400 g a t  ro o m  tem p e ra ­
tu re . A fte r cen trifu g a tio n , th e  lym p h o cy tes fo rm ed  a lay e r grey in  colour a t  th e  in te rfac e  of the  
s u p e rn a ta n t  blood p lasm a  a n d  th e  sep a ra tin g  m ed ium . T he patho log ical m yelo id  e lem ents 
a n d /o r  g ranulocytes w ere su sp en d ed  in the  se p a ra tin g  m edium  while th e  e ry th ro c y te s  form ed 
a p e lle t a t  the b o tto m  of th e  tu b e . Blood p lasm a , ly m p h o cy tes  and m yeloid  e lem en ts  were 
s e p a ra te ly  asp irated  b y  P a s te u r  p ip ettes . T hen  th e  cells w ere w ashed th ree  tim es  w ith  PB S  of 
p H  7.2. T he co n ten t o f sam p les tak e n  from  each  f ra c tio n  was checked a f te r  M ay—G riin w ald - 
G iem sa  staining. T he p u r i ty  o f cell fractions p ro v e d  to  be  95 -100%  as rev ea led  b y  haem ato log- 
ic a l  in v estiga tion .

Cytotoxicity test. F o r  s tu d y  of cell-m ediated  a n d  com plem en t-d ep en d en t a n tib o d y  cy to ­
to x ic i ty ,  th e  5,Cr-release tech n iq u e  [14] was used  [10]. T he pe r cen t cy to to x ic ity  fo r each sam ple 
w as th e n  calcu la ted  as d esc rib ed  by  Oren e t al. [15].

P urification  o f  gp70  and  p i 5 antigens. T he b a b o o n  endogenous v iru s (B aE V ) p ro p ag ated  
on  A  204 cells (L o t No 990A) w as from  the F re d e ric k  C ancer R esearch  C enter (F red erick , MD, 
U S A ) an d  th e  gibbon ape leu k aem ia  v irus (G aLV ) P ro p a g a te d  on NC 37 cells (L o t No 18-76) 
w as fro m  the  Pfizer L a b o ra to ry  (M aywood, N J , U SA ). B o th  v iruses were p ro v id ed  in  purified  
fo rm  th ro u g h  the  Office o f R esources and  L ogistics, N . C. I. (B ethesda , MD, USA).

A m ethod for iso la tin g  p u re  v ira l envelopes fro m  C -type R N A  v iruses [16] w as com bined 
w ith  m ethods for p re p a ra tio n  o f envelope g ly co p ro te in s from  R auscher v iru s [17, 18] and  from  
en d o g en o u s p rim ate  re tro v iru se s  [19].

Sodium  dodecyl su lp h a te  (SD S) 200 pg  w as ad d ed  to  10 ml of v irus suspension  co n ta in ing  
20 m g of GaLV in  T N E  b u ffe r  (10 inM T ris -H C l p H  7.4, 100 т м  NaCl, an d  1 т м  EDTA). 
A f te r  incu b a tio n  a t  4 °C fo r 5 m in , 2 volum es o f cold  e th e r  were added and  th e  suspension  was 
sh a k e n  fo r 10 m in. T he aq u eo u s phase  was cen trifu g e d  a t  110 000 g for 90 m in  in  a SW  27 ro to r 
(B e ck m an ) and th e  s u p e rn a ta n t  was th en  d ia ly sed  a g a in s t T N E  buffer. So lub ilized  gp70 and 
p l5 ( E )  were iso lated  b y  ch ro m a to g ra p h y  on 1 .5 x 6  cm  phosphocellulose (W h a tm a n  P-11) 
co lu m n s un d er cond itions desc rib ed  b y  S tra n d  a n d  A u g u s t [17].

T he gp70 frac tio n s  d ia ly sed  against Con-A b u ffe r  con ta in ing  0.05 м N aC l, 1 т м  CaCL, 
1 т м  M gCl2, 1 т м  m erc ap to e th a n o l and 2 т м  T ris -H C l p H  7.4 were fu r th e r  p u rif ied  b y  a ffin ity  
c h ro m a to g ra p h y  on 0.9 X 10 cm  Con-A Sepharose co lu m n  [19 |. T he absorbed  g ly co p ro te in s were 
e lu te d  w ith  0.1 м a lp h a -m e th y l m annoside. M olecu lar w e igh t of gp70 and  p l5 (E )  w as d e te rm in ­
e d  b y  SD S-PA G E [20]. Gels w ere s ta in ed  for p ro te in  w ith  Coomassie b r ill ia n t b lue  a n d  for c a r­
b o h y d ra te  by  the  PA S p ro ced u re  [21]. P ro te in  q u a n ti ta t io n  was according to  L ow ry  e t  al. [22].

P u rifica tio n  of B aE V  gp70 and p l5 (E )  w as e ssen tia lly  th a t  described fo r G aLV  an tigens 
e x c e p t  th a t  th e  g ly co p ro te in  w as fu rth e r purified  on  L ens cu linaris Sepharose co lum n an d  e lu ted  
w ith  1 M  a lp h a-m eth y l-m an n o sid e  [19].

Glycosidase treatm ent o f  viral gp70-s. T he p ro ced u re  described b y  O hno e t  al. [23] was 
fo llow ed : 40 pg  of a g lycosidase  m ix tu re  (Miles, F ra n k fu r t ,  FR G ) was ad ded  to  400 pg  o f B aEV  
o r  G aL V  gp70 in 50 т м  so d iu m  c itra te  buffer p H  4.0. T he efficacy of g lycosidase t re a tm e n t  was 
co n tro lled  by  SD S-PA G E ; th e  glycosidase tre a te d  an tig e n s  p roved  to be free o f c a rb o h y d ra te .

Inhib ition  o f  cytotoxic reactions by oncoviral envelope antigens. B efore a d d in g  to  ta rg e t 
cells, lym phocy te  o f p lasm a  sam ples were in cu b a ted  w ith  20 pg  o f a p p ro p ria te  n a tiv e  an d  glyco­
s id ase  trea te d  gp70 as w ell as p l5 (E )  an tigens a t  37 °C fo r 30 m in. The degree o f in h ib itio n  was 
ex p ressed  as per cen t o f to ta l  cy to to x ic  a c tiv ity  (cpm ) m easu red  in  th e  absence o f an tigens.
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R esu lts

D a ta  of 18 p a tie n ts  in  th e  qu iescen t p h ase  of ehronic g ran u lo cy tic  le u ­
kaem ia  (CGL) are  p resen ted  in T able I. B o th  ce llu lar an d  hum oral c y to to x ic ity  
could he d e m o n s tra te d  in 6 p a tie n ts . In  8 p a tie n ts  on ly  cellular c y to to x ic ity , 
an d  in 4 p a tie n ts  only  h u m o ra l c y to to x ic ity  was found . The n a tiv e  gp70 
an tig en  of G aLV  an d  B aE V  in h ib ited  b o th  ce llu la r an d  hum oral c y to to x ic ity  
in  each  case. T he g lycosidase-treated  gp70 an tig en s , free of c a rb o h y d ra te , 
show ed a w eak  in h ib ito ry  a c tiv ity  as co m p ared  to  th a t  o f the  n a tiv e  gp70 
an tig en s. I n  th e  la s t four p a tie n ts  th e  h u m o ra l cy to to x ic ity  to  B aEV  gp70-like  
an tig en s could  n o t be b locked  by  prev ious in c u b a tio n  w ith  g ly co sid ase -trea ted  
gp70 an tig en  o f B aE V . B locking a c tiv ity  o f  p l5  (E) an tigens Tvas less f re q u e n t 
th a n  of n a tiv e  or g lyco sid ase-trea ted  gp70 an tig en s . Such activ ities w ere fo u n d  
a p p ro x im a te ly  in  h a lf  of th e  cases.

All p a tie n ts  lis ted  in  T ab le  I I  w ere in  th e  b lasto id  phase of acu te  m y elo id  
leu k aem ia  (AM L) a t  th e  tim e  of in v es tig a tio n . C y to tox ic  effect o f ly m p h o c y te s

Table 1

Autologous cytotoxicity in  patients in  the quiescent phase o f  CGL

Cytotoxic activ ity

CMC CDA

„  . per cent inhibition per cent inhibition
P a tien t _________ _________________________________ _______________________ ___________

No. per
cent

cy to to ­
xicity

GaLV BaEV per cen 1t GaLV BaEV

gP':o gP'70
cy to to ­
x icity gP 70 gP70

native glyc. native gtyc. native glyc. native glyc.

l 55 80 67 8 78 70 60 40 100 100 40 35 30 8
2 80 75 60 7 60 62 10 29 100 100 8 90 38 7
3 78 95 80 16 70 48 50 30 89 75 15 41 40 15
4 58 75 48 40 70 25 10 55 40 36 10 50 36 0
5 60 85 50 40 48 20 0 50 85 60 10 50 30 0
6 48 68 45 10 98 47 0 61 48 30 11 38 34 0

7 52 88 40 15 100 58 20 0 __ __ __ __ __ __

8 80 45 40 10 100 45 0 0 — — — — — —
9 78 70 52 42 98 15 0 0 — — — — — —

10 55 82 40 15 100 25 0 0 — — — — — —
11 48 55 12 0 88 26 0 0 — — — — — —
12 62 85 88 0 95 17 0 0 — — — — — —
13 48 62 18 0 100 80 0 0 — — — — — —
14 52 18 10 0 98 75 0 0 — — — — — —

15 0 __ __ __ __ __ __ 58 40 12 12 48 0 0
16 0 — — — — — —- 63 34 15 0 18 0 0
17 0 — — — — — — 22 85 30 0 16 0 0
18 0 — — — — — — 28 36 20 0 12 0 0

CMC — cell m ed ia ted  cy to tox ic ity
CDA =  com plem ent-dependent an tib o d y  c y to to x ic ity
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Table II

Cellular and humoral cytotoxicity in  patients in the blasloid phase o f  acute myeloid leukaem ia

P atient
No. Diagnosis

Leiukocyte
C ytotoxic a ctiv ity

CMC CDA

G /l
blast
per

cent

per cent 
cy to to ­
x ic ity

per cent inhibition

percent
cy to to ­
xicity

per cent inhibition

GaLV BaEV GaLV BaEV

g P70
p t5 (E )

gP70
P 15(E)

gp70
p lS (E )

gp 70
p l5 (E )

n ative glyc. n ative glye. n ative glyc. n ative glyc.

l AML 1 2 .8 4 2 1 5 3 5 8 9 8 0 8 6 6 0 5 1 8 1 0 0 8 5 6 0 1 0 0 9 5 1 6

2 AML 0 .9 8 0 7 5 0 0 0 0 0 0 8 0 0 0 0 0 0 0

3 AML 7 .4 8 0 7 0 0 0 0 0 0 6 0 0 0 0 0 0

l4 AML 8 7 5 0 - — — — — - 0 - - - - - -

5 AML 9 4 8 0 — — — — - - 0 - - - - - -

6 AML 6.2 25 0 — — — — — — 0 - — - - - -

7 AML 20 25 0 — — — — — - 0 — - - - - -

8 AML 6 25 0 — — — — — - 0 - - - - - —

9 AML 2 42 0 — — — — — — 0 - - — - -

10 AMMoL 7 22 0 — — — — — — 0 - - - - -

1 1 AMMoL 9.3 49 0 — — — — — — 0 — — — — — —

CMC =  c e llm e d ia te d  cy to to x ic ity
CDA =  com plem ent-dependent an tibody  cy to tox ic ity
AML =  acu te  m yeloid leukaem ia
AMMoL =  acute m yelom onocytic leukaem ia
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Table III

I’atient
No

1
2

3

4

5

6
7

8 
9

10

11
12

Cytotoxicity o f  lymphocytes and antibodies against autologous granulocytes in patients with potentially preleukaemic disorders

Cytotoxic activity

CMC CDA

per cent inhibition per cent inhibition

per cent GaLV BaEV per cent GaLV BaEV
cy to to ­
xicity (0

, , 15(E)
gp ’ГО

1- 15(E)

cyto to -
xycity gp'Г0

|jl5 (E )
gP'10

n ative glyc. n ative glyc. native glyc. n ative glyc.

I R S A 1 8 9 7 5 0 3 0 8 0 7 7 4 5 2 2 7 0 65 1 5 1 9 16 1 0

I R S A 5 0 4 0 3 5 2 7 2 0 2 0 1 8 0 — — — — — —
Pancytopenia 4 5 2 2 2 0 0 4 0 3 1 0 3 5 2 9 1 0 0 1 9 1 4 0

Pancytopenia 3 0 4 2 3 8 0 5 0 4 1 0 0 — — - - - —
Pancytopenia
PV
PV
P V

1 8

0

0

0

9 2 7 0 0 8 0 3 7 0 0

0

0

0

- -

- - - -

P V

P V

P V

P V

0

0

0

0

- -
- - - -

0

0

0

0

-

-
-

- -
-

1RS A id iopath ic  re frac to ry  sideroblastic  anaem ia 
CMC =  cell m ediated  cy to tox ic ity  
РУ  =  polycythaem ia vera
CDA =  com plem ent-dependent an tibody  cy to tox ic ity
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a n d  an tib o d ies  ag a in s t au to logous tu m o u r  cells was detected  in  3 p a tie n ts . 
B lo ck in g  effect of en v e lo p e  an tigens of C -ty p e  v iruses could be o b se rv e d  only 
in  p a t ie n t  No. 1.

T ab le  I I I  show s th e  resu lts of s tu d ie s  on 12 p a tien ts  w ith  p o te n tia lly  
p re le u k a e m ic  h aem ato lo g ica l disorders. C y to to x ic  ac tiv ity  of ly m p h o c y te s  or 
a n tib o d ie s  against au to lo g o u s g ranu locy tes w as detec ted  only in  p a t ie n ts  w ith  
c y to p c n ia , w hereas th o se  w ith  p o ly cy th aem ia  v era  proved n eg a tiv e  fo r th e  
p re sen ce  of cy to to x ic  ly m p h o cy tes  and  a n tib o d ie s . Cellular c y to to x ic ity  was 
fo u n d  in  each cy to p en ic  p a tie n t, while h u m o ra l cy to tox ic ity  cou ld  o n ly  be 
d e te c te d  in  tw o o f th e m . The cellu lar a n d  h u m o ra l cy to to x ic ity  co u ld  be 
in h ib ite d  b y  n a tiv e  or g ly co sid ase -trea ted  gp70 an tigens in each case. O n th e  
c o n tra ry ,  blocking a c tiv i ty  of p l5  (E) a n tig e n s  was observed less fre q u e n tly . 
C e llu la r cy to to x ic ity  w as b locked in 2 cases w hile blocking of h u m o ra l cy to ­
to x ic i ty  was d e tec ted  o n ly  in  1 case.

In  9 patien ts  w ith  non -p re leukaem ic  c y to p c n ia  and in 5 w ith  eosinoph ilia , 
c y to to x ic  ac tiv ity  o f  ly m p h o cy tes  or a n tib o d ie s  against au to logous g ran u lo ­
c y te s  w as no t found . S tu d ies  of 20 h e a lth y  h u m an s gave s im ila rly  n eg a tiv e  
re su lts .

D iscussion

R esu lts  show ed th a t  lym phocy tes a n d  an tib o d ies  cy to tox ic  a g a in s t a u to ­
lo g o u s tu m o u r cells w ere d e tec ted  fre q u e n tly  in  p a tien ts  w ith th e  qu iescen t 
p h a s e  o f CGL b u t ra re ly  in  tho se  being in  th e  b la s to id  phase of AM L. I n  p a tie n ts  
w ith  p o ten tia lly  p re leu k aem ic  h aem ato lo g ica l diseases cy to tox ic  a c t iv i ty  was 
fo u n d  on ly  in those  w ith  cy topen ia , b u t  n o t  in  p a tien ts  w ith  p o ly c y th a e m ia  
v e ra . T he presence o f cy to to x ic  ly m p h o cy tes  or an tibodies m ay be co n n ec ted  
w ith  a favourab le  p ro g n o sis , due to  th e  e lim in a tio n  of tu m o u r cells a n d  v irus- 
in fe c te d  ones. R esu lts  o f  te s tin g  of p a tie n ts  w ith  AML and p o ten tia l p re le u k a e ­
m ia  suggested  a p ro g n o stica lly  fav o u rab le  ro le  o f th e  presence o f an tib o d ie s  
r e a c tin g  w ith  envelope g lycopro te ins o f o n co v iru ses  [24, 25]. T his seem s to  be 
su p p o r te d  b y  th e  low  freq u en cy  or absence  o f  au tologous cy to to x ic  a c t iv i ty  in 
p a t ie n ts  w ith  th e  h la s to id  phase of A M L a n d  po ten tia lly  p re leu k aem ic  dis­
o rd e rs , respective ly . O n th e  o th e r h a n d , a re la tio n sh ip  was fo u n d  b e tw een  
th e  expression  of o n co v ira l genom e an d  th e  developm ent of o v e rt leukaem ic  
d isea se  in  preleukaem ic  ch ild ren  [26]. T he p resen ce  of C-type p a rtic le s  in  bone 
m a rro w  sm ears o f p re leu k aem ic  p a tie n ts  w as connected  w ith d ev e lo p m e n t of 
le u k a e m ia  and  m a lig n a n t h istiocy tosis [27]. T h e  biological s ign ificance o f  an ti- 
o n c o v ira l im m une resp o n se  detec ted  in  o u r  s tu d ies  is no t clear, b u t  one has 
to  k eep  in  m ind th a t  su ch  lym phocy tes an d  an tib o d ies  m ay possess b o th  v irus 
n e u tra liz in g  [28] an d  c y to to x ic  [29] a c tiv ity .
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B lock ing  o f cy to to x ic  a c tiv ity  b y  th e  n a tiv e  envelope g ly copro te in s of 
B aE V  an d  G aLV  could be observed  in a co n siderab le  p a r t  o f cases w hile  th e  
in h ib ito ry  effect o f p l5  (E) envelope p o ly p ep tid e s  was found ra re ly . D igestion  
o f th e  c a rb o h y d ra te  p a r t  of gp70 an tigens d id  n o t re su lt in d isap p ea ran ce  of 
th e  b lock ing  a c tiv ity , b u t g lycosidase t r e a tm e n t  caused a w eaken ing  o f  th e  
in h ib ito ry  effect. T he im m une  response ra ised  a g a in s t th e  c a rb o h y d ra te  p a r t  
o f gp70-s m ay  have a F o rssm an-like  c h a ra c te r , w hile th e  v irus-specific  n a tu re  
of ly m p h o cy tes  and  an tib o d ies  reac tiv e  w ith  p o ly p ep tid e  ep itopes o f c a rb o ­
h y d ra te -free  gp70 an d  p l5 (E )  an tigens c a n n o t be excluded. T h e ir v iru s- 
specific ity  is su p p o rte d  b y  th e  presence o f a n tig en s  closely re la ted  to  s tru c tu ra l  
p o ly p ep tid es  o f  p rim a te  C -type v iruses in  h u m a n  cells [30]. T he re su lts  of 
H eh lm an n  e t al. [31] seem fu r th e r  to  s tre n g th e n  th is  assum ption  as th e y  h av e  
succeeded in  d e tec tin g  an tig en s c ross-reactive  w ith  gp70 of p r im a te  C -type  
v iruses in  th e  sera  of leukaem ic p a tie n ts . T h e  re a c tio n  was n o t due to  reco g n i­
tio n  o f c a rb o h y d ra te  m oieties as d e m o n s tra te d  b y  p rio r tr e a tm e n t w ith  
g lycosidases.

