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TUBERCULIN SENSITIVITY OF SENSITIZED 
LYMPHOCYTES

B y

S . T u b o l y , T. S z á n t ó  and M arie tta  R á d y

C en tra l V e te rin a ry  In s t i tu te  (D irec to r: A. VÁNYl),
B u d ap es t

(R eceived A u g u st 2, 1972)

The im m unology  of tubercu lo s is  and  th e  re la te d  a llerg ic co n d ition  were ex ten siv e ly  
s tu d ied  du ring  th e  la s t  decades (B aram  an d  M o sk o , 1962; B loom  a n d  Ch a u s e , 1967; K a n a i, 
1967; L a w r e n c e , 1955; Ma c k n ess  and  B l a n d e n , 1967; Ol iv e r a -L im a , 1958). T hese in v es ti­
ga tio n s disclosed m u ch  new  in fo rm a tio n , b u t  th e  find ings w ere o ften  co n tra d ic to ry  an d  n u ­
m erous problem s are still unc lear.

The p resen t s tu d ies  w ere in itia te d  to  d e te rm in e  th e  sen s itiv ity  to  tu b e r-  
cu lopro te ins of ly m p h o cy tes  from  guinea pigs in fec ted  w ith  various M yco­
bacterium  species an d  to  observe th e  degrees of b la s t tra n sfo rm a tio n  induced  
b y  vario u s m y co b ac te ria l an tigens.

The applied  m eth o d  w as based  on th e  b las t tran sfo rm a tio n  o f lym phocy tes . Op p e n h e im  
(1968) in te rp re te d  b las t tran s fo rm a tio n  as th e  d ev elopm en t of sm all ly m p h o cy tes  in to  ly m p h o ­
b la s t cells, w hereas L in g  (1964) saw  in i t  a sign of a n tib o d y  p ro d u c tio n , in te rp re tin g  i t  as a 
secondary  in  vitro response to  an  an tig en  w hich th e  h o st h a d  a lread y  enco u n tered  in  vivo. 
Co w lin g  et al. (1963) an d  M ills  (1966) s tu d y in g  th e  response to  tu b erc u lin  o f ly m p h o cy te  
cu ltu res  o b ta in ed  from  tu b e rc u lin  (M antoux) found  b la s t tran s fo rm a tio n , in 20 and  5%  of th e  
lym p h o cy tes resp ec tive ly  p ositive  and  n egative  ind iv iduals.

O th er in v estig a to rs (F arla nd  and  H e il m a n , 1966; Ge r a l d , 1968; P esh m in  et al., 
1962; S c h r ec k , 1963) e stab lish ed  in  sim ilar s tud ies a  co rre la tio n  be tw een  th e  positive  t r a n s ­
fo rm atio n  te s t  and  tu b erc u lin  p o sitiv ity . H irscho rn  (1968) fo u n d  t h a t  the in  vitro im m une 
response reaches m ax im u m  on th e  5 th  day  a fte r  a d d itio n  of th e  a n tig en  an d  th a t  th e  u su a l p e r­
cen tage  of tran sfo rm a tio n  is 15— 2 0 % , b u t  i t  m ay  reach  even 4 5 % .

Materials and Methods

S ensitization  of gu inea pigs. A nim als were d iv ided  in to  five groups and  
were in fec ted  w ith  th e  follow ing M ycobacterium  s tra in s :

1. M ycobacterium bovis BCG B udapest
2. M ycobacterium avium  C hester 15769 (A m erican T ype C ulture Collec­

tion)
3. M ycobacterium ulcerans 19423 (ATCC)
4. M ycobacterium xenopei B u d ap est, K o rán y i I n s t i tu te  for T uberculosis
5. U ninfected  co n tro l group
Six-week cu ltu res grow n in L ow enstein— Jen sen  m edium  were used for 

ex p erim en ta l in fection . A dose of 0.5 m l was ad m in is te red  in trap e rito n ea lly
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2 TUBOLY et al.

th ro u g h o u t, using an  0.01 m g/m l suspension  from  M . bovis an d  0.1 m g/m l sus­
p en sio n s from  th e  o th e r  cu ltu res , as ca lcu la ted  for w et w eight.

Sam pling and collection o f  white blood cells. In  each g roup , in d iv idua l 
h ep a rin ized  blood sam p les  w ere w ith d ra w n  every  week for 8 w eeks. The sam ­
ples w ere in cu b a ted  fo r 2 hours a t  37 °C, in  tu b es  inclined  a t  an  angle of 30°. 
T h e  w h ite  blood cells w ere th e n  w ith d raw n  in a cap illa ry  p ip e tte , passed 
th ro u g h  glass co tto n  an d  ny lon  m esh, an d  suspended  in P a rk e r ’s 199 m edium .

A ntigens. T he w h ite  b lood  cell cu ltu res  w ere challenged w ith  th ree  a n ti­
gen s: Bovis P P D , A v iu m  P P D  and  an  an tig en  designated  P s, w hich  had  been 
p re p a re d  from th e  b o v is  s tra in  A n . by  e lectrophoresis and  co lum n ch ro m ato g ­
r a p h y . The challenge dose w as 250 ftg jm l cell cu ltu re .

Sam ples w ere ta k e n  on 8 occasions a t  24-hour in te rv a ls  a fte r  add itio n  
o f  th e  antigen. B last cells w ere co u n ted  in p rep ara tio n s s ta in ed  w ith  M ay- 
G riinw ald  and G iem sa so lu tions.