T he p re se n t resu lts  in d ica te  th a t  th e  v iru s  specific cy to tox ic  a c t iv i ty  of 
ly m p h o cy tes  an d  an tib o d ies  m ay  be q u ite  d iffe ren t in d ifferen t g ro u p s of 
p a tie n ts . T h o u g h  tho se  ac tiv itie s  m igh t h a v e  a p rognostic  im p o rtan ce , th e ir  
biological s ign ificance is n o t clear. F u r th e r  c y to to x ic  stud ies are done in  our 
la b o ra to ry  to  com pare th e  ac tiv e  an d  rem ission  phase  o f AML as well as th e  
qu iescent an d  b lasto id  ph ase  of CGL.
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IN VITRO CULTIVATION OF MYCOBACTERIUM X 
FROM MYCOBACTERIUM LEPRAE INFECTED 

TISSUES IN PROPANE-TETRADECANE MEDIUM
(Л P R E L IM IN A R Y  C O M M U N IC A TIO N )

L. K a t o

The Salvation A rm y  Catherine Booth H ospita l Centre, Montreal., Canada

(R eceived J u ly  22, 1983)

H o s t grow n M ycobacterium leprae an d  c u ltu re s  o f Mycobacterium  X , c u lt iv a te d  from  
M . leprae  in fec ted  arm ad illo  and h um an  specim ens, w ere in o cu la ted  in to  p ropane  a n d  p ro p a n e -  
te tra d e c a n e  m edia. T he m edia con tained  in  one l itre  d is tilled  w ater K H ^P O ,, 7 g; N a 2H P 0 4, 
0.5 g; (N H 4)2S 0 4, 2 g; M gS 04, 0.1 g; ferric a m m o n iu m  c itra te , 20 mg and y eas t e x tr a c t  (D ifco), 
0.1 g. T w e n ty  m l m edia , d is tr ib u te d  in to  each  of 50 m l screw  cap tubes, were in o c u la te d  w ith  
th e  b acilli and  b ubb led  asep tica lly  for 10 s w ith  9 9 %  p u r i ty  p ropane gas. T e tra d e c a n e -p ro p a n e  
m edia  w ere p rep ared  by add ing  0.1 ml te tra d e c a n e  to  each  of the  tubes c o n ta in in g  20 m l p ro ­
pan e  m edium . W hen in cu b a ted  at 32 °C a lo g a rith m ic  g ro w th  ra te  was counted  in th e  p ro p an e— 
te tra d e c a n e  m edia  follow ing a one to two week la te n c y  period . The tim e of d iv ision  w as e s t im a t­
ed a t seven days. In  th e  p ro p a n e -te tra d ec an e  m ed iu m , grow th  occurred a t  th e  in te rfa c e  o f the 
te tra d e c a n e  oil and  w a te r  as a th in  veil develop ing  in to  a 1 to  3 m m  th ick  em u lsio n  in  tw o to 
th ree  m o n th s . No g row th  occurred  in  th e  p ro p a n e  m ed ium  and grow th was e x tre m e ly  slow 
in  th e  te trad e c an e  m edium . W hen added  to th e  te tra d e c a n e  m edium , p ro p an e  co n sid e rab ly  
sh o rte n ed  the  la ten cy  period  and th e  g en era tio n  t im e , re su ltin g  in increased b a c te r ia l  y ield . 
B acilli w ere stro n g ly  ac id -fas t; the  cu ltu re  d id  n o t  grow  on L öw enstein -Je n se n  o r in  D ubos 
m edia , b u t  p roduced  th e  localized disease ty p ic a l o f  M . leprae in the foot pads o f  m ice.

M ycobacterium  X  was cu ltiv ab le  from  h u m an  and arm adillo  M . leprae 
in fec ted  tissues in  m edia  con ta in in g  te tra d e c a n e  [1-3]. The g ro w th  was 
e x trem e ly  slow an d  d ifficu lt to  q u a n ti ta te .  M ycobacterium  X  w as th e  f irs t 
s tra in  cu ltiv ab le  from  M . leprae in fec ted  tissu es  w hich did no t grow  on L öw en­
ste in  Jen sen  or in  D ubos m edia, h u t p ro d u c e d  th e  disease ty p ica l o f  M . leprae 
in th e  foot pads o f mice.

T h e  te rm in a l m e th y l b indings o f  te tra d e c a n e  and  o ther m e d iu m  len g th  
s tr a ig h t  chain  h y d ro ca rb o n s are know n  ca rb o n  a n d  energy sources fo r  in  v itro  
g ro w th  of m ost species of m yco b ac te ria  [3 -7 ]. P ropane , a sh o rt c h a in  M a te r  
so lub le  h y d ro c a rb o n  gas, served as sole sou rce  o f  carbon  and  en erg y  fo r a few 
sa p ro p h y tic  s tra in s  o f m ycobacteria  [4, 7]. As an  a tte m p t to  re p la c e  th e  oily 
te tra d e c a n e  in  th e  m edium , w a te r so luble  p ro p an e  was an obv ious c a n d id a te  
to  su p p o rt g ro w th  or im prove y ield  of M ycobacterium  X .

C u ltiv a tio n  of M ycobacterium  X in liq u id  m edia co n ta in in g  d isso lved  
p ro p a n e  gas will be rep o rted  in  th is  co m m u n ica tio n .

L a szlo  K ato

The Salvation Army Catherine Booth H ospital Centre 
4375 M ontclair A venue, M ontreal, Canada H4B 2.15
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M aterials and m ethods

A ll co n ta in ers , p ip e tte s , cen trifu g e  tubes and sy rin g es w ere  m ade of glass, because  h y d ro ­
ca rb o n s re a c t  w ith  p las tic  m a te ria ls .

B a sa l m edium . K H 2P 0 4, 7.0 g, N a 2H P 0 4, 0.5 g, (N H 4) 2S 0 4, 2 g, M gS04, 0.1 g an d  y e a s t  
e x tr a c t  (D ifco), 0.1 g w ere d issolved in  one litre  d is tilled  w a te r . T he pH  was 5.8. T w e n ty  ml o f 
b a sa l m ed iu m  w as d is tr ib u te d  in to  each  of th e  50 m l screw  cap  tu b es  and au toclaved  fo r 40 m in .

Propane-letradecane. T en  m l te trad ecan e  (U S P  g rad e) in  a 50 ml screw' cap  tu b e  w as 
a u to c lav e d  fo r 40 m in. T h is  w as b u b b led  w ith  99%  p u r i ty  p ro p a n e  gas for one m in u te  u n d e r  
one lb /in 2 pressu re  a t  ro o m  te m p e ra tu re  th ro u g h  a one m l serological p ip e tte  u n d e r  a sep tic  
c o n d itio n s. (P ro p an e  gas is h ig h ly  soluble in  te trad e c an e ).

P ropane media. T w o k in d s  o f p ropane m edia w ere u sed . All operations w ere pe rfo rm ed  
u n d e r a se p tic  conditions.

(a ) B asa l m ed iu m  — p ro p a n e : Compressed p ro p a n e  gas in  a one lite r c o n ta in e r w as of 
99%  p u r i ty  grade an d  w as p u rc h ase d  from  U nion C arb ide  L td . ,  C anada. A ccording to  th e  su p ­
p lie r, th e  im p u ritie s  c o n ta in ed  e th a n e  and m ethane. T h e  c o n ta in e r  was provided w ith  a  sa fe ty  
v a lv e  w ith  tw o  m an o m ete rs  a tta c h e d , one m easuring  gas p re ssu re  and  ano ther m easu rin g  th e  
gas flow . A  fu r th e r  v a lv e  served  to  open th e  gas flow  in to  th e  o u tle t tube. To th is  an  in te r ­
ch an g eab le  s te rile  c o tto n  p ack ed  glass tu b e  was a tta c h e d  b y  connecting  Nalgene tu b es . D ispos­
able 1 m l s te rile  p ip e tte s  w ere used  to  in troduce  th e  p ro p a n e  gas in to  the  b o tto m  of th e  liq u id  
b asa l m ed iu m  in  th e  screw  cap  tu b e . T he p ip e tte  o u tle t  w as 0.5 m m  in d iam eter. S e p a ra te  
p ip e tte s  w ere  used  fo r each  tu b e  o f cu ltu re  m edium .

P ro p a n e  gas w as in tro d u c e d  in to  th e  m edia a f te r  th e y  w ere inoculated  w ith  th e  bacilli. 
T h e  gas o u tflo w  was a d ju s te d  to  ap p ro x im ate ly  1 lb /in 2 p re ssu re . The m edium  w as b u b b led  for 
10 s. P ro p a n e  w as ad ded  to  th e  cu ltu res  a t  3 week in te rv a ls .

Fo llow ing  gassing  o f th e  in o cu la ted  m edia, th e  screw  cap  tubes were tig h tly  closed. I t  is 
k n o w n  t h a t  6 .5%  p ro p an e  gas is d issolved in  w ater. P ro p a n e  is heav ier th an  air. A n u n q u a n ti ­
fied  b u t  a d e q u a te  su p p ly  o f p ro p a n e  was therefore  en su red  fo r  th e  bacilli in th e  above e x p e ri­
m e n ta l cond itions.

(b )  B asa l m ed iu m  — p ro p a n e-te tra d ec an e : b y  a d d in g  au to c lav ed  0.1 ml p ro p a n e - te tra -  
d ecane  to  each  of th e  screw' cap  tu b es  con tain ing  20 m l b a sa l m edium . The ino cu la ted  cu ltu re s  
w ere a g a in  b u b b led  w ith  p ro p an e  fo r 10 s.

Sources o f  M . leprae. A rm ad illo  spleen specim ens w ere  received from  M elbourne, F lo rid a . 
T h e  a n im a ls  w ere k illed  12 to  18 m o n th s  following in tra v e n o u s  in jec tio n  w ith M . leprae su sp en ­
sions iso la te d  from  skin  b iopsies o f h u m an  lep ro m ato u s lep ro sy  cases. The spleens w ere h e av ily  
in fec te d  w ith  ac id -fast b acilli. T he tissue  specim ens w ere tra n s p o r te d  w ithou t re fr ig e ra tio n  in  
th e  b a sa l m edium . E ac h  specim en  w as w ashed w ith  d is tilled  w a te r  and cu t w ith  scissors in to  
sm all p ieces. T hese w ere hom ogen ized  in  a  P o tte r -E Iv e h je m  liom ogenizer to o b ta in  a 10%  (w /v) 
su sp en sio n  in  th e  b asa l so lu tion . T h e  suspension w as d ilu te d  w ith  an  equal volum e of 4 %  N a O H  
so lu tio n  a n d  k e p t fo r 20 m in  a t  37 °C. T he suspension w as cen trifu g ed  for two m in u te s  a t  1000 
rp m  a n d  th e  sed im en t w as d iscard ed . T he su p e rn a ta n t w as cen trifu g ed  for 10 m in  a t  6000 rp m . 
T h e  o b ta in e d  sed im en t w as w ash ed  tw ice w ith  30 m l b a sa l m ed iu m . The sed im ent so o b ta in e d  
w as u se d  w ith o u t fu r th e r  p u rif ic a tio n  for in o cu la tion  o f  th e  m edia .

M ycobacterium  X  s tra in s  w ere prev iously  c u ltiv a te d  [3] fro m  M . leprae in fec ted  a rm a d il­
lo sp leens o r from  h u m an  lep ro m a ta . T he stra ins w ere tra n s fe r re d  a t  th ree  m on th  in te rv a ls  in to  
a ce to n e —D M S O -te tra d ec a n e  m ed iu m . T he f if th  su b c u ltu re  w as d ilu ted  1 : 1 v /v  w ith  ace to n e , 
sh a k e n  fo r 10 s w ith  a V o rte x  hom ogenizer and c en trifu g ed  fo r  20 m in a t 10 000 rp m . T he sed i­
m e n t w as w ashed  th ree  tim es w ith  20 ml basal m edium .

Inocu la tion  o f  the media. T h e  o b ta ined  sed im en ts  w ere  suspended  in th e  b asa l m ed iu m , 
to  c o n ta in  5 X 107 acid -fas t rods p e r  one ml suspension ; 0.4 m l w as added to each  of th e  tu b e s  
co n ta in in g  20 m l m edium . A  2 m m  loopful of th e  se d im e n t w as spread on th e  su rface  o f th e  
L ö w e n s te in -Je n se n  m ed ium . F iv e  m l D ubos liqu id  m ed iu m  w as inocu la ted  w ith  0.2 m l su sp en ­
sion co n ta in in g  5 X 107/m l ac id -fas t rods.

Incubation  and estim ation  o f  growth. The cu ltu res  w ere  in cu b a ted  a t  32 °C. T h ey  w ere 
sh ak en  m an u a lly  tw ice w eekly . A ll cu ltu res  were o bserved  d u r in g  a t  least two m o n th s o f in c u b a ­
tio n . M u ltip lica tio n  of ac id -fas t bacilli in  th e  cu ltu res w as ta k e n  as the  c riterion  of g ro w th .

T h e  m u ltip lica tio n  of ac id -fas t bacilli in som e of th e  m ed ia  was so obvious th a t  a c tu a l  
c o u n tin g  o f bacilli was n o t  n ecessary . H ow ever, c o u n tin g  o f ac id -fas t bacilli was carried  o u t  to  
e s tim a te  th e  re la tiv e  g ro w th  r a te  o f  cells in  th e  cu ltu res . I t  w as necessary  to d ilu te  th e  cu ltu res  
w ith  ace to n e  1 : 1 v /v  in  o rd e r to  o b ta in  a hom ogeneous su sp en sio n  for counting. A 5 m m  d ia ­
m e te r  loopfu l o f cu ltu re  o r i ts  d ilu tio n  was spread  ev en ly  on  a  2 cm 2 surface of siliconized slides. 
T he sm ears  on  th e  slides w ere allow ed to  d ry  o v e rn igh t. F ix a tio n  was achieved over flam e  fro m  
a gas b u rn e r. T he p re p a ra tio n s  w ere s ta ined  by  th e  Z ieh l-N ee lsen  m ethod.
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T h e  n u m b er of cells was co un ted  in tw e n ty  l x l  cm  m icroscopic fields using  a Zeiss n e t 
m ic ro m eter u n d e r  1000 X  m agnification . T he av erage  n u m b er o f acid-fast rods p e r  m icroscopic 
field w as m u ltip lied  by the  d ilu tion  fa c to r o f th e  c u ltu re s  w hen serial d ilu tions o f  th e  cu ltu res  
were n ecessa ry  for counting .

R esu lts

P rim a ry  cultures in  the propane m edium  fro m  M . leprae-infected arm adillo  
spleen. T u rb id ity  o f in o cu la ted  m ed ia  did n o t increase a fte r a la te n c y  period  
o f  one to  tw o  m o n th s. M icroscopic e x a m in a tio n  show ed no evidence o f  m u ltip li­
ca tio n  o f cells in th e  cu ltu res.

Growth in  the propane tetradecane m ed ium . The inocu la ted  b ac illi accu ­
m u la te d  w ith in  a few days a t th e  in te rface  o f  th e  te trad ecan e  oil f lo a tin g  on th e  
w a te r p h ase  of th e  m edium . W ith in  a w eek  o r tw o th is  becam e in c rea s in g ly  
v isib le  as a w h itish  veil f lo a tin g  a t  th e  in te rfa c e  of th e  oil in w a te r  sy stem . 
T h en  th e  veil th ick en ed , developing  in to  a disklike dense em ulsion  one to  
th re e  m m  high . C om plete hom ogen ization  w as n o t achieved even a f te r  v ig o r­
ous sh a k in g  w ith  th e  V ortex  hom ogenizer. M axim al g row th  dev e lo p ed  in  one 
to  th re e  m o n th s , depend ing  on th e  size o f th e  inoculum . M icroscopic e x a m in a ­
tio n  o f  th e  described  g row th  left no d o u b t t h a t  th e  veil, w hich w as grow ing  
p rog ressiv e ly  in  size, consisted  o f m asses o f ac id -fa s t bacilli.

T he g ro w th  ch arac teris tics  were th e  sam e w h e th e r m edia w ere in o c u la te d  
w ith  h o s t grow n M . leprae or w ith  an y  o f  th e  fo u r M ycobacterium  X  cu ltu re s .

Subcultures in  the propane tetradecane m edia. The p rim ary  c u ltu re s  were 
tra n s fe r re d  in to  th e  p ro p a n e - te tra d e c a n e  m ed iu m  w hen the  d isk like  g ro w th  
w as one to  tw o  m illim eters th ick . I t  w as n o t  possib le  to  tran sfe r a u n ifo rm  size 
o f tra n s fe r  in o cu lu m , since un ifo rm  h o m o g en iza tio n  was no t fessible. A fte r  th e  
cu ltu re s  w ere sh ak en  for 15 s w ith  th e  V o rte x  hom ogenizer, 2 m l c u ltu re  was 
tra n s fe rre d  in to  20 m l sterile  m edium . A fte r th e  tra n sfe r , bubb ling  w ith  p ro p a n e  
gas w as p erfo rm ed . G row th  ch a rac te ris tic s  in  th e  subcu ltu res w ere th e  sam e 
as in  th e  p r im a ry  cu ltu res. I t  seem ed th a t  th e  la te n c y  g row th  perio d  w as co n ­
sid e rab ly  sh o rte r  in  th e  su b cu ltu res . All c u ltu re s  are  now  regu larly  tra n s fe r re d  
a t  tw o to  th re e  m o n th  in te rva ls .

Evidence o f  growth in  the propane-tetradecane m edium . F ig u re  1 show s 
lo g arith m ic  ra te  o f m u ltip lica tio n  p lo tte d  a g a in s t tim e  in  weeks o f one  o f th e  
p r im a ry  cu ltu re s  as well as th e  fo u rth  su b c u ltu re  in  th e  p ro p a n e - te tra d e c a n e  
m ed ium . T h eo re tica l la ten cy  periods of g ro w th  w ere estim ated  b y  e x tra p o la tin g  
th e  lo g a rith m ic  line to  th e  level o f  in o cu la ted  cells per m l a t t u o f  in c u b a tio n . 
The la te n c y  perio d  was tw elve to  sev en teen  d ay s for th e  four p r im a ry  cu ltu re s  
as show n in  T ab le  I. The la te n c y  period  w as considerab ly  sh o rte r in  th e  su b ­
cu ltu res  as co m p ared  to  th e  p rim a ry  cu ltu re s .

T ab le  I  also show s th e  ra te  o f m u ltip lic a tio n  expressed as g en e ra tio n  tim e . 
T h is  w as ca lcu la ted  a t th e  level o f h a lf  th e  tim e  o f th e  logarithm ic g ro w th  pe-

A d a  Microbiologieл Hungaric.i 31, 1984



3 7 6 KATO

riod . T h e  tim e  of d iv ision  in th e  p ro p a n e - te tra d e c a n e  m edium  was close to  
seven  d a y s  in  th e  p rim a ry  cu ltu res  and  su b c u ltu re s .

T a b le  I  also show s th a t  genera tion  tim e  w as ap p ro x im a te ly  tw ice as long 
in  th e  te tra d e c a n e  m edium  as com pared  to  th e  sam e  p a ra m e te r  in  th e  p ro p a n e -  
te t r a d e c a n e  m edia.

Fig. 1. L o g arith m ic  ra te  o f m u ltip lic a tio n  p lo tted  a g a in s t tim e  in  weeks of a p rim a ry  c u ltu re  
(1°) a n d  th e  fo u rth  su b cu ltu re  (4°) o f M ycobacterium  X  in  p ro p a n e -te tra d e c a n e  m edium . N u m ­
b e r o f  cell- is expressed  as av erag e  n u m b er of acid -fas t ro d s  in  1 cm 2 field  of a n e t m ic ro m ete r

eyepiece

Table I

Latency  period  and generation tim e in  days o f fo u r  strains o f  M ycobacterium X  grown in  propane  
tetradecane m edium  from  M . leprae infected armadillo spleens

M ycobacterium  X
Latency period in days Generation time (cell division) in days

prim ary culture 4 th  subculture prim ary culture 4th subculture

I n  p ro p an e-te trad ecan e  
m ed iu m  

1 12 5 5 6
2 17 9 6 8
3 14 9 7 7
4 16 6 7 6

I n  te trad ecan e  m edium  
1 17 15
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A dapta tion  to propane in  subcultures. F o u r M ycobycterium  X  c u ltu re s  [3] 
g row n in  ac e to n e -D M S O -te tra d e c a n e  m ed iu m , o b ta ined  from  su b cu tan eo u s  
h u m an  le p ro m a ta  or from  th e  spleens o f M . leprae in fected  a rm ad illo s , were 
tra n sfe rre d  (1 : 10 v /v) in to  fresh hom ologous m edia a t th ree  m o n th  in te rv a ls . 
T h e  th ree  m o n th s  o ld  sub cu ltu res  w ere tra n s fe rre d  (1 : 10/v/v) in to  p ro p an e-

F ig . 2. G ro w th  of M ycobacterium  X  in  te trad e c an e  m ed ium  ( a ) and  a d ap ta tio n  o f  M ycobacte­
rium  X  grow n on te tra d e c a n e  m edium  to p ro p a n e - te tra d e c a n e  m edium . T he lo g arith m ic  g ro w th  
r a te  is in d is tin g u ish ab le  in th e  1°, 2° and  4° su b c u ltu re s , b u t  th e  la ten cy  period  is p ro g ressiv e ly  

sho rten ed . E v idence of cell m u ltip lica tio n  as in  Fig. 1

te tra d e c a n e  m edia. A fte r a 10 to  12 d ay  la te n c y  period bacilli m u ltip lie d  a t 
a lo g arith m ic  ra te . F igu re  2 shows th a t  in  th e  f irs t  subcu ltu re  in  th e  p ro p a n e -  
te tra d e c a n e  m edium  th e re  w as a lread y  a  sh o rte n e d  la ten cy  period  o f  g ro w th  
an d  p rac tica lly  no  m easu rab le  la ten cy  p e rio d  in  th e  fo u rth  in  v itro  su b c u ltu re  
in th e  p ro p an e  m edia . O nly  one o f th e  p ro p a n e  grow n cu ltu res is show n in  F ig . 2. 
T he g ro w th  ra te  o f tw o cu ltu res  iso la ted  fro m  h u m an  tissues and  of tw o  cu ltu res  
from  arm ad illo  M . leprae in fected  tissues w as p rac tica lly  in d is tin g u ish ab le .

Löwenstein Jensen  and Dubos media. M . leprae suspensions from  arm ad illo  
spleen an d  th e  M ycobacterium  X  cu ltu res  grow n in ace to n e -D M S O -te tra d e c a n e , 
as well as M ycobacterium  X  grow n in p ro p a n e  te trad ecan e  m edium , w ere in o ­
cu la ted  in to  L öw enstein  Jen sen  an d  D uhos m edia. These w ere in c u b a te d  a t  
37 °C. No g row th  w as observed  in an y  o f  th e  in ocu la ted  cu ltu res d u rin g  a 12 
week in cu b a tio n  period .
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T h e  n u m b e r o f ac id -fast rods did n o t in crease  in  th e  p ro p a n e -te tra d e c a n e  
m ed ia  w h en  in o cu la ted  w ith  in  v itro  or in  v ivo  grow n b u t h ea t killed cells 
(a u to c la v e d  one h o u r) w hen  in c u b a te d  for 12 w eeks a t  32 and  37 °C, re sp ec ­
tiv e ly .

A n im a l inoculation. T h ree  of th e  fo u r c u ltu re s  grow n in  th e  p ro p a n e -  
te tr a d e c a n e  m edia w ere in jec ted  in to  th e  fo o t p a d s  o f mice. In  each case th e  
fo u r th  su b c u ltu re  w as d ilu te d  w ith  equal vo lu m es o f  acetone, cen trifuged  a n d  
th e  se d im e n t w as su sp en d ed  in  physio logical sa lin e  so lu tion  to  o b ta in  5 x  10s 
a c id -fa s t bacilli p er 0.05 m l. U sing a tu b e rc u lin e  syringe, th is  am o u n t w as 
in je c te d  from  each cu ltu re  re sp ec tiv e ly  in to  th e  h in d  foo t pads of 10 Swiss a lb ino  
m ice. F iv e  m ice w ere k illed  fo u r m onths la te r  a n d  th e  surv iv ing  mice w ere 
k illed  s ix  m o n th s  a fte r  in fec tion . T he n u m b e r o f  ac id -fast rods was co u n ted  
in  th e  poo led  hom ogenized  foo t p a d  conn ec tiv e  tissues. D epending  on th e  
s tra in s , th e  n u m b e r o f ac id -fast bacilli in th e  fo o t p ad s  increased  from  5 X 103 
to  1.2 to  2.1 X  104 in  fou r m o n th s  an d  to  1.4 to  3.2 X 105 in  six m onths.

D iscussion

M ost s tra in s  o f m y co b ac te ria  grow on m ed iu m  len g th  s tra ig h t chain  liq u id  
h y d ro c a rb o n s  as th e  sole source of carbon  an d  en erg y  (3-7). Id en tica l s tra in s  
of a c id -fa s t cu ltu re s , te n ta t iv e ly  nam ed  M ycobacterium  X , w erecu ltiv a ted  from  
h u m a n  a n d  a rm adillo  M . leprae in fec ted  tissu es  in  a liq u id  m edium  co n ta in in g  
an  o ily  liq u id  h y d ro c a rb o n , te tra d e c a n e  [1 -3 ]. T h e  slow grow ing cu ltu res  d id  
n o t g row  on L ö w e n s te in -Je n se n  or in D ubos m ed iu m . A ttem p ts  w ere m ad e  to  
im p ro v e  th e  c u ltiv a tio n  tech n iq u es , increase b a c te r ia l  yield, avoid  use o f th e  
d isa d v a n ta g e o u s  tw o  —ph ase  g row th  system , th u s  p e rm ittin g  accu ra te  m e a ­
su re m e n ts  o f g ro w th  an d  fa c ilita te  sep a ra tio n  o f bac illi from  th e  cu ltu res. A sim ­
p lified  o n e-phase  sy stem  m ed ium , using a w a te r  so luble carbon  an d  en erg y  
source , w as also ex p ec ted  to  p e rm it to  o b ta in  easily  rep roducib le  resu lts .

T hese  ex p ec ta tio n s  w ere only  p a r tly  rea lized . B acilli did n o t grow  in  th e  
one p h a se  p ro p an e  m ed iu m ; th e  oily te tra d e c a n e  w as necessary  for g ro w th . 
H o w ev er, p ro p an e  co n sid e rab ly  sh o rtened  th e  la te n c y  period and  th e  g en e ra tio n  
tim e , th u s  lead in g  to  in c reased  b ac te ria l y ie ld .

W hile  n ea rly  all species o f m yco b ac te ria  grow  on liqu id  oily h y d ro ca rb o n s , 
th e re  a re  on ly  a v e ry  few w hich  u tilize w a te r  so lub le  h y d ro ca rb o n  gases for 
m u ltip lic a tio n . L u k ins an d  F o s te r  [7] re p o rte d  t h a t  am ong m an y  cu ltu re s  of 
m y c o b a c te r ia  te s te d , one s tra in  of M ycobacterium  sm egm atis and  th ree  s tra in s  
o f M ycobacterium  rhodochrous w ere th e  only  o rg an ism s to  grow a b u n d a n tly  a t  
30 °C a t  th e  expense of p ro p an e . T he s tra in s  are  sa p ro p h y tic  and  also grow  on 
L ö w e n s te in -Je n se n  m edium .
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M ycobacterium  X , c u ltiv a te d  from  M . leprae in fec ted  tissu es , is so far 
th e  on ly  know n s tra in  o f m y co b ac te ria  w hich grow s in p ro p an e—te tra d e c a n e  
m edia  as th e  sole source o f  ca rb o n , does no t grow  on L öw enstein  Je n se n  or 
in  D ubos m edia, b u t  p ro d u ces disease in th e  foot pad s o f mice. I t  is k n o w n  th a t  
b a c te ria  u tiliz ing  h y d ro c a rb o n  gas oxidize p ro p an e  to  n -p ro p an o n e , or p rop ion ic  
acid an d  acetone, w hich a re  th e  oxygenated  p ro d u c ts  o f th e  b ac te ria l o x id a tio n  
o f p ro p an e  [5]. I t  was re p o r te d  prev iously  th a t  ace to n e , an en zy m atic  o x id a tio n  
p ro d u c t of p ropane, w as a g ro w th -p ro m o tin g  n u tr ie n t  for M ycobacterium  X  [3].

L uk ins show ed th a t  a M . sm egm atis s tra in  grow n a t  th e  exp en se  o f  p ro ­
p an e  d id  n o t grow on  m e th a n e  or e thane . T he p ro p a n e  gas used  to  c u ltiv a te  
M ycobacterium  X  c o n ta in e d  1%  m eth an e  and  e th a n e  as im p u ritie s . In  th e  light 
o f th e  re su lts  of L uk ins [6], it  is safe to  assum e th a t  for th e  observed  effect on 
g ro w th  o f M ycobacterium  X  p ro p an e  was th e  fa c to r  responsib le  r a th e r  th a n  the  
m in u te  am o u n ts  of m e th a n e  a n d  e th an e  im purities.

T he s tra in s  of m y c o b a c te ria  w hich were grow n on p ro p an e  also grow  on 
te tra d e c a n e , as rep o rted  b y  L u k in s  and  F o ste r [7]. M ycobacterium  X  grow s p re ­
fe ren tia lly  on te tra d e c an e  en rich ed  w ith  p ropane .

L uk ins and  F o s te r  [7] s ta te d  th a t  “ th e  ev idence  is overw helm ing  th a t  
an  a ff in ity  for h y d ro ca rb o n s is a generic p ro p e rty  o f  th e  m yco b ac te ria  re g a rd ­
less o f  origin or cu ltiv a tio n  h is to ry ” . The c u ltiv a tio n  o f M ycobacterium  X  from  
M . leprae in fected  tissues in  a m ed ium  enriched w ith  p ro p an e  an d  te tr a d e c a n e  
is fu r th e r  exp erim en ta l ev idence  reg ard in g  th e  special a p p e tite  of m y co b ac te ria  
for hyd ro carb o n s.

Several s tra in s o f m y co b ac te ria  w hich grow  on h y d ro ca rb o n s  also grow  
a u to tro p h ic a lly  on H 2 a n d  CO., [7]. H ost grow n M . leprae also has som e a u to ­
tro p h ic  ch a rac te ris tic s , a lth o u g h  n o t an  a u to tro p h  p er se [8].

I t  is know n th a t  g ro w th  o f b a c te ria  occurs in m in era l sa lt so lu tio n s in  th e  
p resence  of m inu te  c o n c e n tra tio n s  o f gaseous h y d ro ca rb o n s . F o r p ra c tic a l p u r ­
poses th e  ex ac t c o n cen tra tio n  o f  p ro p an e  dissolved in  th e  p ro p an e  m ed iu m  was 
n o t e s tim a ted  in th e  e x p e rim e n ts  p resen ted . The p ro p a n e  co n c e n tra tio n  w as, 
how ever, suffic ien t to  s tim u la te  g row th  of M ycobacterium  X . R esu lts  n o t  p re ­
sen ted  in th is  co m m u n ica tio n  h a v e  show n th a t  for c u ltiv a tio n  of M ycobacterium  
X  in  th e  su bcu ltu res sim ple com m ercial “ p ro p a n e ”  fuel co n ta in in g  over 15%  
im p u ritie s  can be used  ju s t  as well as th e  99%  p u re  p ro p an e  gas.

Since th e  d iscovery  o f th e  lep rosy  bacillus a g re a t n u m b er o f s tra in s  of 
m y co b ac te ria  have been c u ltiv a te d  from  leprosy  specim ens. W ith o u t ex cep tio n  
all o f th e m  grow on L öw enste in  Jen sen  and  in D ubos m ed ia. M ycobacterium  X  
is th e  on ly  one th a t  does n o t grow  on m edia w hich su p p o rt g row th  of cu ltiv a b le  
m y co b ac te ria . A lthough  M ycobacterium  X  was c u ltiv a te d  from  leprosy  in fec ted  
tissu es  in  special m edia an d  u n d e r  special physica l cond itio n s, an d  th e  cu ltu re s  
p ro d u ce  disease iden tica l to  M . leprae in th e  foot p ad s o f m ice, th e  re su lts  are 
n o t conv incing  enough to  c la im  th e  successful cu ltiv a tio n  o f M . leprae.
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PROPANE AND TETRADECANE AS CARBON 
SOURCES FOR IN VITRO CULTIVATION OF 
MYCOBACTERIUM LEPRAEMURIUM IN A 

LIQUID MEDIUM
(A P R E L IM IN A R Y  CO M M U N IC A TIO N )

L. K a t o
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T h ree  s tra in s  of h o st grow n Mycobacterium lepraemurium  and  five stra ins o f Mycobacte­
rium lepraemurium, grow n on egg yo lk  m edium , w ere in o cu la ted  in to  p ro p a n e -te tra d e c a n e  
m edia. T he m ed ia  con ta in ed  in  one l itre  d istilled  w a te r : K E L P O ,, 7 g, N a 2H P 0 4, 0.5 g, 
(N H 4)2S 0 4, 2 g, M g S 0 4, 0.1 g, ferric  am m onium  c itra te , 20 m g, and  y eas t e x tra c t (D ifco), 0.1 g. 
T e trad ecan e  0.1 m l was ad ded  to each  tu b e  co n ta in ing  20 m l o f th e  m edium . M edia w ere s te r iliz ­
ed in the au to c lav e . Follow ing in o cu la tion  w ith  th e  bacilli, th e  cu ltu res were bubbled  a se p tica lly  
w ith 99%  p u r i ty  p ro p an e  gas for 10 s. W hen in cu b a ted  a t 32 °C, logarithm ic  g row th  ra te  was 
coun ted  in th e  cu ltu res . B acilli w ere stro n g ly  acid-fast. G ro w th  occurred  a t  th e  in te rfac e  of 
the  te trad e c an e  oil and w a ter as a th in  weil, developing in to  a one to  th ree  m illim e te r th ic k  
em ulsion in tw o  to  th ree  m on ths. C ultu res were tran s fe rre d  in to  fresh  m edia a t  tw o to  th re e  
m o n th  in te rv a ls . G row th  p a tte rn  in  th e  sub cu ltu res  w ere ind is tin g u ish ab le  from  th e  g ro w th  
in the p rim a ry  cu ltu res . T he cu ltu res  did not grow on L öw enste in  Jen sen  or in D ubos m ed ia , 
b u t  p roduced  th e  ch ara c te ris tic  disease of m urine  lep rosy  w hen  in jec ted  su b cu tan eo u sly  in to  
mice. B acilli iso la ted  from  the  su b cu tan eo u s leprom as of m ice were again  cu ltivab le  in th e  p ro ­
p a n e - te tra d e c a n e  m edium , b u t  n o t on L öw enstein  Jen sen  o r in  Dubos.

O gaw a a n d  M oto inura [1] rep o rted  th e  c u ltiv a tio n  o f M ycobacterium  
lepraem urium  on  egg yo lk  m ed ium . This fin d in g  w as con firm ed  by K oseki e t al. 
[2], Mori [3], K a to  et al. [4] an d  b y  P a t ty n  a n d  P o rtae ls  [5]. A tte m p ts  w ere 
m ade to  c u ltiv a te  M . lepraem urium  in a chem ica lly  w ell-defined m ed iu m . 
C u ltiv a tio n  o f M . lepraem urium  in a liqu id  m ed iu m  con ta in ing  p ro p an e  a n d  
te tra d e c a n e  will he rep o rted  in th is  paper.

M ateria ls and m ethods

Microorganisms. T he follow ing in v ivo  grown M . lepraemurium  s tra in s  were used : 1. the  
H aw aiian  s tra in  w as o b ta in ed  from  Dr. O. K . Skinsnes, U n iv e rs ity  of H aw aii; 2. the  K u ru m e  
s tra in  a n d  3. th e  O dessa s tra in  were o b ta in e d  from  D r. K . K o h sak a , O saka U n iv ersity , J a p a n .

T hese w ere m ain ta in ed  by serial tran sm iss io n  in  Swiss albino mice. T he a se p tica lly  
rem oved  su b c u tan e o u s  lep rom a w as w ashed in  d istilled  w a te r  and  hom ogenized in  a P o t t e r -  
E lv eh jem  hom ogenizer to o b ta in  a 10%  (w /v) suspension. T h is  w as cen trifuged  for one m in u te  
a t  1000 rp m . T he sed im en t was d iscarded . T he su p e rn a ta n t w as cen trifuged  for 10 m in a t 6000 
rpm . T he s u p e rn a ta n t  was d iscarded  and th e  sed im en t w as d ilu te d  w ith  the basal m ed iu m  to 
o b ta in  5 x  107 acid -fas t bacilli per one ml suspension.

L aszlo K ato

The Salvation Army Catherine Booth H ospital Centre 
4373 M ontclair A venue, M ontreal, Canada H4B 2J5
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T h e  follow ing in  v itro  g ro w n  s tra in s  of M. lepraemurium  were used: 1. th e  K u ru m e  s tra in  
3 rd  su b c u ltu re ; 2. the  O dessa s tra in  7 th  su b cu ltu re ; 3. th e  M anitoba ea t s tra in  7 th  su b c u ltu re ; 
1 -3  w ere  c u ltiv a ted  in o u r la b o ra to ry  on Ogawa egg y o lk  m edium  from  su b cu tan eo u s  m urine  
le p ro m a ta  from  mice; 4. H a w a iia n  s tra in  5 th  su b c u ltu re ; 5. F u k u o k a  s tra in  2 3 th  su b c u ltu re ; 
4 -5  w e re  o b ta in ed  from  D r. K . K o h sak a  on egg y o lk  m edium .

A  loopful of the  fo u r-m o n th -o ld  heavy  g ro w th  w as rem oved  from  th e  su rface  o f th e  egg 
y o lk  m ed iu m  and hom ogenized w ith  a P o tte r -E lv e h je m  hom ogenizer in the  b asa l m edium . 
T h e  su sp en s io n  was d ilu ted  w ith  th e  sam e m edium  to  c o n ta in  5 X 107 cells pe r one ml suspension.

Culture media. A liq u id  m ed iu m  co n ta in ing  d isso lved  p ropane gas and  te tra d e c a n e  was 
u sed . P re p a ra tio n  of the  m ed iu m  an d  estim ation  of g ro w th  were described in a p rev io u s com ­
m u n ic a tio n  [6 |.

Incubation and criteria fo r  grotvth. E ach  tu b e  co n ta in in g  20 ml m edia was in o cu la te d  w ith  
0.5 m l o f  th e  suspension c o n ta in in g  in v ivo or in  v i tro  g row n M. lepraemurium , re sp ec tiv e ly . 
L ö w e n s te in -Je n se n  and D u b o s m ed ia  were sim ila rly  in o cu la ted . C ultures w ere in c u b a te d  a t 
32 °C. C u ltu re s  in  liquid m edia  w ere shaken w ith  a V o rte x  hom ogenized for 10 s tw ice  weekly.

M u ltip lica tio n  of ac id -fa s t bacilli in th e  c u ltu re s  w as tak en  as th e  c rite rio n  o f  g row th . 
S m e a rs  on  siliconized slides w ere  d ried  a t  least 20 h. F ix a tio n  was achieved over flam e . P re p a ra ­
tio n s  w ere  s ta in ed  by  th e  Z ieh l-N ee lsen  m ethod.

A n im a l inoculation. A d u lt  fem ale  Swiss a lb ino  m ice w eighing 25 g were in o cu la te d  sub­
c u ta n e o u s ly  w ith  suspensions o f in  v itro  grow n cu ltu re s . E a c h  m ouse received 106 ac id -fa s t cells 
in  0 .5  m l b asa l m edium .

Results

P rim ary  cultures in  the propane-tetradecane m edium . T he in  v ivo  grow n 
M . lepraem urium  bacilli, in o cu la ted  in to  th e  liq u id  p ro p an e -te trad ecan e  m edia, 
a c c u m u la te d  w ith in  a few' day s a t th e  su rface  o f th e  m edium . W ith in  one to 
th r e e  w eeks a w hitish  veil developed  close to  th e  surface of th e  m ed iu m , giving 
th e  im p ressio n  of a fine  em ulsion  w ith  th e  sm all am o u n t of te tra d e c a n e  f lo a tin g  
on  th e  su rface . W ith  th e  progression  of th e  age o f th e  cu ltu res, th is  w h itish  veil 
in c re a se d  in  volum e in to  a d isklike dense em ulsio n  reaching  m ax im a l g row th  
in  o n e  to  th ree  m onths. C om plete  ho m o g en iza tio n  of the  surface grow th  w as not 
a c h ie v e d  even a fte r v igo rous shak ing  w ith  th e  V o rtex  hom ogenizer. M icroscopic 
e x a m in a tio n  of the  cu ltu re s  confirm ed th a t  th e  progressively  a d v an c in g  surface 
g ro w th  consisted  of m asses of acid -fast bacilli. F igure 1 show s ev idence  of 
g ro w th  in  th e  p rim ary  c u ltu re s  of th e  F o k u o k a , K urum e, O gaw a a n d  H aw aiian  
s t r a in s  o f M . lepraem urium  in  p ro p a n e - te tra d e c a n e  m edium . As p rev io u sly  
d e sc r ib e d , a sim plified c o u n tin g  m eth o d  w as u sed , showing n u m b er o f  cells per 
s q u a re  m illim eter o f m icroscopic  field . A fte r  a  la te n c y  period of less th a n  eight 
d a y s , th e  grow th ra te  o f  m u ltip lica tio n  w as logarithm ic .

T h e re  were sligh t d ifferences in  th e  la te n c y  period  and  g row th  ra te  of the  
d if fe re n t s tra in s. I t  d id  n o t, how ever, becom e ev id en t w heth er th is  w as due to  
th e  p e rc e n ta g e  of v ia b ili ty  o f th e  in o cu la ted  cells or a genetic  c h a ra c te ris tic  
o f  th e  d iffe ren t s tra in s.

F ig u re  1 shows t h a t  th e  fa s te s t g ro w th  ra te  was co u n ted  w ith  th e  
H a w a iia n  s tra in , w'hile th e  F o k u o k a  s tra in  show ed  a considerab ly  slow er g row th  
r a te  w ith  th e  Odessa a n d  K u ru m e  s tra in s  in  o rd e r of increasing  g ro w th  ra te . 
N o c o u n tin g  was p e rfo rm ed  w ith  th e  M an ito b a  c a t leprosy s tra in  because  of 
h e a v y  clum ping  of th e  cells w ith  grow ing cu ltu re s .
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Subcultures in  the propane-tetradecane media. In  tw o to  th re e  m o n th s, 
th e  su rface  g row th  o f  th e  p rim ary  c u ltu re s  reach ed  a thickness o f 1 to  2 m m . 
A t th is  tim e  th e  p rim a ry  cu ltu res w ere tra n s fe rre d  in to  fresh p ro p a n e —te tra -

Fig. 1. G ro w th  of p rim ary  cu ltu res  o f the  F o k u o k a , K u ru m e , O gaw a and th e  H a w a iia n  s tra in s  
of M . lepraem urium  in p ro p a n e -te tra d e c a n e  m ed iu m . N u m b er o f cells is expressed  as average  

n u m b er o f acid -fast bacilli in a 1 cm 2 field  o f a Zeiss n e t m icrom eter eyepiece

decane m ed ium . T he p rim a ry  cu ltu res  w ere  sh ak en  for 15 s w ith  th e  V o rtex  
hom ogenizer, th e n  2 m l o f  th e  cu ltu re  w as tra n s fe rre d  in to  20 m l of fre sh  s terile  
m ed ium . A fte r th e  tra n s fe r  bub b lin g  w ith  p ro p a n e  gas was p erfo rm ed . T he 
g row th  ch a rac te ris tic s  in  th e  su b cu ltu res  w ere th e  sam e as in th e  p r im a ry  cu l­
tu re s ; how ever, th e  la te n c y  g row th  period  w as considerab ly  sh o rte r in  th e  s u b ­
cu ltu res. F igu re  2 i l lu s tra te s  the  g row th  r a te  o f  th e  p rim ary  an d  fo u r th  s u b ­
cu ltu res o f th e  H aw aiian  s tra in  of M . lepraem urium . I t  seems th a t  w ith  a d a p ta ­
tio n  to  th e  p ro p a n e - te tra d e c a n e  m edium  th e  g row th  ra te  of th e  fo u r th  su b ­
cu ltu re  is som ew hat fa s te r  th a n  of th e  p r im a ry  cu ltu re .

D ifferences in  th e  gow tli ra te  o f th e  in  v itro  grow n M . lepraem urium  
s tra in s  rem ain ed  c h a rac te ris tic a lly  d iffe ren t fo r th e  four in v itro  grow n s tra in s  
in w hich co u n tin g  w as m ade . All s tra in s  e n u m e ra te d  in  the  M ateria ls sec tio n  
are notv reg u la rly  tra n sfe rre d  a t  tw o to  th re e  m o n th  in tervals.
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A d a p ta tio n  fro m  egg y o lk  m edium  to p ro p a n e—tetradecane m edium . T he f iv e  
in  v i t ro  grow n M . lepraem urium  cu ltu res w ere tra n s fe r re d  from  th e  O gaw a egg 
y o lk  m ed ia  in to  th e  p ro p a n e - te tra d e c a n e  m ed ia  as  described in th e  M ateria ls

Weeks

F ig . 2. L o g arith m ic  g ro w th  r a te  of th e  p rim ary  ( # )  a n d  th e  fo u rth  ( ■ )  su b cu ltu res  p lo t te d  
a g a in s t  tim e  in  weeks o f th e  H aw a iian  s tra in  o f V?. lepraem urium  in p ro p a n e - te t ra d e c a n e

m edium

sec tio n . As in th e  c u ltu re s  o b ta in ed  from  in  v iv o  grow n bacilli, g ro w th  d ev e l­
o p ed  on  th e  su rface  o f th e  p ro p a n e - te tra d e c a n e  m ed ia  w hen bacilli w ere t r a n s ­
fe r re d  from  egg y o lk  m ed ia  in to  th e  liq u id  p ro p a n e -te tra d e c a n e  m edium ^ 
D e p en d in g  on th e  s tra in s , th e  la té i cy perio d  ra n g e d  from  one to  tw o w eeks an d  
v a r ia t io n s  occu rred  in  th e  g row th  ra ts . T he O g aw a grown cu ltu res, a d a p te d  to  
th e  p ro p a n e - te tra d e c a n e  m edium , are now  tra n s fe r re d  a t tw o to  th ree  m o n th  
in te rv a ls  in to  fresh  p ro p a n e - te tra d e c a n e  m ed ia . T he grow th c h a ra c te r is tic s  
re m a in e d  c o n s ta n t in  th e  f if th  su b cu ltu res, w h ich  are now being growm.

N o growth in  the control cultures. N one o f  th e  p rim ary  cu ltu res or su b c u l­
tu re s  grew  on Löw ^enstein-Jen sen  or D ubos m ed ia  during th e  th re e -m o n th  
in c u b a tio n  period  a t  32 ° o r 37 °C. No g ro w th  w as observed in  p r o p a n e - te t r a ­
d ecan e  m edia in o cu la ted  w ith  heat-k illed  b ac illi.
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A n im a l inoculations. One m on th  a fte r  su b cu tan eo u s  inocu la tio n  w ith  
suspensions o f 10° ac id -fa s t bacilli p repared  from  th e  f if th  su b cu ltu re  o f  th e  
H aw aiian  s tra in , a sm all g ro w th  was p a lp ab le  a t  th e  site  o f th e  in o cu la tio n . 
This increased  in  size an d  reach ed  an  average  o f 12 X  12 X 6 m m  in  n ine  o u t of 
ten  m ice, w hen rem oved  a t  n ecropsy  th ree  m o n th s  fo llow ing inocu la tion . M icro­
scopic ex am in a tio n  o f th e  g ran u lo m a  show ed h is tio cy tic  invasion , load ed  w ith  
ac id -fast bacilli. Few  ac id -fa s t bacilli were fo u n d  in  th e  liver, spleen an d  a d ja ­
cen t ly m p h  nodes. T he h o st response to  th e  in je c te d  cu ltu re  was in d is tin g u ish ­
ab le from  th e  changes o bserved  following in je c tio n  o f M . lepraem urium  t r a n s ­
ferred  from  m ice to  m ice. B acilli sep a ra ted  b y  p a r t ia l  p u rifica tio n  from  m ice 
a t necropsy  w ere in o c u la te d  on L ö w en ste in -Je n se n  an d  in  D ubos m ed ia . 
No g row th  w as o b serv ed  d u rin g  tw o m o n ths o f in c u b a tio n  a t 37 °C. In  th e  
p ro p a n e - te tra d e c a n e  m ed ia  th e  bacilli sep a ra ted  from  m ice m u ltip lied  a t  32 °C 
a t a r a te  co m p arab le  to  th o se  show n in Fig. 1.

Di scussion

T he special a p p e tite  o f  m y co b ac te ria  fo r h y d ro c a rb o n s  [7-9] an d  th e  th e o ­
re tica l b a ck g ro u n d  o f th e  ex p erim en ts  p re sen ted  in  th is  com m unica tion  has 
been described  re c e n tly  [6, 10-12]. P ro p an e  w as in c o rp o ra te d  in to  th e  m ed ium  
used for c u ltiv a tio n  of M . lepraem urium  because  L u k in s  an d  F o ste r [9] h a v e  
show n th a t  som e m y co b ac te ria  grow  on p ro p a n e  as sole source o f carbon . 
F u r th e r , it was found  th a t  in  m edia  con ta in ing  p ro p a n e , s tra in s  of m y co b ac te ria  
w ere reg u la rly  cu ltiv ab le  from  M . leprae in fec ted  h u m an  and  a rm adillo  t is ­
sues [6].

T he follow ing e x p e rim e n ta l evidence is o ffered  to  su p p o rt th e  d esigna tion  
o f th e  c u ltiv a te d  s tra in s  as M . lepraem urium .

F rom  h ost-g row n  an d  a u th e n tic  in v itro  g row n suspensions of M . leprae-  
m urium  cu ltu res  o f id e n tic a l g row th  p a tte rn  w ere o b ta in ed  in a chem ically  
w ell-defined liq u id  m ed ium . A special m edium  w ith  th e  d im e th y la te d  ca rb o n  
sources p ro p an e  an d  te tra d e c a n e , w as requ ired  to  ach ieve  logarithm ic  m u ltip li­
ca tio n  of th e  in o c u la te d  cells. T he cu ltu res d id  n o t g row  on L ö w en ste in -Je n se n  
or in D ubos m edia. T h ree  m o n th s  a fte r  su b cu tan eo u s  in o cu la tio n  of a la te  s u b ­
cu ltu re , m ice developed  lesions w hich w ere id en tica l to  tho se  o b ta in ed  o rig ina lly  
from  th e  host-g row n  an d  in  v itro  grown suspen sio n s o f M . lepraem urium . 
Bacilli sep a ra te d  from  th e  m u rin e  lep ro m ata  w ere a g a in  cu ltiv ab le  in p ro p a n e -  
te tra d e c an e  m edia, b u t  n o t on Löw enstein or in  D ubos m edia.
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NATURAL ANTIBODIES TO SIMIAN TYPE-C 
VIRUSES AND HUMAN RETROVIRUS HTLV IN 

PATIENTS WITH LYMPHOID MALIGNANCIES
F . D. T ó t h , В. S z a b ó , L. V á c z i , A. K iss , I . K o v á c s , К . R á k , C s . K i s s  and

R .  C . G a l l o

Institute o f Microbiology, Second Department o f Medicine, and Department o f Paediatrics, 
University Medical School, Debrecen, Hungary, and Laboratory o f Tumor Cell Biology, 

National Cancer Institute, Belhesda, M D , USA

(R eceived  S ep tem ber 6 , 1983)

B lood p lasm a  sam ples from  a d u lt p a tie n ts  an d  c h ild ren  w ith  m alig n an t ly m p h o p ro  i t ­
e ra tiv e  d iseases w ere s tud ied  fo r p resence of an tib o d ies to  p r im a te  type-C  v iru se s  b y  m em b ran e  
im m unofluorescence. A n tib o d ies to  baboon  endogenous v iru s  cou ld  be d e tec ted  in  v a r io u s  ty p es  
of ly m p h o id  leukaem ias and  ly m p h o m as. G ibbon ape leu k aem ia  virus-specific  a n tib o d ie s  w ere 
m ain ly  fo u n d  in  B- and  О -cell leu k aem ias and  ly m p h o m as. A nti-H T L V  a n tib o d ies  cou ld  be 
de tected  o .d y  in <> few  cases o f T-cell m alignancy . T h ere  w as no evidence o f a h o rizo n ta l t r a n s ­
m ission  o f such  v iruses.

T he recen t d ev e lo p m en t o f con tin u o u sly  g row ing  cell lines from  p a tie n ts  
w ith  leu k aem ia  an d  ly m p h o m a  has led to  re p o r ts  on th e  occurrence o f r e t ro ­
v iruses in  som e o f th em  [1 -3 ]. M ost o f th ese  iso la tes  were closely re la te d  to  
p rev io u sly  iso la ted  type-C  p rim a te  v iruses [1, 2]. H ow ever, re tro v iru s  p a rtic le s  
d e tec ted  from  cell lines from  p a tie n ts  w ith  h is tio cy tic  lym phom a [3] a n d  ty p e-C  
sim ian  v iru ses show ed s ig n ifican t differences [4]. H u m an  T-cell leu k aem ia /ly in - 
phom a v iru s  (H TLV ) w as th e  f irs t re tro v iru s  co n sis ten tly  to  he iso la ted  from  
p a tie n ts  w ith  a specific d isease [5, 6]. H TLV  is n o t  re la te d  to  an y  o f th e  know n 
an im al re tro v iru se s  by  an tig en ic  te s t  of s tru c tu ra l  p ro te in s  [7] or b y  n u c leo tid e  
sequence hom ology  [8]. H T L V  is an  exogenous re tro v iru s , h u t serum  an tib o d ie s  
a p p a re n tly  d irec ted  a g a in s t H T L V  have been d e m o n s tra te d  in no rm al su b je c ts  
in th e  endem ic regions [9, 10].

In  th e  p re se n t w ork  we re p o rt th e  re su lts  o f  a serological s tu d y  on th e  
presence a n d  d is tr ib u tio n  o f an tib o d ies  d irec ted  to  sim ian  type-C  v iru ses a n d  
H TLV  in H u n g a ria n  p a tie n ts  w ith  m a lig n an t ly m p h o p ro lifé ra tiv e  d isease.
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M aterials and m eth od s

Cell cultures and their maintenance. The cell c u ltu re s  used  orig inated  from  th e  follow ing 
so u rces . T h e  established h u m an  cell line  NC-37 a n d  th e  NC-37 cells in fected  w ith  g ib b o n  ape 
le u k a e m ia  v iru s  (GaLV), th e  h u m a n  cell line A-204 an d  th e  A-204 cells in fec ted  w ith  th e  M7 
s t r a in  o f  b ab o o n  endogenous v iru s  (B aE V ) were k in d ly  su p p lied  by  th e  Office o f L ogistics and 
B e so u rc es  o f th e  N a tional C ancer In s t i tu te  (B e th esd a , M D, USA). The H T L Y -producing  
H L T 1 0 2  cell line [5] has been e s tab lish e d  in the  L a b o ra to ry  of T um or Cell B iology (N a tio n a l 
C a n ce r I n s t i tu te ,  B ethesda, M D, T3SA). T h e  cell cu llu res  w ere m ain ta in ed  in  R P M I 1640 m ed i­
u m  c o n ta in in g  10%  feta l ca lf se ru m  (G ibco B io-C ult. L td .,  Pa isley , Scotland). T he suspended  
c u ltu re s  w e re  incu b a ted  a t  37 °C in  a n  a tm osphere  co n ta in in g  5 %  C 0 2 a t 80%  re la tiv e  h u m id ity .

Blood plasma samples. F re sh  heparin ized  b lood  w as cen trifuged  and th e  p lasm a  d ecan ted  
a n d  s to re d  a t  —70 CC u n til  used .

Indirect membrane immunofluorescence. T he cell suspension  to  be used  co n ta in ed  a t  least 
9 0 %  v ia b le  cells, as de term ined  b y  th e  try p a n  blue exclusion  te s t. As ta rg e t cells, B aE V -in fected  
A -204 , G aL V -infected  NC-37 a n d  H L T  102 cells w ere  u sed . T he un in fec ted  A-204 a n d  NC-37 
cells a n d  con-A  stim u la ted  n o rm a l h u m an  T  ly m p h o cy tes  [11] were used as co n tro ls . F o r the  
a ssa y , 50 p i  o f  each p lasm a sam p le  d ilu ted  in  P B S  w ere in cu b a te d  w ith  106 ta rg e t  cells. A fter 
in c u b a t io n  a t  37 °C for 30 m in  th e  cells w ere w ashed  th re e  tim es w ith  PB S. 50 p \ o f g o a t a n ti­
h u m a n  Ig G  conjugated  w ith  F IT C  (H y la n d , C osta M esa, CA, U SA) and a p p ro p ria te ly  d ilu ted  
in  P B S  w ere  added  and the  cells w ere  in cu b a ted  again  a t  37 °C fo r 30 m in. The cells w ere w ashed 
th re e  t im e s  in PB S and su sp en d ed  in  50 pi of P B S  fo r m icroscopic ex am ination . T itre s  reflect 
th e  p la s m a  d ilu tion  a t  w hich 5 0 %  of ta rg e t  cells fluo resced  m arkedly .

R esults

1. A ntibodies to B a E V , G a L V  and H T L V  in  p la sm a  sam ples o f  adults with  
acute lym p h o id  leukaemia ( A L L ) .  P lasm a sam p les  from  18 p a tie n ts  w ith  p ro ­
g re ss iv e  stag e  A LL w ere te s te d  (Table I). A n ti-B a E V  an tibod ies could  be  d em ­
o n s t r a te d  in  sam ples of sev en  p a tie n ts  w ith  T -cell A L L  an d  of one p a t ie n t  w ith  
О -cell A L L . A nti-G aLY  an tib o d ie s  w ere p re se n t in  th e  p lasm a o f one p a tie n t  
w i th  T -ce ll A LL and  of tw o  p a tie n ts  w ith  О -cell A L L . A ntibodies to  FITLY were 
fo u n d  in  one sam ple from  a  p a tie n t  w ith  T -cell A LL.

2. A n ti-B a E V , a n ti-G a L V  and a n t i -H T L V  antibodies in  p la sm a  sam ples 
fr o m  adu lts  w ith chronic lym p h o id  leukaem ia ( C L L )  or lym phom a. T h e  resu lts  
fo r 4 p a tie n ts  w ith  CLL a n d  8 p a tie n ts  w ith  ly m p h o m a are  su m m arized  in 
T a b le  I I .  A ll th e  p a tie n ts  w e re  in  th e  p rogressive  stag e  of th e  disease a t  th e  tim e  
o f in v e s tig a tio n . In  four ly m p h o m a  p a tie n ts  tu m o u r  cells have  ap p e a re d  in  th e  
p e r ip h e ra l  blood, w hile in  th e  o th ers  such  cells w ere absen t. A n ti-B aE V  a n t i ­
b o d ie s  co u ld  no t be d e te c te d  in  an y  of th e  p a tie n ts . A nti-G aL V  a n tib o d ie s  were 
d e m o n s tra te d  in th e  p la sm a  o f tw o  p a tie n ts  w ith  CLL an d  of one p a t ie n t  w ith  
В -cell ly m p h o m a. A n ti-H T L V  an tibod ies w ere fo u n d  in  one p a tie n t w ith  T-cell 
ly m p h o m a .

I n  th e  contro l g roup  o f  87 h e a lth y  a d u lts  an tib o d ies  to  B aE V  w ere d e te c t­
ed  in  tw o  cases, in  v e ry  low  (1 : 4) t i tre  w hile an tib o d ies  to  GaLV a n d  H T L V  
w ere  n o t  found  in any . P la sm a  sam ples from  close fam ily  m em bers o f 5 p a tie n ts  
w ith  ly m p h o id  leukaem ia  o r  ly m p h o m a p ro v e d  to  be consequen tly  n e g a tiv e  for 
p re se n c e  o f antibodies to  s im ia n  oncoviruses an d  H TLV . C ontrol sam p les  w ith
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un in fec ted  A-204 an d  NC-37 cells and  con-A  s tim u la te d  norm al h u m a n  T  ly m ­
phocy tes also gave n eg a tiv e  resu lts.

3. A ntibodies to B a E V , G a L V  and H T L V  in plasm a samples o f  children  
with progressive stage A L L  or lym phom a. T ab le  I I I  shows th e  re su lts  fo r 16 
ch ild ren . A m ong th o se  w ith  A LL, a n tib o d ie s  to  B aEV  were found  in  tw o  chil-

Table I

A n ti-B a E V , a n ti-G a L V  and a n ti-H T L V  antibodies in the blood plasma o f adult p a tien ts  with
acute lym phoid leukaem ia

389

No.

P atient Periph eral leukocytes Antibody titre

age (yrs) 0/1 blast % anti-BaEV anti-GaLV an ti-H T L V

l 19 T 3.7 0 0 0 0
2 29 T 4.3 0 8 0 0
3 34 T 4.7 4 0 16 0
4 25 T 3.8 0 8 0 0
5 16 T 300 95 32 0 0
6 18 T 16 24 0 0 0
7 14 T 3.6 0 0 0 3 2
8 29 T 100 0 32 0 0
9 47 T 25 96 16 0 0

lo 38 T 18 A 8 0 0
11 42 T 3.2 0 0 0 0
12 52 T 34 78 0 0 0
13 42 T 12 2 0 0 0
14 16 1’ 4 .8 14 16 0 0

15 16 0 100 89 32 16 0
16 32 0 25 43 0 0 0
17 17 0 18 80 0 0 0
13 32 0 32 64 0 16 0

Table II

A n ti-B a E V , an ti-G a L V  and a n ti-H T L V  antibodies in  the blood plasma o f adult p a tien ts  w ith  
chronic lym phoid leukaemia (C L L )  and lymphoma

P atien t Peripheral leu k o cy tes  A ntibody titre

D iagnosis Cell type
No. aPo

(yrs)
O /l b last % anti-BaEV ant -GaLV anti-HTLV

1 76 CLL 13 46 l 0 16 0
2 56 CLL 13 30 15 0 8 0
3 78 CLL 13 52 2 0 0 0
4 61 CLL 13 39 3 0 0 0

5 49 lympho ma 13 normal 0 0 0
6 46 lymphoma T 3 .5 0 0 0 32
7 48 lymphoma 13 normal 0 0 0
8 52 lymphoma 13 normal 0 0 0
9 50 lymphoma 13 4 .8 1 0 0 0

10 55 lymphoma Lennert 6 14 0 0 0
11 46 lymphoma 13 5 .6 0 0 8 0
12 47 ly ni])ho in a Hodgkin normal 0 0 0
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Table III

A n ti - B a E V , a n ti-G aL V  and a n ti-H T L V  antibodies in  the blood plasm a o f children with progressive 
stage acute lym phoid  leukaemia ( A L L )  and  lymphoma

P a tie n t

D iagnosis Cell typ e

Peripheral leuk o cy tes A ntibody titre

N o. age
(yrs)

G /l b la st  % anti-BaEV anti-GaLV an ti-H T L V

l 8 ALL T 4.5 0 4 0 16
2 5 ALL T 245 90 0 0 0
3 12 ALL T 5.6 34 8 0 0
4 7 ALL 0 2.8 10 0 0 0
5 5 ALL 0 1.8 2 8 0 0
6 9 ALL 0 5.6 34 8 4 0
7 9 ALL 0 4.3 15 0 8 0
8 11 ALL 0 26.4 96 0 0 0
9 14 ALL 0 4.8 30 0 0 0

10 13 ALL 0 1.6 0 0 0 0
11 5 ALL 0 5 2 0 0 0
12 12 ALL 0 4 0 16 4 0

13 7 NHL n.c. 3.4 0 0 0 0
14 10 NHL в 3 0 16 8 0
15 4 HL — 4.5 0 0 0 0

16 12 HL — 5.2 0 0 0 0

N H L =  non-Hodgkin lymphoma 
HL =  Hodgkin lymphoma 
n.c. =  not characterized

Table IV

A n t i - B a E V , an ti-G aLV  and a n ti-H T L V  antibodies in  the blood plasm a o f children in rem ission  o f  
acute lym phoid  leukaemia and  lym phom a

P a tie n t

D iagnosis

Peripheral le u k o cy te s A ntibody titre

N o. age
(yrs)

Cel\ typ e
G /l b la st  % anti-BaEV anti-GaLV an ti-H T L V

l 4 ALL T 4.5 0 0 0 8
2 3 ALL T 4.8 0 0 0 0
3 5 ALL T 3 0 0 0 0
4 4 ALL 0 3 0 0 4 0
5 15 ALL 0 7.4 0 4 0 0
6 10 NHL n.c. 5.6 0 8 0 0
7 14 HL - 8 0 4 0 0

NHL =  non-Hodgkin lymphoma 
HL =  Hodgkin lymphoma 
n.c. not characterized
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(Iren w ith  T-cell A L L  and  th re e  w ith  О-cell A L L . T h e  p lasm a of th re e  ch ild ren  
\v ith  0  -cell A LL co n ta in ed  an ti-G aL V  an tibod ies. A ntibod ies to  H T L V  could 
be d e tec ted  in  a single o f  T-cell A LL. The p lasm a sam ple of one ch ild  w ith  
В -cell lym phom a co n ta in ed  an tib o d ies  to  b o th  B aE V  an d  GaLV.

4. A n ti-B a E V , a n ti-G a L V  and a n ti-H T L V  antibodies in  p la sm a  sam ples 
o f  children in  remission o f  A L L  or lym phom a. A n tib o d ies  to  B aE V  w ere found  
in  one case of О-cell A L L  a n d  in  tw o  cases o f ly m p h o m a  (T able IV). T he p lasm a 
sam ple  o f one child w ith  О -cell A L L  co n ta ined  an ti-G aL V  an tib o d ies . A nti- 
H T L V  an tibod ies could be  d e te c te d  in th e  p la sm a  of one child  su ffe ring  from  
T-cell A LL.

P lasm a sam ples from  24 h e a lth y  ch ildren  an d  close fam ily  m em bers of 
3 ch ild ren  w ith  m a lig n an t ly m p h o p ro lifé ra tiv e  disease d id  no t c o n ta in  a n t i ­
bodies to  B aE V , GaLV or H T L V . C ontrol sam ples p ro v ed  to  he n eg a tiv e .

Discussion

T he p resen t resu lts  in d ic a te  th a t  an tibod ies to  type-C  p rim a te  re tro v iru se s  
m a y  he p resen t in th e  b lood  p lasm a of p a tie n ts  w ith  lym pho id  m alig n an cy . 
T here  was, how ever, a d ifference betw een th e  d iffe ren t cell ty p es in th e  specif­
ic ity  o f an tibod ies. A n tib o d ies  to  B aEV  could he d e tec ted  in  v a rio u s ty p e s  of 
ly m p h o id  leukaem ia, ly m p h o m a  an d  ra re ly  in  h e a lth y  sub jec ts . G aL V -specific  
an tib o d ies  were found m ain ly  in B- and  О-cell leu k aem ia  and  ly m p h o m a . A nti- 
H T L V  an tibod ies w ere d e te c te d  only in a few cases o f T-cell m a lig n an cy . 
R eliab le  ju d g em en t o f th e  freq u en cy  of an tib o d ies  in  progression  versu s  rem is­
sion w ould  have  req u ired  to  s tu d y  more p a tie n ts  in  rem ission.

In te rp re ta tio n  o f im m unolog ica l and  b iochem ical m ark ers  o f an im al 
re tro v iru se s  found  in h u m a n  n eop lastic  tissues an d  sera has som e d ifficu lties 
[12, 13]. R ecen tly  nucleic acid  sequences re la te d  to  th e  p rov iruses o f A K R  
m u rin e  leukaem ia  v iru s an d  B aE V  have been d e te c te d  in p re p a ra tio n s  o f  h u m a n  
D N A  frag m en ts , b y  a h ig h ly  sensitive  an d  specific  m eth o d  [14]. P resen ce  of 
an tig en s cross-reacting  w ith  p30 and  ca rb o h y d ra te -frce  gp70 o f B aE V  and  
sim ian  sarcom a virus w as d e m o n s tra te d  in h u m a n  leukaem ias b y  th e  E L IS A  
te c h n iq u e  [15]. These re su lts  a re  su p p o rted  by th e  p re se n t find ings from  a n o th e r  
p o in t o f view , viz. m an y  p la sm a  sam ples ex h ib ited  a s tro n g  p re c ip ita tin g  a c tiv ­
i ty  on p l5  and  ca rb o h y d ra te -fre e  gp70 of B aE V  a n d  G aLV  [16]. H ig h -titre  
an tib o d ies  w ere d e tec ted  especia lly  in p a tie n ts  w ith  p o ten tia lly  p re leu k aem ic  
d iso rders.

H TLV  h as been iso la ted  from  several cases o f  cu tan eo u s T-cell ly m p h o m a  
a n d  leu k aem ia  in th e  U n ited  S a tes  [5, 6] and  su b se q u e n tly  from  sev era l cases of 
a d u lt  T -cell leukaem ia in J a p a n  [9, 17]. Nucleic acid  h y b rid iz a tio n  s tu d ie s  have  
id en tif ied  H T L V -rela ted  sequences in th e  D N A  o f fresh ly m p h o b la s ts  from  a
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c h ild  w ith  T-cell A LL [18]. A n ti-H T L V  an tib o d ies  w ere found  in p a tie n ts  w ith  
T -ce ll ly m p h o m a and  le u k a e m ia  and  in n o rm a l su b jec ts  in  th e  v iru s-endem ic  
a re a s  [9, 10]. In  a su rv ey  o f  n o rm a l donors from  o th e r  regions, on ly  tw o  sera 
r e a c te d  positively  w ith  H T L V . B oth  of th em  w ere close re la tiv es  of p a tie n ts  
p o s itiv e  for HTLV [19. 20]. O u r find ing  of H T L V  an tibod ies in som e T-cell 
m a lig n an c ie s  suggests t h a t  H T L V  infection m a y  be associa ted  w ith  th e  occur­
re n c e  o f  leukaem ias an d  ly m p h o m a s . N orm al d o n o rs  an d  close fam ily  m em bers 
o f  p a t ie n ts  had no a n tib o d ie s  to  HTLV. W e su sp ec t th a t  fu tu re  seroepidem io- 
logic s tu d ie s  by h ighly  se n s itiv e  rad io im m unolog ie  m ethods will c la rify  th e  
o rig in  o f  these HTLV in fe c tio n s .

R E F E R E N C E S

1. Gallagher, R. E., Gallo. R. C.: Sciences 187, 350 (1975).
2. N ooter, K., Aaronson, A. M., Bentvelzen, P., de Groot, F. G., Pelt, F. G.: Nature 256,

595 (1975).
3. Kaplan, H. S., Goodenow, R. S., Epstein, A. L. Gartner, S.. Decleve, A., Rosenthal, P. N.:

Proc Natl Acad Sei USA 74, 2564 (1977).
4. Goodenow, R. S., Kaplan, H. S.: Proc Natl Acad Sei USA 76, 4971 (1979).
5. P o iesz , B. J., Ruscetti, F. W ., Gazdar, A. F., Bunn, P. A., Minna, J. D., Gallo, R. C.: Proc

N atl Acad Sei USA 77, 7415 (1980).
6. P oiesz, B. J., Ruscetti, F. W ., Reitz, M. S., Kalyaranaman, V. S., Gallo, R. C.: Nature 294,

268 (1981).
7. R ho, H. M., Poiesz, B. J ., R uscetti, F. W., Gallo, R. C.: Virology 112, 355 (1981).
8. R eitz , M. S., Poiesz, B. J ., R uscetti, F. W., Gallo, R. C.: Proc Natl Acad Sei USA 78,

1887 (1981).
9. Mioyoshi, I., Kubonishi, I., Yoshim oto, S., Akagi, T., Ohtsuki, Y., Shiraishi, Y ., Nagata,

K ., Hinuma, Y.: Nature 294, 770 (1981).
10. B lattner, W. A., Kalyaranaman, Y. S., Robert-Guroff, M., Lister, T. A., Galton, D. A. G.,

Sarin, P. S., Crawford, M. LI., Catovsky, D., Greaves, M., Gallo, R. C.: Int .1 Cancer 30. 
257 (1982).

11. Oppenheim, J. Schecter, B.: In Rose, N. R., Friedman, H. (cds): Manual of Clinical Im­
munology. American Society for Microbiology, Washington DC, 1976. pp 81 94.

12. Barbacid, M., Bologncsi, D ., Aaronson, S. A.: Proc Natl Acad Sei USA 77, 1617 (1980).
13. Snyder. B. W.. Flcissner. !.. : Proc Natl Acad Sei USA 77, 1622 (1980).
14. Martin, M. A., Bryan, T„ Rasheed, S., Khan, A. S.: Proc Natl Acad Sei USA 78, 4892 (1981 ).
15. Hehlmann, R., Schetters, II., Erfle, V.: In Neth, R., Gallo, R. C., Graf, T., Mannweiler, К.,

Winkler, К. (eds): Modern Trends in Human Leukaemia IV. Springer Verlag, Berlin 
1981. pp 530 536.

16. Tóth. F. D., Váczi, L., Szabó, B ., Réthy, A., Rák, К ., Kiss, J., Kiss, A.: Acta Virol 28,
191 (1984).

17. Y oshida, M., Miyoshi, I., H inum a, Y.: Proc Natl Acad Sei USA 79, 2031 (1982).
18. Gallo, R. C., Poiesz, В. R uscetti, F. W.: In Neth, R., Gallo, R. C., Graf, T., Mannweiler,

К ., Winkler, К. (eds): Modern Trends in Human Leukaemia IV. Springer Verlag, Berlin 
1981. pp 502 514.

19. Posner, L. E.. Robert-Guroff, M., Kalyaranaman, V. S., Poiesz, B. J., Ruscetti, F. W.,
Fossieck, B., Bunn, P. A ., Minna, J. D„ Gallo, R. C.: J Exp Med 154, 333 (1981).

20. Kalyaranaman, V. S., Sarngadharan, M. G.. Bunn, P. A., Minna, J. D., Gallo, R. C.:
Nature 294, 271 (1981).

„icla  JVIicrohiologica Hungaricci 31, 1984



Acta Microbiologica Hungarica 31 (4), pp. 393 397 (1984)

TAKE AND GROWTH OF THE TRANSPLANTABLE 
MC29 HEPATOMA IN ALLOGENEIC AND 

XENOGENEIC HOSTS

J .  M i n á r o v i t s , Á g n e s  G y u r i s  and I. F ö l d e s

Microbiological Research Group , N ationa l Institu te  o f  Hygiene , Budapest 

(Received October 6, 1983)

We report here the unexpected biological behaviour of the transplantable MC29 virus- 
induced hepatoma. This neoplasm, originating from an inbred white Leghorn (Duke) chicken, 
is maintained in our laboratory by serial in vivo passages in Hunnia hybrid chickens allogeneic 
to the original host. More than 80% of the tumours developing after subcutaneous inoculation 
of 3 X 106 hepatoma cells into newly hatched chickens grew progressively, while after injection 
of the same number of cells into 7 days old birds regressive tumour growth was observed. 
Transplantation from the allogeneic hosts into 7 days old inbred white Leghorn (Duke) chickens 
also resulted in regression of tumours in the great majority of cases. After inoculation to xeno­
geneic Japanese quails, progressor tumours developed in both two weeks old and adult birds 
with a dramatic increase of the frequency of liver métastasés. Transplantation to another xeno­
geneic host, the turkey, revealed an age-related resistance similar to that of Hunnia hybrid 
chickens.

A ccord ing  to  th e  genetic  th e o ry  o f tra n s p la n ta tio n  fo rm u la ted  b y  L ittle  
and  S tro n g , th e  ou tcom e of an im a l-to -an im a l tu m o u r  tra n sp la n ta tio n  depends 
upon th e  degree of genetic  s im ila rity  b e tw een  th e  g ra fted  tissue and  th e  h o s t [1]. 
A ltho u g h  th e  genetic  ru les of tra n s p la n ta t io n  are  w ell-estab lished , th e re  are  
som e ex cep tio n s: allogeneic as well as xenogeneic  tu m o u r tra n s p la n ts  can  he 
successful u n d e r ce rta in  cond itions. Im p la n ta tio n  to  th e  ch o rioa llan to ic  m em ­
b ran e  o f ch ick  em bryos, in o cu la tion  in to  im m unolog ica lly  in co m p e ten t (fe tu s, 
new born) or im m une-depressed , im m u n e-d efic ien t, im m u n e-to le ran t an im als , 
as well as in jec tio n  in to  im m unologically  p riv ileg ed  sites (b ra in , a n te r io r  c h a m ­
b er o f  eye, h a m s te r  cheek pouch , e tc .) m ay  also allow  th e  grow th of tra n s p la n ts
[2 ] . W e re p o rt here on th e  progressive  g ro w th  o f a chicken h e p a to m a  o f v ira l 
origin in  xenogeneic Jap a n e se  quails n o t a ffec ted  b y  an y  im m unological m a n ip ­
u la tio n . The fac to rs  p e rm ittin g  th is  u n u su a l b io logical behav iour a re  u n k n o w n  
a t  p resen t.

M ateria ls and  m ethods

The transplantable, MC29 virus-induced chicken hepatoma established by Langlois et al.
[3] was maintained by serial in vivo passages in Hunnia hybrid chickens.

The aseptically removed tumours were homogenized with Potter in PBS and the number 
of cells was counted in a haemocytometer. 3 x 1 0 s cells were inoculated under the skin of the
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neck or into the wing web of newly hatched and 7 days old chickens. White Leghorn (Duke) 
chickens originating from an inbred line established at Duke University Medical Center and 
randomly bred Japanese quails and turkeys were transplanted similarly.

Tumour development was monitored by palpation twice weekly. The time taken for 
palpable growth to appear determined the latency period. The tumours were measured in two 
dimensions with calipers. Growth rates are expressed as the increase of the mean tumour dia­
meter per week.

Birds were examined post mortem for overt métastasés. Suspected metastatic foci were 
further examined histologically.

Results

R esu lts  are  su m m arized  in Tables I a n d  I I .  Ino cu la tio n  of З х  10г’ MC29 
h e p a to m a  cells in to  new ly  h a tc h e d  H u n n ia  h y b r id  chickens (allogeneic hosts) 
re su lte d  in  a 95%  ta k e  a f te r  7 days la te n c y  a n d  8 6 .4%  of th e  tu m o u rs  grew  
p ro g ressive ly . A ra p id  local g row th  (m ean g ro w th  ra te : 32 m m  p e r w eek), 
d ev e lo p m en t of la rge  n ec ro tic  tu m o u rs  and  a sh o r t  m ean  su rv ival tim e  (12 days) 
could  h e  observed.

T h e  course o f th e  disease was p ro fo u n d ly  a lte re d  if  7 days old H u n n ia  
h y b r id  chickens w ere in o cu la ted  w ith  th e  sam e  n u m b er of MC29 h e p a to m a  
cells. A fte r  a 7 days perio d  o f  la ten cy  th e  ta k e  w as 78% , h u t th e  m ean  g ro w th  
ra te  (6.7 m m  p er w eek) w as sign ifican tly  slow er th a n  th a t  of th e  tu m o u rs  of 
ch ickens in o cu la ted  on th e  d a y  of h a tch in g . T h e  tu m o u rs  regressed as fa s tly  as 
th e y  h a d  developed.

Table I

Growth characteristics o f  M C 29 hepatoma transplanted fro m  H u n n ia  hybrid chickens into various
hosts

H ost Take
Latency,

days

Mean
grow th

rate
(m m /w eek)

Course of the 
disease

Mean 
survival 

tim e, d ays

Frequency  
o f liver  

m étastasés

1 day old Hunnia hybrid 
chickens

22/23
(95%)

7 32 19 progressor 
3 regressor

12 2/22
(9%)

7 days old Hunnia hybrid 
chickens

18/23
(78%)

7 6.7 18 regressor — —

7 days old white Leghorn 
(Duke) chickens

17/20
(85%)

7 4.3 1 progressor 
16 regressor

19
—

4 days old Duke chickens 11/11 7 16 9 progressor 
2 regressor

— —

14 days old Japanese 
quails

38/45
(84%)

17 11.6 38 progressor 39 20/38
(52.6%)

1 year old Japanese 
quails

13/17
(76.4%)

10 3.2 6 progressor
7 regressor

35 2/6
(33%)

1 day old turkeys 10/10
(100%)

7 13.8 5 progressor 
5 regressor

12 —

7 days old turkeys 0/5 — — — — —
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A sim ilar ta k e  (85% ) and  course could  be observed  in th e  g rea t m a jo r ity  
o f cases a fte r  in o cu la tio n  o f 7 d ay  old in b re d  w h ite  L eghorn (D uke) ch ickens, 
assum ed  to  be th e  closest to  th e  MC29 h e p a to m a  genetica lly . P rog resso r tu m o u r  
developed  only  in  one o u t o f th e  20 in o cu la ted  b irds.

In o cu la tio n  o f 14 days old Ja p a n e se  qua ils  (xenogeneic hosts) re su lte d  
in  a 84 .4%  ta k e  a fte r  a p ro longed  la ten cy  p e rio d  (17 days). The m ean  g ro w th  
(11.6 m m  p er w eek) w as slower th a n  th a t  o f th e  progressor tu m o u rs  d ev e lo p in g  
in H u n n ia  h y b rid  chickens in o cu la ted  on th e  d a y  of h a tch ing , b u t f a s te r  th a n  
th e  g ro w th  o f reg ressor H u n n ia  h y b rid  tu m o u rs . T he m ean  su rv iv a l t im e  w as 
39 day s an d  a m ark ed  increase in  th e  freq u en cy  of liver m é tastasés  (52 .6% ) 
co m p ared  to  th e  allogeneic hosts (9% ) could  be reg istered .

T ra n sp la n ta tio n  o f MC29 h ep a to m a  fro m  H u n n ia  hyb rid  ch ickens to  17 
a d u lt (1 y e a r old) Ja p a n e se  quails re su lted  in  7 reg ressor tum ours a n d  6 slow ly 
grow ing p rog resso r tu m o u rs .

In o cu la tio n  in to  a n o th e r xenogeneic h o s t, th e  tu rk ey , revea led  an  age- 
re la te d  resis tan ce  s im ila r to  th a t  observed  in H u n n ia  h y b rid  ch ickens. P ro g re s ­
sor tu m o u rs  developed  in 5 ou t o f  10 tu rk e y s  tra n s p la n te d  on th e  f irs t  d a y  a f te r  
h a tch in g , w hile in  7 d ay  old b ird s th e  tu m o u r  d id  n o t take . T he h is to lo g ica l 
p ic tu re  of reg ressor MC29 h ep a to m as in  H u n n ia  h y b rid  chickens a n d  tu rk e y s  
resem b led  th a t  o f th e  regressor line 1 gu in ea  p ig  h ep a to carc in o m a d esc rib ed  
b y  D v o rak  e t al. [4]. N ecro tic  tu m o u r m asses w ere su rrounded  b y  c o n n ec tiv e  
tissu e  consisting  m o stly  of fib ro b las ts . A t th e  p e rip h e ry  of th e  tu m o u rs  h e p a ­
to m a  cell is lands w ere in te rsp e rsed  in th e  f ib ro u s  strom a.

T ab le  I I  show s th e  resu lts  o f t ra n s p la n ta t io n  to  various h o sts  o f  MC29 
h e p a to m a  grow n in xenogeneic b irds. In o c u la tio n  o f 1 day  old H u n n ia  h y b rid

Tabic II

Growth characteristics o f  M C29 hepatoma transplanted fro m  Japanese quails or turkeys into varion s
hosts

Source of trans­
planted cells Host Take

Latency,
days

Mean
grow th

rate ,
mm /week

Course of the 
disease

Mean
survival

lim e,
days

F re­
quency 
o f liver 
m éta­
stasés

Sc. tumour of a 
Japanese quail

1 day old Hun­
nia hybrid 
chickens 0/16

Liver metastasis 
of a Japenese 
quail

1 day old Hun­
nia hybrid 
chickens

0/5 — — - — -

Sc. tumour of a 
Japanese 
quail

2 weeks old 
Japanese 
quails

13/18 12 8.2 13 progressor 25 8/13
(61.5%)

Sc. tumour of a 
turkey

1 day old Hun­
nia hybrid 
chickens

15/15
(100%)

7 24 15 progressor 18 0/14
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ch ick en s  w ith  З х  Ю6 cells o f MC29 h e p a to m a  g ro w n  in th e  neck o f a J a p a n e se  
q u a il, o r w ith  th e  sam e n u m b e r of cells from  th e  liver m etastasis  o f a n o th e r  
M C29 h e p a to m a  b ea rin g  Ja p a n e se  quail fa iled  to  ta k e . If, how ever, th e  h e p a ­
to m a s  develop ing  a t th e  s ite  o f inocu la tion  in  J a p a n e s e  quails were tra n s p la n te d  
in to  tw o  w eek old J a p a n e se  quails, p rogressor tu m o u rs  developed a fte r  12 days 
la te n c y  in  72.2%  of th e  b ird s , w ith  a high fre q u e n c y  (61.5% ) of liver m é ta s ­
ta sé s .

R e tra n s p la n ta tio n  of tu rk ey -g ro w n  h e p a to m a  cells to  1 day  old H u n n ia  
h y b r id  ch ickens p roduced  progressor tu m o u rs  in  15 ou t of 15 cases.

D iscussion

A fte r  tra n s p la n ta t io n  o f v iru s-p ro d u c in g  tran sfo rm ed  cells, th e  tu m o u r  
d ev e lo p in g  a t  th e  s ite  o f in o cu la tio n  m ay grow  b y  th e  m u ltip lica tio n  o f t r a n s ­
p la n te d  cells an d /o r b y  g ro w th  of the h ost cells tran sfo rm ed  b y  th e  oncogenic 
v iru s  re leased  by  th e  g ra fted  neoplasm . T h u s , several am ph ib ian  ly m p h o id  
tu m o u rs  proved  to  he re a d ily  tran sfe rab le  to  a d u lts  of a n u m b er o f  d iffe ren t 
a m p h ib ia n  species, b o th  u rodele  an d  an u ra n . T h e  tu m o u rs  re su lting  fro m  in te r ­
o rd e r  g ra f ts  w ere, how ever, com posed o f tra n s fo rm e d  host cells [4]. S u ch  a 
m e c h a n ism  did n o t o p e ra te  in  case of th e  MC29 v iru s-p ro d u cer ch icken  h e p a ­
to m a  in v e s tig a te d  in  th is  s tu d y , as in o cu la tio n  o f  MC29 virus per se in  th e  w ing 
w eb o r in tra m u sc u la r ly  d id  n o t induce ra p id -g ro w in g  tu m o u rs  [3], an d  a c c o rd ­
in g  to  th e  h isto log ical p ic tu re  th e  tu m o u rs  d ev e lo p in g  a t th e  site  of in o cu la tio n  
in ch ick en s , Jap a n e se  quails  an d  tu rk e y s  w ere  com posed of h e p a to m a  cells. 
S till, se c o n d a ry  in fec tio n  b y  MC29 v iru s  re le a se d  from  th e  tu m o u r cells m a y  
h a v e  c o n tr ib u te d  to  th e  sp read  of th e  disease in to  th e  liver.

T h e  fac to rs p e rm ittin g  progressive g ro w th  of MC29 h ep a to m a  in  x e n o ­
geneic  h o s ts  are u n k n o w n . Im m unolog ica l im m a tu r i ty  or defic iency  can  be 
e x c lu d e d  in  th e  Ja p a n e se  qua il. A ssum ing a tu m o u r- in d u c e d  im m un o d ép ressio n  
a n d /o r  loss of various a n tig en s  from  th e  h e p a to m a  cells, th e  age-re la ted  res is ­
ta n c e  o f  H u n n ia  h y b rid  chickens and tu rk e y s  rem a in s  unexp la ined . F u r th e r ­
m o re , th e  subcu tis o f th e  neck  and  th e  w ing  w eb are not im m u no log ica lly  
p r iv ile g e d  sites. D ev e lo p m en t of im m unolog ica l to le ran ce  is a possible e x p la n a ­
tio n , b u t  w hy  should  som e a d u lt  quails he to le r a n t  and  o thers re s is ta n t ? O ne 
m a y  su p p o se  th e  ex istence  o f som e p a ra -im m u n o lo g ica l defence m ech an ism s 
reco g n iz in g  n eop lastic  cells b y  m arkers o th e r  t h a n  classical surface an tig en ic  
d e te rm in a n ts , develop ing  soon a fte r h a tc h in g  in  ch ickens and  tu rk e y s  b u t  slow ­
ly  m a tu r in g  an d  less e ffic ien t against th e  M C29 h ep a to m a  cells in  J a p a n e se  
q u a ils . Such  a m echan ism  could  accoun t fo r th e  d a ta  sum m arized  in  T a b le  I. 
C ook e t  al. 16] d e m o n s tra te d  th a t  th e  c a p a b ili ty  o f SV40 tran sfo rm ed  h a m s te r  
cells to  ind u ce  tu m o u rs  in  h isto in co m p atib le  h a m s te rs  is due to  th e ir  re s is tan ce
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to  m acro p h ag e-m ed ia ted  cy to lysis . M acrophages w ere p o s tu la te d  to  p la y  a su r­
veillance function  ag a in s t tran sfo rm ed  cells [7], an d  m onocy tes co llab o ra tin g  
w ith  im m u n e  T cells in h ib it th e  g row th  of ca rc inogen-induced  ch icken  f ib ro ­
sarcom a [8j. Besides, n a tu ra l  killer (N K ) cells an d  th ro m b o cy te s  shou ld  also 
he considered  as p o te n tia l a n titu m o u r  effector cells. Since N K  a c tiv ity  occurs 
on ly  sp o rad ica lly  in  th e  sp leen  o f 1-3 week old ch ickens [9], N K  cells c an n o t 
p lay  a sign ifican t role in  th e  d ev e lopm en t of th e  ag e -re la ted  resis tan ce  o f ch ick ­
ens an d  tu rk e y s  ag a in st th e  MC29 h ep a to m a . T he av ian  th ro m b o c y te  is a p h ag o ­
cy tic  cell and  responds to  ly m phok ines [10], b u t  th e re  are  no d a ta  a b o u t its 
in te ra c tio n  w ith  tu m o u r cells.

In o cu la tio n  of MC29 h ep a to m a  grow n in  xenogeneic  Ja p a n e se  quails or 
tu rk e y s  in to  new ly h a tc h e d  H u n n ia  h y b rid  ch ickens led to  fu n d a m e n ta lly  dif­
fe ren t re s id ts  (see T ab le  I I ) . In  th e  fo rm er case no tu m o u r g row th  could be 
observ ed , th o u g h  p ro g resse r tu m o u rs  arose a fte r  tra n s fe rr in g  tu m o u r cells from  
quails to  quails. B ack -in o cu la tio n  of tu rk ey -g ro w n  h e p a to m a  cells to  1 day  old 
H u n n ia  h y b rid  ch ickens p ro d u ced  progressor tu m o u rs  in 15 o u t of 15 cases.

T hese  resu lts  suggest th a t  th e  chicken h e p a to m a  cells selected  or a d a p te d  
to  grow in  th e  Ja p a n e se  qu a il h av  echanged irrev e rs ib ly , or c an n o t reacco m m o ­
d a te  qu ick ly  enough to  th e  ch icken  m ic ro en v iro n m en t. On th e  c o n tra ry , th e  
m ilieu  p ro v id ed  by  tu rk e y s  fo r th e  MC29 h e p a to m a  cells seem s to  be s im ila r 
to  ih a t  o f H un n ia  h y b rid  chickens.

M icro en v iro n m en ta l signals induce rev ersib le  sh ifts  in tu m o u r cell p h en o ­
ty p es  an d  influence  th e  in  vivo b eh av io u r of neo p la s tic  cells [11 13]. In d u c tiv e  
in te ra c tio n s  m ay re su lt in irreversib le  changes o f  gene expression [14]. I t  w ould 
he d ifficu lt to  d is tin g u ish  th is  la t te r  m echan ism  from  th e  selection o f  new ly 
m u ta te d  cells b y  v a rio u s  h o s t m icro en v iro n m en ts . C h arac te riza tio n  o f th e  
m ech an ism  p e rm ittin g  o r in h ib itin g  th e  g row th  o f MC29 h ep a to m a  in  various 
hosts  w ould  help to  ex p la in  th e  un ex p ec ted  b io logical b eh av io u r o f th e  in v e s ti­
g a ted  tu m o u r.
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Cephalosporins are not degraded by hydroxylamine (NH„OH) in neutral and acidic 
solutions. Their reaction with N H 2OH in slightly alkaline solutions leads to microbiological 
inactivation which seems to be a structure dependent phenomenon. In these experiments the 
mandelic acid-type compounds appear to be quite stable to the effect of N H 2OII, whereas, 
eefazolin is gradually degraded and the straight chain-containing cephalosporins are variably 
inactivated. The phenylglycine-type oral cephalosporins were generally sensitive to the alkaline 
conditions used in these tests and apparently are not inactivated by NH.OH . On the contrary, 
the phenylglycine-type cephalosporins seem to be somewhat stabilized in the presence of 
NH.OH.

H y d ro x y lam in e , a nucleophilic  reag en t, rap id ly  reac ts  w ith  penicillins 
w ith  th e  fo rm atio n  o f  th e  m icrobiologically  in ac tiv e  h y d ro x am ic  acid |1 , 2] 
w hich form s a p u rp le  com plex  Mrith  ferric  ion . This w ell-stud ied  reac tio n  is 
u su a lly  p H  d ep en d en t, p roceeds m ore read ily  in  alkaline m ed iu m  an d  is the  
hasis o f  co lorim etric  d e te rm in a tio n  of penicillins. A lthough  th e  pen ic illin  and 
cephalosporin  m olecules are  sim ilar, th e y  show  strik in g  d ifferences in  th e ir  
chem ical and biological b eh av io u r. T herefo re, i t  w as u n d e rta k e n  in  th is  experi­
m en t to  s tu d y  th e  re a c tio n  o f cephalosporins w ith  N H 2O H . H y d ro x y lam in e  
itse lf  (N H 2OH) an d  m a n y  oxim e ( = C  = N O H )  de riv a tiv es  are  u sed , in  add ition  
to  th e  above m en tio n ed  co lo r-reaction  fo rm atio n , in  research  a n d  th e ra p y  as 
en zy m e-reac tiv a to rs  or re s to ra to rs . R ecen tly  NH.2O H  is used  in th e  s tu d y  of 
th e  u ltim a te  m ode o f ac tio n  o f b e ta -la c tam  an tib io tics .

M aterials and m ethods

The concentration of cephalosporins or penicillins selected for assay was 4 /tg/ml, 
and for cephalexin and SKF 60524 with poorer intrinsic in vitro activity, it was 8 /ig/ml 
(Table I). All antibiotics were dissolved in deionized water. The final concentrations of N H 2OH, 
sodium bicarbonate (N aH C 03) or citric acid, as used in these tests alone or in combination 
with antibiotics, were 100 /tg/ml. These concentrations of chemicals did not produce inhibi­
tion zones in the hioassay procedure used throughout this experiment. The compounds were 
examined for their N H .O H  sensitivity in neutral, acidic (pH ~  3-4, with citric acid) and
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P . 0 . Box 7927, 1500 Spring G arden S tree t, Philadelphia, Pennsylvania 19101, USA

Acta Microbiologica Hungarica 31, 1984



A
cta M

icrobiologica H
ungarica 31, 1984

Table I

Effect o f  hydroxylamine on the degradation o f  cephalosporins w ith diverse structures in neutral, acidic and alkaline solutions

Name and/or SK & F num ber 
(drug concentration)

Substituents a t

7-position 3-position

Cephaloglycin 
(4 /ig/ml)

Cephalexin 
(8 /ig/ml)

60524 
(8 /ig/ml)

44065 
(4 /ig/ml)

59589 
(4 /ig/ml)

46029 
(4 /ig/ml)

Mean diameters (mm) of inhibition zones w ith added reagents

ne, h Dist.
1 I 20

+
NH ,011 NaHCOj

NaHCOj

N H .O H

+
Citric acid

Citric acid 

NH^OH

0 26 28 12 zh 27 28
3 25 28 0 0 28 28
5 23 28 0 0 28 27

24 10 26 0 0 25 26

0 19 18 16 17 19 20
3 19 18 0 17 20 20
5 19 18 0 17 20 20

24 19 18 0 0 20 19

0 17 17 0 12 18 18
3 17 17 0 17 17
5 17 18 0 9 17 17

24 15 16 0 0 17 16

0 23 25 18 20 26 26
3 21 25 13 17 26 26
5 16 24 4_ 17 26 26

24 0 24 0 0 20 21

0 23 24 21 22 24 24
3 22 24 16 19 24 24
5 21 24 14 18 24 24

24 9 22 0 0 23 23

0 24 27 14 12 27 28
3 22 26 0 4 . 27 28
5 18 27 0 ± 28 27

24 0 26 0 0 26 28
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60701 
(4 //g/ml

- S

N ------N

60222 
(4 //g/ml)

Cefatrizine (60771) 
(4 //g/ml)

58891 
(4 //g/ml)

60542 
(4 //g/ml)

Cefamandole (46028) 
(4 //g/ml)

42669 
(4 //g/ml

59667 
(4 //g/ml)

0 24 26 0 ± 26 26
3 24 26 0 0 26 26
5 24 26 0 0 26 26

24 10 24 0 0 24 24

0 22 25 0 17 25 25
3 23 25 0 8 24 25
5 23 24 0 ± 25 26

24 12 23 0 0 23 23

0 25 27 9 21 26 27
3 24 26 0 14 26 26
5 24 26 0 14 26 27

24 17 24 0 0 24 24

0 20 21 10 15 21 22
3 19 21 0 9 21 21
5 20 22 0 23 23

24 11 20 0 0 20 20

0 19 21 0 12 20 20
3 20 21 0 12 21 21
5 20 21 0 0 21 21

24 13 18 0 0 19 19

0 27 28 27 19 28 26
3 29 29 28 24 28 28
5 29 28 28 25 29 28

24 26 26 23 19 27 27

0 29 29 29 28 28 28
3 29 29 29 28 28 28
5 28 28 28 28 28 28

24 27 27 25 23 25 24

0 23 23 20 19 23 23
3 22 23 20 19 23 23
5 21 22 21 19 23 22

24 22 22 17 13 23 22
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Name and/or SK & F number 
(drug concentration)

Substituents at

7-position 3-position

Cefazaflur
(59962)
(4 /ig/ml)

60451

Cefazolin

Benzyl-Penicillin

Ampicillin

CFjSCHj -

nCjM -SOjCH,—

N —N
\  —С Н ,-I /  *

N = C H

6-|)osition

6 -APA

6-APA

Table I  ( continued)

Mean diam eters (mm) of inhibition zones with added reagents

Sampling 
tim e, h Dist.

H 20 n h 2o h N aH C 0 3
N aH C 0 3

N H 2OH
Citric acid

Citric acid
+

N H.O H

0 27 25 26 18 28 27
3 27 27 26 22 27 26
5 28 27 27 25 27 26

24 27 24 24 16 25 25

0 21 21 15 0 21 21
3 21 20 15 0 21 21
5 21 21 15 0 21 21

24 19 19 13 0 19 18

0 23 23 17 10 23 22
3 22 23 19 14 22 22
5 23 22 22 22 22 22

24 22 21 19 9 21 19

0 27 22 27 0 27 22
3 27 16 27 0 25 18
5 27 27 0 16 ±

24 26 0 21 0 0 0

0 23 16 22 0 23 21
3 23 0 21 0 24 19
5 23 0 16 0 21 16

24 20 0 12 0 21 0
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n lk a lin e  (pH  B, w ith  N a H C 0 3) so lu tions. T he so lu tions an d /o r re ac tio n  m ix tu res  w ere k e p t 
a t  37 °€  and sam ples w ere tak en  a t 0. 3, 5 an d  24 h for m icrobiological assay. T he a n tib io tic  
a c t iv ity  was d e term ined  by  the  disc ag ar-d iffu sio n  m ethod  w ith B acillus subtilis  ATCC 6633 as 
in d ic a to r  organism  using  unbuffered  T ry p tic a se  soy agar [3]. T he discs absorb  a b o u t 20 /il of 
the  so lu tions; co n sequen tly , th e  an tib io tic  c o n cen tra tio n s  were ap p ro x . 0.1 //g o r 0.2 /ig per 

d iscs, respec tive ly . On all assays 3 discs w ere used  and the in h ib itio n  zone d iam ete rs  in  T ab le  I 
re p re se n t th e  average  v a lu es o f the  th ree  d iscs [4].

T he n am es an d /o r S m ith  K line a n d  F re n c h  L ab o ra to ries  (SK  & F ) designations, as well as 
th e  s tru c tu ra l fe a tu re s  o f th e  cephalosporins and  penicillins em ployed  in th e  s tu d y  are  show n 
in T ab le  I. T he cep h a lo sp o rin s are g rouped  accord ing  to th e ir  chem ical s tru c tu re s , p a r tic u la r ly  
su b s ti tu e n ts  a t 7-position  of the am ino cep h a lo sp o rin  m olecule. E lev en  phenylg lycine  o r su b ­
s t i tu te d  p h en y lg ly c in e -ty p e  cephalosporins, th ree  of them , cephaloglycin , cep h a lex in  and  
cefa triz in e , are com m ercially  available, a re  fo llow ed by th ree  m andelic  acid -type  p re p a ra tio n s , 
o f w h ich  cefam ando le  is a m ark e ted  d ru g , a n d  tw o com pounds co n ta in in g  s tra ig h t ch a in s a t  
7 -position  were in c lu d ed  in th e  s tudy . In  ad d itio n , cefazolin w ith  a qu ite  d ifferen t chem ical 
s tru c tu re  was also in clu d ed . Penicillins e x am in ed  to  da te  beh av ed  sim ilarly , th erefo re , re su lts  
o b ta in e d  w ith  tw o re p re se n ta tiv e  ones, n a m e ly  benzyl-penic illin  and  am picillin , are p resen ted  
in T ab le  I.

R esu lts and discussion

T he nucleophilic  a tta c k  of N H 2O H  on th e  sensitive  penicillin  n uc leus an d  
th e  su b seq u en t m o lecu lar re a rra n g e m e n t is dep ic ted  in Fig. 1.

C ephalosporins, while still p ro n e  to  reac t w ith  m ost o f th e  nucleoph ilic  
re a g e n ts  and  o th e r b e ta -la c tam  d e g rad in g  agen ts [5 -8 ], are  n o t as re a d ily  a t ­
ta c k e d  b y  N H 2O H  as are  penicillins u n d e r  th e  described  ex p e rim en ta l co n d i­
tio n s . Som e cephalosporins ap p ear to  be a tta c k e d  only  s ligh tly  an d  a fte r  a la te n t  
p e rio d . T he reason  for th is  m ay be th a t  th e  p rim a ry  d eg rad a tio n  p ro d u c t of 
cep h a lospo rin s co rrespond ing  to  penic illo ic  acid a p p a re n tly  is sh o rt-liv ed , m ost 
p ro b a b ly  because o f its  in s ta b ility  [2].

I t  can c learly  be seen from  th e  d a ta  o f T ab le  I  th a t  th e  nucleophilic  a t ta c k  
b y  N H 2O H  on th e  sem isy n th e tic  cep h a lo sp o rin s  as m easu red  b y  th e  loss of 
m icrobiologie a c tiv ity  is s trong ly  s tru c tu re ,  tim e  an d  p H  d ep en d en t. T he m a n ­
delic  ac id -ty p e  com pounds are  r a th e r  s ta b le  to  N H..OH a tta c k  a t  n e u tra l, acid ic  
a n d  a lkaline  m ilieu. T h e  p h en y lg ly c in e -ty p e  com pounds n o t only re sis t to  th e  
nucleoph ilic  a tta c k  b y  N H 2O H , b u t  even  are s tab ilized  b y  i t  in a lka line  re a c ­
tio n , w here u sua lly  th e y  te n d  to  decom pose  w ith  loss o f biological a c tiv ity . 
C efazolin  and  th e  s tra ig h t c h a in -c o n ta in in g  cephalosporins beh av e  v a r ia b ly . 
P en ic illin s, as ex p ec ted , are  sen sitiv e  to  th e  a t ta c k  by  1NH20 H  especia lly  in  
n e u tra l  an d  a lkaline  so lu tions.

RCOHN / S . / СНз

Г 4
o O

x h 3 +nh2o h -
COONa

RCOHN___

(  H

l 'ig . 1. N ucleophilic a tta c k  of N H .O H  on th e  penicillin  b e ta - la c ta m  ring  (left) an d  th e  su b ­
seq u en t m olecu lar re a rra n g e m e n t in to  hy d ro x am ic  acid  (righ t)
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F ro m  th e  resu lts  o f these  ex p erim en ts, a n u m b e r of im p o r ta n t conclusions 
can  be  d raw n . T h ey  su p p ly  ad d itio n a l c o n firm a tiv e  m a te ria l to  th e  know l­
edge th a t  th e  tw o  fu sed  b e ta -lac tam -rin g s  (b e ta -lac tam -th iazo lid in e  and  
b e ta - la c ta m -d ih y d ro th ia z in e ) , despite  th e ir  s im ila rities, are  q u ite  d ifferen t. 
T h ey  b e h av e  d iffe ren tly  n o t only to  th e  nucleo p h ilic  a tta c k  b y  NH..OH, b u t 
also th e y  are  v a r ia b ly  sensitive  to  b e ta - la c tam a se s  o f diverse origin and  th e  
cephem s are  m ore re s is ta n t  to  th e  a m b ie n t a c id ity  or a lk a lin ity . The d iffer­
ences can  even fu r th e r  be em phasized  b y  th e  v e rsa tile  possib ilities offered 
fo r su b s ti tu tio n s  o f th e  b e ta - la c tam -d ih y d ro th ia z in e  ring  system  (positions 7 
a n d  3 a n d  o thers). O u r observations as to  th e  in fluence  of N H 2O H  a tta c k  
on sem isy n th e tic  cep h a lospo rin s shou ld  be  b o rn e  in  m ind  w henever th e  hy- 
d ro x y la m in e  m e th o d  [9 -12 ] is to  be a d o p te d  as a m e th o d  for d e te rm in a tio n  
o f  cep h a lo sp o rin s  in  so lu tio n s and /o r b o d y  f lu id s  [13]. I t  is also im p o r ta n t w hen 
e x a m in in g  th e  role o f  th e  nucleophilic  p ro p e rtie s  o f N H 20 H  in th e  b e ta - la c tam  
re lease  reac tio n s  re la te d  to  th e  b ind ing  o f b e ta - la c ta m  an tib io tic s  to  th e  penicil­
lin -b in d in g  m em b ran e  p ro te in s  of b a c te ria  [14].
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CHARACTERIZATION OF ADENOVIRUS 
HEXON EPITOPES BY MONOCLONAL 

ANTIBODIES
É v a  Á d á m ,  J .  E r d e i ,  A n n a  L e n g y e l ,  A n n a m á r i a  K a t o n a ,  G y . B e r e n c s i ,

J . F a c h e t  an d  I . N á s z

In stitu te  o f  M icrobiology, Sem m elw eis U niversity  M edical School, B udapest, and  
Institu te  o f  Pathophysiology , U niversity  M edical School, Debrecen

(R eceived  F e b ru a ry  29, 1984)

T h ree -th o u san d  h y b rid o m a clones w ere p ro d u ced  using  crysta llized  h exon  o f  h u m an  
ad en o v iru s ty p e  1 fo r im m unization . E L IS A  revea led  69 hom ospecific  an tib o d y  p ro d u c in g  
clones. The m onoclonals were reac tive  w ith  b o th  crysta llized  and non -c ry s ta llized  p u rified  
so luble  hexon  p rep ara tio n s , as well as w ith  th e  hexons derived  from  pu rified  v ir io n s . H ex o n  
p re p a ra tio n s  o f 10 d iffe ren t hum an  a d en o v iru s  species (m em bers o f 4 d ifferen t su b g e n e ra ) were 
used  fo r th e  ch ara c te riz a tio n  of 33 m onoclonal an tibod ies . E L IS A  and  passive h a e m a g g lu tin a -  
t io n  (H A ) tes ts rev ea led  6 and 15 d is tin c t re a c tiv i ty  p a tte rn s  (R P )i.e . in te r ty p e  c ro ss-reac tio n  
o f a g iven an tib o d y  w ith  the  panel of te s t-a n tig e n s , respectively . F o u r o f these  R P -s  tvere 
id en tica l by  b o th  techn iques. S ign ifican t q u a n ti ta t iv e  differences ex is ted  be tw een  e x tin c tio n  
v a lu es in E L IS A  and  H A -titres . The re su lts  in d ic a te  th e  presence of id en tica l ep ito p es as w ell as 
ep ity p ic  re la tio n sh ip s am ong the  hexons. T h e  com m on ep itopes and th e  e p ity p ic  re la tio n sh ip  
seem  to  be ch arac te rized  by 16 d iffe ren t in te rsp ec ie s  specificities u n d e r th e  e x p e rim e n ta l con­
d itio n s, w hich are in d ep e n d en t of subgenus b o u n d a rie s  an d  are dem onstrab le  in d if fe re n t com ­
b in a tio n s  on the  hexons of adenovirus species belonging  e ith e r to  the  sam e or to d if fe re n t su b ­
genera .

A n tiv ira l im m une sera are  e ssen tia l too ls in th e  s tu d y  of th e  an tig en ic  
s tru c tu re  o f v iru ses and  of in d iv id u a l v ira l com ponen ts. Since v iruses a n d  v ira l 
p ro te in  com ponen ts are  often a n tig en ica lly  com plex , th e  use of m u ltire a c tin g  
a n tise ra  lim its  th e  ap p ro p ria te  a n tig en ic  analysis  to  considera tions o f  th e  to ta l  
a n tig e n ic ity  o f a com plex  v ira l p ro te in  an d  p recludes th e  c h a ra c te r iz a tio n  of 
in d iv id u a l ep itopes o f a p ro te in . T h e  in tro d u c tio n  of th e  use o f m o noclona l 
an tib o d ie s  has ad d ed  a pow erful to o l fo r th e  an tigen ic  analysis o f th e  a n tig e n i­
ca lly  com plex  v ira l p ro te in s [1-4].

T he capsom eric  form  of th e  a d e n o v iru s  hexon  is a tr im e r  w hich  co nsists  
o f th re e  id en tica l p o lypep tide  su b u n its  o f 105 000-120 000 M r each  [5 8]. 
T he hexon  is k n o w n  to  con ta in  b o th  species-specific  (type-specific) a n d  genus- 
specific  an tigen ic  d e te rm in an ts  (ep ito p es) [8 -10]. B y ab so rp tio n  o f a n tih e x o n  
sera  w ith  p u rified  heterologous hex o n s an d  w ith  th e  help of m onoclonal a n t i ­
bodies, subgenus- an d  in te rsu b g en u s an tig en ic  specificities have  been  dem on-
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s t r a te d  [8, 9, 11, 12], b u t  a c tu a l d istinc tions in  a n tib o d y  p o pu la tions have  n o t 
y e t  b een  d e m o n s tra te d  [8].

In  th e  p resen t s tu d y , b y  em ploying m o n o clo n a l an tib o d ies  against c ry s ta l­
lized  hexons of h u m a n  ad en o v iru s  ty p e  1, we w ere  ab le  to  d iscrim inate  — in th e  
fo rm  o f various ty p e s  o f  cross-reactions — 16 d e te rm in a n ts  th a t  were expressed  
on  a v a rio u s n u m b er o f  hetero logous hexons in  d iffe ren t com binations.

M aterials and m eth od s

H y b r id o m a -p r o d u c t io n .  A n i m a l s  a n d  im m u n i z a t io n s .  C onven tionally  b red , 8-12  weeks old 
B a lb /c  fem ale  mice w ere u se d  fo r im m uniza tion . T he an im a ls  w ere in jec ted  tw ice in tra p e rito -  
n e a lly  w ith  5 f ig  of A lu m -p rec ip ita te d  an tigen , th ree  w eeks a p a r t .  F o u r weeks a fte r th e  la s t im ­
m u n iz a tio n  and th ree  d ay s p r io r  to  th e  fusion, spleen cell do n o rs received an  in tra v en o u s  in jec ­
tio n  o f 20 f ig  an tigen  in  P B S .

A n t ig e n - p r e p a r a t io n  fo r  th e  h y b r id o m a . H exons fro m  H E p -2  cells in fected  w ith  h u m an  
ad en o v iru s  ty p e  1 were se p a ra te d  and  purified  as d escribed  ea rlie r [13]. T he h ighly pu rified  and 
c o n c e n tra te d  hexon p re p a ra tio n  w as crystallized  acco rd in g  to  th e  m eth o d  described by A dám  
a n d  N ász  [14], th en  th e  c ry s ta ls  w ere sedim ented  w ith  2000 r .p .m . T he crysta ls were w ashed 
by  c en trifu g a tio n  in a c e ta te  b u ffe r  tw o tim es, th en  d isso lved  in  0.01 м (pH  7) ph o sp h a te  buffer. 
To d issolve the  crysta ls, th e  p h o sp h a te  buffer was s lig h tly  a lk a lized  by  th e  ad d itio n  of N a 2C 0 3. 
T he red isso lved  m ate ria l f ro m  th e  c ry sta ls was used fo r im m u n iza tio n  of th e  spleen cell donor 
m ice.

C e lls , m e d ia  a n d  c u l tu r e  c o n d it io n s . All cell lines used  fo r p roducing  h y b rid o m as were 
c u ltu re d  in R PM I 1640 (F lo w  L abora to ries), su p p lem en ted  w ith  10%  fe ta l calf serum  (FCS). 
C u ltu rin g  was carried  o u t a t  37 °C, in  5%  C 0 2. T he n o n sec re tin g  p a re n ta l  cell line, S p 2 /0  origi­
n a te d  fro m  G. K öhler [15].

C ell f u s i o n ,  s e le c tio n  a n d  c lo n in g  o f  h y b r id s . Cell fu sio n  p ro ced u re  was carried  o u t a t  room  
te m p e ra tu re . The donor ly m p h o c y te  p rep ara tio n  w as w ash ed  b y  cen trifu g a tio n  in  PB S . P a ra l­
lel, th e  m yelom a cells ( a t  e x p o n en tia l g row th  phase) w ere  sp u n  o u t of th e ir  cu ltu re  m edium  
a n d  w ash ed  w ith  PB S . T h e  w ash ed  lym phocy tes a n d  m y elo m a  cells w ere coun ted , m ixed  a t  
a ra tio  o f 5 : 1-10 : 1 an d  w ere  sp u n  down together. T he cell p e lle t was resuspended  in  0 .5-1  ml 
o f  5 0 %  (v /v) PE G -6000 (F lu k a ) . A fter in cu b a tio n  fo r one m in u te , th e  cell suspension was 
g ra d u a lly  filled up  w ith  se ru m -free  R P M I to 20 m l, th e  cells w ere spun  dow n and g en tly  resu s­
p en d ed  in  F C S -su p p lem en ted  R P M I to  give a fin a l c o n c e n tra tio n  of 0.4 to  2 X 106 lym pho- 
cy tes/m l. T hen  0.1 ml a liq u o ts  o f th e  cell suspension w ere d is tr ib u te d  to  96-well f la t-b o tto m  
tissu e  cu ltu re  p lates (N u n c). T h e  d a y  a fte r th e  fusion, a p p ro x im a te ly  h a lf  of th e  cell su p e rn a ta n ts  
w as sucked  off and  th e  w ells w ere refilled  w ith  R P M I co n ta in in g  h y p o x an th in e  (13.6 f i g / m \), 
am in o p té rin e  (0.186 f i g / m l )  a n d  th y m id in e  (15.5 p g /m \ )  (H A T ). F eed ing  of cells w ith  h a lf  volum e 
o f th e  H A T  m edium  w as re p e a te d  2 -3  tim es, d ep end ing  on cell g row th .

T he cu ltu re  flu id  o f in d iv id u a l cu ltu res was te s te d  b y  E L IS A  for th e  presence of a n ti­
bod ies (positive  clones).

P o sitiv e  clones w ere  tran s fe rre d  to  24-well f la t -b o t to m  tissue cu ltu re  p la tes (N unc), 
c u ltu re d  to  ap p ro p ria te  cell d e n s ity , cryopreserved  a t  — 192 °C and  cloned.

Cloning of h y b rid  cell lines was perform ed b y  th e  lim itin g  d ilu tio n  procedure , m ouse 
p e r ito n e a l ex sudate  cells w ere  u sed  as filler cells (105/m l) in  96-well p lates.

A n tig e n - p r o d u c t io n  f o r  th e  a n a ly s is  o f  m o n o c lo n a l a n t ib o d ie s . In  o rder to  p roduce p u rified  
h ex o n  an tigens, H E p -2  cells w ere in fected  w ith  th e  fo llow ing adenov irus species: ty p e  1, 2, 
5 and 6 (subgenus C), ty p e  8 , 9, 10 an d  13 (subgenus D ), ty p e  7 (subgenus B) and ty p e  12 (subge­
n us A). All the  v iru s s tra in s  u sed  w ere the  p ro to ty p e  s tra in s  ex cep t type  7 and 8 . T he ty p e  7 
s tra in  w as th e  P in k n ey  iso la te  [16]; the  ty p e  8 s tra in  h a s  b een  iso la ted  and ch arac te rized  in 
d e ta il b y  us [17, 18]. T he m a in te n a n c e  and in fection  o f th e  cells and  pu rifica tio n  of hexon  p ro ­
te in s  b y  c h ro m a to g rap h y  w ere  carried  ou t according to  th e  m eth o d  described earlier [13, 18, 19].

E L I S A  p ro c e d u r e . W ells o f 96-well fla t-b o tto m ed  p o ly sty ren e  p la tes (Falcon  Micro T est 
I I  T .C . P la tes) were co a ted  w ith  50 //1 hexon d ilu tio n  o f  th e  d iffe ren t adenovirus ty p es in  c a r­
b o n a te -b ic a rb o n a te  b u ffe r  (p H  9.6) a t 10 f ig /m i  f in a l co n ce n tra tio n . T he p la tes were in cu b a ted  
o v e rn ig h t a t  4 °C and a f te r  w ash in g  two tim es w ith  P B S  co n ta in in g  0 .5%  Tw een 20 th ey  were 
co v ered  w ith  100 //1 o f P B S  c o n ta in in g  0.5 м NaCl an d  0 .5 %  BSA . A fter 1 h  in cu b a tio n  a t  37 °C,
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th e  wells were w ashed tw ice and  th en  50 /Л of h y b rid o m a  su p e rn a ta n t were added pe r well and  
in cu b a te d  a t  37 °C for 2 h. T h ereafte r the  w a sh in g  procedure  was rep ea ted  four tim es, an d  50 //1 
o f a n ti-m o u se  IgG perox idase  con jugate  (H u m a n )  were added  to each  well in 1 : 500 d ilu tio n . 
Fo llow ing  in cu b a tio n  for 1 h a t  37 °C, the  w ash in g  procedure  was rep ea ted  and  50 /Л of fresh ly  
p rep ared  su b s tra te  (o -phenylene diam ine) w ere  ad d ed  to each well and in cu b a ted  for 30 to  35 
m in  a t room  tem p era tu re . T he colour reac tio n  w as s topped  by th e  a d d itio n  of 50 /Л 4 м H 2SO ,. 
T he abso rb an ce  was d e te rm in ed  using a T ite r te k  M ultiscan  p h o to m e te r equ ipped  w i th  a 492 nm  
w a v e len g th  filte r. P o lyclonal serum  of mice im m u n ized  w ith  the  pu rified  hexon of ad en o v iru s  
ty p e  1 an d  the  cu ltu re  m edia  used for the h y b r id o m a  cells were app lied  as positive and  neg ativ e  
co n tro ls , respectively . H y b rid o m a  s u p e rn a ta n ts  d isp lay ing  a t  least th e  double ab so rb an ce  of 
n eg ativ e  con tro ls were considered  to be po sitiv e .

H aem agglutination ( I I A ) .  A ccording to  th e  m ethod  of Ross and  G insberg [20], a 2 .5%  
suspension  of washed sheep red  blood cells (S R B C ) was p rep ared  in p h o sp h a te-b u ffe red  sa line  
(p H  7.2) an d  an equal vo lum e of tan n ic  acid, 1 : 20 000 in the  sam e buffered  saline was added . 
T he suspension  was in cu b a ted  for 10 m in a t  37 °C, th en  cen trifuged  and  w ashed in th e  ab o v e  
so lu tion . T he SRBC were th en  resuspended as a 5 %  suspension in th e  so lu tion  of pu rified  a d en o ­
v iru s  h exon  p re p a ra tio n  co n ta in in g  150-200 / ig p ro te in  in phosph a te-b u ffe red  (pH  6.4) sa line . 
A fter 30 m in  in cu b a tio n , the  SR B C  were w ash ed  tw ice and  resuspended  as 0 .5%  susp en sio n  
in th e  sam e buffered sa line  co n ta in ing  1 : 400 b o v in e  serum  a lb u m in  (F lu k a). HA te s t  was c a r ­
ried  ou t in T a k á ts y ’s m ic ro titra to r . A g g lu tin a tio n  p a tte rn s  were read  a fte r 1 h in c u b a tio n  a t  
37 °C. A n tibod ies were te s ted  from  a 1 : 50 o r 1 : 30 d ilu tion  and  the  resu lting  t itre s  a re  
expressed  as logo X 10 2.

R esu lts

Spleen cells o f B alb /c  mice im m u n ized  w ith  c rysta llized  h u m an  a d en o v iru s  
ty p e  1 hexon  were fused  w ith  S p 2 /0  m y e lo m a  cells. T he su p e rn a ta n t o f  3000 
h y b rid o m a  clones w ere exam ined  by  E L IS A  an d  69 clones w ere found  to  p ro ­
duce specific  m onoclonal an tibodies w h en  te s te d  w ith  adenov irus ty p e  1 h exon . 
T he m onoclonal an tib o d ies  w ere re a c tiv e  b o th  w ith  th e  crysta llized  an d  non- 
c ry s ta lliz ed  pu rified  so luble  hexon p re p a ra tio n s  as well as w ith  hexons derived  
from  p u rif ied  com plete  v irions.

In  o rd er to  ex am in e  th e  an tig en ic  re la tio n sh ip  am ong d ifferen t h ex o n s, 
33 m onoclonal an tib o d ies  w ere te s te d  b y  b o th  E L IS A  an d  passive h a e m a g g lu ­
t in a tio n  m ethods w ith  hexon p re p a ra tio n s  of 10 d iffe ren t h u m an  a d e n o ­
v iru s  species (serological types) be lo n g in g  to  4 d ifferen t subgenera. T ab le  I 
show s th e  resu lts  o f th e  E L IS A  e x p e rim e n ts  w ith  th e  10 d ifferen t p u rif ie d  
h exons, am ong  w hich  th e  A and  В su b g e n e ra  are  each rep resen ted  b y  one, th e  
D su b g en u s  is rep re sen ted  by  four v iru s  ty p e s . As th e  an tise ra  were p ro d u c e d  
a g a in s t ty p e  1 hexon, belonging  to  su b g e n u s  C, all four m em bers o f th is  s u b ­
genus w ere included in  th e  ex p erim en ts  [11]. The sections o f T ab le  I  s e p a ra te d  
b y  h o riz o n ta l in term issions in d ica ted  d is tin c t re a c tiv ity  p a tte rn s  (R P ), i.e. ty p e  
o f c ro ss-reac tio n  of a given h y b rid o m a a n tib o d y  w ith  the  p an e l of th e  te s t  a n t i ­
gens. T he n u m b er o f re ac tiv e  hexon ty p e s  g iv in g  positive resu lts  varied  b e tw een  
five  a n d  te n . These belonged  m ain ly  to  m em b ers  of subgenus C and  to  ty p e s  8 
an d  9 o f subgenus D. O nly  3 to  24%  o f th e  an tib o d ies  reac ted  w ith  th e  hex o n s 
o f o th e r  ty p es. One h y b rid o m a  a n tib o d y  (32D3) did n o t reac t w ith  ty p e  2 of 
su b g en u s C, and one single an tib o d y  (31 A3) reac ted  w ith  hexons of all te n  ty p e s  
exam in ed .
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E L I S A  reactions o f  33 monoclonal antibodies tested w ith adenovirus hexons

T a b le  I

H uman adenovirus types according to  subgenera
D esignation of 

hybridom a 
antibody

A В C D

1 2 7 1 2 5 6 8 9 1 0 13

31A3 + + + + + + + + -f- +

32C2 + + + + + + + + + —
2H 12 + + + + + + + + + —
2A10 + + + + + + + + + —

32A1 — + + + + + + + + —

32A6 — + + + + + + + + —
32D6 — + + + + + + + + —
2E3 — + + + + + + + + —

32 A4 + — + + + + + + — —

32A3 + — + + + + + + — —
31D3 + — + + + + + + — —

31B5 _ _ + + + + + + — —

32C4 — — + + + + + + — —
31C.5 — — + + + + + + — —
31A2 — — + + + + + + — —
32A5 — — + + + + + + — —
32C3 — — + + + + + + — —
31A5 — — + + + + + + — —
31A4 — — + + + + + + — —
31A6 — — + + + + + + — —
31D4 — — + + + + + + — —
32 HI — — + + + + + + — —
32B2 — — + + + + + + — —
32B3 — — + + + -i- + + — —
32B5 — — + + ' -1- + + — —
32C1 — — + + + + + + — —
32D4 — — + + + + + + — —
32C5 — — + + + + + + — —
32C6 — — + + + + + + — —
32D1 — — + + + + + + — —
32D2 — — + + + + + + — —
32A2 — — + + + + + + — —

32D3 — — + — + + + -j- - -

N u m b e r of
p ositives 7 8 33 32 33 33 33 33 8 1

H A  titre s  of th e  h y b rid o m a su p e rn a ta n ts  are  sum m arized  in  T able I I .  
T h e  n u m b e r of re a c tiv e  hexon ty p es v a r ie d  b e tw een  four an d  te n . These also 
b e lo n g ed  m ain ly  to  m em b ers  of subgenus C a n d  to  ty p es 8 an d  9 of subgenus D . 
In  H A  te s t  only  21 to  4 2%  o f th e  sam ples re a c te d  w ith  o th e r ty p es . Also in  H A , 
o n ly  one single h y b rid o m a  an tib o d y  failed  to  reac t w ith ty p e  2 of subgenus C; 
th is  one, how ever, w as n o t iden tica l w ith  th e  a n tib o d y  w hich did n o t reac t w ith
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Table II

H aem agglutination litres o f  33 monoclonal antibodies with adenovirus hexons*

H uman atlerîovirus types according to subg<ínéra
Designation of 

hybridom a A В C D

1 2 7 1 2 5 6 8 9 1 0 13

31 A3 7 7 9 2 10 9 10 7 6 9
32C2 7 4 7 2 7 6 6 4 5 7
21112 4 6 6 3 7 4 2 2 4 1

2A10 3 1 5 3 6 4 3 4 3 __**

32A1 __ 2 7 3 7 6 1 1 1 1
32A6 — 2 7 1 7 6 1 1 1 1
32D6 — 3 7 2 7 7 2 2 3 3

32 A4 3 - 6 3 7 6 2 3 1 3

32A3 1 — 6 6 6 6 0.3 1 — 1

2E3 - 1 6 3 6 4 1 1 2 —

31B5 __ __ 7 5 6 5 0.3 0.3 3 1
32C4 — — 5 0.3 7 5 0.3 3 3 1

321)3 - 2 6 1 7 6 0.3 0.3 — —

31C5 - - 4 3 6 3 0.3 0.3 3 —

31Л2 __ _ 7 6 7 3 4 2 __ 1
32A5 — — 6 2 7 6 0.3 1 — 1
32C3 — — 7 3 7 5 1 3 — 1

311)3 0.3 — 6 6 6 6 - 0.3 — —

31A5 - — 7 — 7 7 1 1 — 1

31 A4 __ __ 6 5 7 5 0.3 1 — —

31A6 — — 6 2 7 4 1 1 — —
31D4 — — 6 3 5 4 0.3 1 — —
32B1 — — 6 3 7 5 0.3 1 — —
32B2 — — 7 3 7 6 1 2 — —
321)4 — — 6 3 6 4 0.3 1 — —
32B3 — — 6 0.3 7 6 1 0.3 — —
32B5 — — 7 0.3 7 6 0.3 1 — —
32C1 — — 5 0.3 6 3 0.3 0.3 — —

32C5 __ __ 4 3 6 4 __ 1 — —

32C6 — — 4 3 6 4 — 1 — —
32D1 — — 4 2 4 3 — 0.3 — —
32D2 — — 4 3 4 3 — 2 — —

32A2 - — 3 3 4 3 - — - —

N um ber of
positives 7 9 33 32 33 33 28 32 12 14

M ean titre 3.7 3.1 5.9 2.8 6.5 5.0 1.6 1.6 2.9 2.3

* log,X 10“*
** <  Ö.3 ( <  1 : 120)
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R eactiv ity  patterns o f  33 monoclonal antibodies and their frequency tested by E L IS A  and
haemagglutination

T a b le  I I I

Human adenovirus types according to subgcnera
N um ber of hybridoma

a n t ib o d ie s  sh o w in g  id e n t i c a l  
r e a c t i v i t y  p a t t e r n

A в ( D

12 7 1 2 5 6 8 9 10 13

E L I S A  1 4 “ + + + + I + + + 1
3 + + + + + + + + + —
4 — + + + + + + + + —
3 — + + + + + + — —

21 — — + + + + + + — —
1 — — + — + + + + — —

H aem ag g lu tin a tio n  3 + + + + + + + + + +
1 + + + + + + + + + —
3 — + + + + + + + + +
1 + — + + + + + + + +
1 _j_ — + + + + + + — +
1 — + + + + + + + + —
2 — — + + + + + + + +
1 — + + + + + + + — —
1 — — + + + + + + + —
3 — — + + + + + + — +
1 + — + + + + — + — —
1 — — + — + + + + — +
9 — — + + + + + + — —
4 — — + + + + — + — —
1 — — + + + + — — — —

ty p e  2 in  E L IS A . T h ree  an tib o d ies  reac ted  w ith  all te n  typ es in  H A , and  one o f  
th e se  (31A3) w as th e  sam e w hich d isp layed  g en e ra l p o s itiv ity  in  E L IS A . One 
h y b rid o m a  a n tib o d y  (32A 2) reac ted  only w ith  th e  four m em bers o f subgenus C 
a n d  n o t  w ith  ty p e s  o f  o th e r  subgenera. T h e  h ig h e s t H A  titre s  w ere o b ta in e d  
w ith  ty p e  5 hexon. O n ly  tw o  an tibodies e x h ib ite d  titre s  below  th e  va lu es  o b ­
ta in e d  w ith  th e  h o m ologous ty p e  1, while a co n sid erab le  p a r t  o f th e  an tib o d ies  
ex ceed ed  these v a lu es  a n d  th e  geom etric m ean  t i t r e  was even h ig h er th a n  th a t  
o f ty p e  1. W ith  ty p e  6, w hich  belongs to  th e  sam e  subgenus as ty p e  1, titre s , 
a p p ro x im a te d  th e  v a lu e s  w ith  th e  hom ologous ty p e , while in th e  case o f th e  
fo u r th  m em ber o f su b g en u s  C, ty p e  2, th e  t i t r e s  o f  only  a few an tib o d ies  w ere 
a t  s im ila r  levels an d  th e  geom etric  m ean  t i t r e  rem ain ed  below  th e  values o b ­
ta in e d  even w ith  ty p e s  12 and  7 of subgenus A  a n d  B, respective ly . T he low est 
in c id en ce  of positive  re su lts  was found  w ith  ty p e  12 and  ty p e  7 hexons, h o w ev e r, 
th e  geom etric  m ean  t i t r e  w ith  these  ty p es su rp a sse d  th a t  w ith  ty p es  belonging  
to  subgenus D.

T he re a c tiv ity  p a t te rn s  of th e  33 a n tib o d ie s  an d  th e ir  freq u en cy  in  th e  
tw o  assay  system s a re  d e m o n s tra te d  in T ab le  I I I .  S ix R Ps w ere o bserved  w ith  
E L IS A  and  fifteen  ones w ith  HA. Four R P s  w ere  iden tica l in  th e  tw o  assays. 
T h e  sam e R P  was re c o rd e d  u sua lly  for on ly  o n e  or a few h y b rid o m a an tib o d ies .
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Cumulated results obtained by haemagglutination (H )  and E L I S A  (E )  fo r  the 33 antibodies

T a b l e  IV

H um an adenovirus typ es according to subgenera

Designation of hybridoma 
antibodies

A В C D

12 7 1 2 5 6 8 <) 10 13
HE HE HE HE HE HE HE HE H E H E

.31 A3 + + + + +  + + + + + + + + + +  + + +

32C2, 21112 +  + + + + + + + +  + +  + + + + + +  + +  -
2Л10 + + + + + + + + + + +  + + + + + +  + —
32A1, 32Л6, 32D6 — + + + + + + + + + + + + + + + + ч—
32A4 + + — +  + +  + + + + + + + + + H— +  -

32A3 + + — +  + +  + +  + + + + + + + — + -

2E3 — + + +  + +  + + + + + +  + + + + + —
31B5, 32C4 — — + + + + + + + + + + + + + - + -
32D3 — +  - + + + - + + +  + + + + + — —
31C5 — — + + +  + + + + + + + + + + - —
31A2. 32A3, 32C3 — — + + + + + + + + + + + + — H—
31D3 + + — + + +  + + + + + - + + + — —
31 AS — — +  + -  + + + +  + + + + + — + -
31 A4, 31A6, 31D4, 32B1, 
32B2, 32B3, 32B5, 32C1, 
32D4 + + + + + + + + +  + + +
32C5. 32C6. 321)1, 32D2 — — +  + + + + + + + - + + + — —
32A2 — — +  + +  + + + +  + - + - + — —

T he m o st freq u en t p a t te rn  shown in  th e  f if th  line o f  T ab le  I I I ,  was c h a ra c te r ­
istic  o f  21 clones in  E L IS A , w hereas in  H A  9 clones d isp layed  a sim ilar a c t iv i ty .

C om bining th e  resu lts  of th e  tw o  m eth o d s (T able IV), 16 d iffe ren t R P s 
h av e  been  d is tingu ished . Twelve R P s  rep re sen ted  by  21 an tibod ies w ere 
ch a rac te rized  w ith  c e r ta in  hexon ty p e s  by  d iv e rg en t re su lts  betw een  H A  an d  
E L IS A . W ith  tw o ty p e s  5 R Ps, an d  w ith  one ty p e  7 R P s ex h ib ited  p o s itiv e  
H A  a n d  n eg a tiv e  E L IS A  tests  or v ice v e rsa . C onsidering th e  in d iv id u a l ty p e s  
o f hexons, it  m ay  he sum m arized  t h a t  each  clone reac ted  sim ilarly  by  th e  tw o  
m eth o d s w ith  ty p e s  1, 5 and  6 of su b g en u s C an d  w ith  ty p e  12 of su b g en u s A. 
W ith  th e  hexon o f th e  fo u rth  m em ber o f  subgenus C, ty p e  2, tw o clones w hile  
w ith  ty p e  7 of subgenus B, one clone re a c te d  d iffe ren tly . D iverse re su lts  b e ­
tw een  th e  tw o m eth o d s  were th e  m o st freq u en t for m em bers of subgenus D . 
D iffe ren t reac tions w ere recorded w ith  one a n tib o d y  fo r ty p e  9, four a n tib o d ie s  
for ty p e  10, six an tib o d ie s  for ty p e  8 an d  th ir te e n  an tib o d ies  for ty p e  13. 
In  a b o u t one th ird  o f  th e  six teen  d iffe ren t in terspecies specificities one o r tw o  
clones ex h ib ited  th e  sam e re a c tiv ity  p a t te rn ;  in  n ea rly  tw o -th ird  of th e  clones, 
how ever, 3 -4  or even  9 clones d isp lay ed  id en tica l p a tte rn s .
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D iscussion

T he n u m b er o f  an tib o d ies  giving p o s itiv e  or nega tive  E L IS A  an d  haem ag- 
g lu tin a tio n  resu lts  w ith  d is tin c t hexon ty p e s , an d  th e  values o f th e  H A  titre s  
m a y  in d ica te  d iffe ren t degrees of re la tio n sh ip  betw een  th e  hexons, p rov ided  
t h a t  th e  c o n c e n tra tio n  o f th e  purified  h ex o n  p rep a ra tio n s  used  as te s t  an tigen  
is th e  sam e. On th is  b as is , th e  presence o f id e n tic a l ep itopes as well as ep ityp ic  
re la tio n sh ip s  [1] ca n  lie assum ed am ong th e  d iffe ren t hexons. In  th e  case of 
th e  species ex am in ed  in  th is  w ork, a n tig en ic  re la tio n sh ip  seem s to  be c h a ra c ­
te r iz e d  by  16 d is tin c t in terspecies specific ities, w hich are in d e p e n d e n t o f su b ­
g en u s boun d aries  a n d  are  d em onstrab le , in  d ifferen t co m b in a tio n s on th e  
h ex o n s  of ad en o v iru s  species belonging to  e ith e r  th e  sam e or d ifferen t su b ­
g en e ra . O nly one m o noclona l an tib o d y  (32 A2) a n d  only w ith  one of th e  m ethods 
(H A ) show ed a su b g en u s specificity . H o w ev er, increasing  th e  n u m b e r o f th e  
d iffe re n t te s t a n tig en s , i.e. th e  d ifferen t h e x o n  ty p es , th is  a n tib o d y  m ay  give 
a p o s itiv e  re a c tio n  w ith  hexons of one or m o re  species belonging  to  o th e r su b ­
g e n e ra ; th e  m ore i t  is p robab le  because a n tib o d y  32A2 d e fin ite ly  reac ted  in 
E L IS A  w ith  hexons o f tw o  species belong ing  to  an  o th e r subgenus. C onsidering 
th e  g roup ing  of th e  16 d ifferen t in te rspec ies specificities, th e  closest an tigen ic  
re la tio n sh ip  seem s to  ex is t am ong ty p es  1, 5 an d  6 belonging to  subgenus C. 
H  exons of ty p e  2 o f  subgenus C and  o f ty p e s  8 an d  9 of subgenus D jo in  w ith  
th is  g roup  in a so m ew h a t looser degree o f  re la tio n sh ip . A n even  low er degree 
o f  an tig en ic  co n n ec tio n  can  be assum ed fo r hexons of th e  o th e r species.
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