Results

The b last tra n sfo rm a tio n -in d u c in g  a c tiv ity  of th e  th re e  an tigens d e te r­
m in ed  w ith  ly m p h o cy tes  from  each guinea p ig  group. The resu lts  are  show n in 
F ig . 1.

F ig . 1. The tra n s fo rm a tio n  va lues o f  ly m p h o cy tes  sensitized  w ith  M . bovis, M . av ium , 
M . ulcerans o r M . xenopei. Я  В. P P D ; jiijj A. P P D ; □ P s an t.

The v a rian ce  analysis  of n u m erica l resu lts  is show n in  T able  I .  B o th  
B ovis PPD  and  A v iu m  P P D  induced  b la s t tran sfo rm a tio n  in ly m p h o cy tes  
o f  all infected gu in ea  p igs, b u t th e  p e rcen tag e  of tra n sfo rm a tio n  differed  w ith  
th e  s tra in  used. B o th  an tigens d isp lay ed  m axim um  a c tiv ity  in  th e  hom ologous 
sy stem , being m u ch  less ac tiv e  in  cell cu ltu res from  guinea pigs in fec ted  w ith  
M . ulcerans or M . xenopei.

Acta Veterinaria Academiac Scientiarum Hungaricae 24, 1974



TUBERCULIN SENSITIVITY OF LYMPHOCYTES 3

Table I

B iom etric  analysis of lym p h o cy te  sensitiv ity  

B last tran sfo rm atio n  per cent

Groups of guinea pigs 
infected w ith Antigen

Lower
lim it
value

Mean
Upper
lim it
value

SEM*
Var.
coeff.

Fidencial
lim its

lower upper

B. P P D 24 39.1 57 10.4 26.6 31.8 46.4
M . bovis A. P P D 20 28.3 32 3.7 13.7 25.8 30.7

Ps 36 46.9 64 8.3 17.7 39.1 52.7

B. P P D 5 15.6 23 4.7 30.6 12.6 18.9
M . avium A. P P D 29 49.3 58 8.4 17.0 43.3 55.3

Ps 2 5.3 13 3.0 57.0 3.3 7.3

B. P P D 8 13.7 20 3.1 23.2 11.4 15.9
M . ulcerans A. P P D 12 16.7 26 3.9 23.4 14.0 19.4

Ps 1 2.5 5 1.4 56.0 1.6 3.4

B. P P D 10 12.9 i6 2.0 16.0 11.4 14.3
M . xenopei A. P P D 14 17.7 20 2.1 11.8 16.3 19.1

Ps 1 2.9 5 1.2 43.7 2.0 3.8

B. P P D 0 2.0 4 1.1 55.0 1.2 2.7
N on infected

A. P P D 0 1.8 4 l . l 62.0 1.0 2.5
control

Ps 0 1.6 3 0.9 60.0 0.9 2.2

* SEM , stan d ard  erro r o f the  m ean

Fig. 2. T he b la s t tran s fo rm a tio n  a c tiv ity  of th ree  an tigens de te rm in ed  w ith  ly m p h o cy tes

1* Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



4 TUBOLY et al.

T he M . bovis an tig e n  Ps was m ore ac tiv e  in the  hom ologous system  th a n  
B ovis P P D , b u t  fa iled  to  induce b la s t tra n sfo rm a tio n  in  lym p h o cy tes  from  
g u in ea  pigs in fec ted  w ith  th e  o th e r s tra in s .

T ransfo rm ed  cells are show n in Figs 3 and  4. The dynam ics of th e  d e ­
v e lo p m en t of se n s it iv ity  varied  w ith  th e  sensitiv ing  s tra in s . W ith  M . bovis, 
m ax im u m  tra n s fo rm a tio n  ra te  (40%  w ith  hom ologous an tig en ) was reach ed  
3 w eeks a fte r th e  in fec tio n . The ly m p h o cy tes  from  guinea pigs sensitized  w ith  
M . a v iu m , M . ulcerans or M . xenopei show ed m ax im um  tra n sfo rm a tio n  values 
f ro m  th e  4 th  w eek on (Fig. 2).

P a r t  of th e  ly m p h o b las ts  ex ten d ed  th read -lik e  processes, v a riab le  in 
le n g th , from  th e  cell surface betw een  th e  48 an d  72 hours of cu ltu rin g  (F ig . 5).

Fig. 3. T ran sfo rm ed  ly m p h o b la st

Fig. 4. T ran sfo rm ed  ly m p h o b la st

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



TUBERCULIN SENSITIVITY OF LYMPHOCYTES 5

F ig . 5. Lym phoblast w ith  thread-like processes

T hreads w ere seen e ither along th e  en tire  c ircum ference of th e  cell, or 
occurred  only over a m ino r area o f th e  cell surface. Such form s covered 5—8 %  
of th e  tran sfo rm ed  cells in hom ologous system s.

Discussion

The se n s itiv ity  o f lym phocy tes from  guinea pigs in fec ted  w ith  various 
M ycobacterium  species was challenged  w ith  th re e  d iffe ren t M ycobacterium  
an tigens.

The an tigens B ovis P PD  and  A vium  P P D  induced  tra n sfo rm a tio n  o f 
lym phocy tes from  all infected an im als. F o r ly m p h o cy tes  o f guinea pigs sen ­
sitized  w ith  M . bovis, th e  tran sfo rm a tio n  ra te  w ith  th e  tw o  an tigens was a p ­
p ro x im ate ly  th e  sam e , b u t considerab ly  differed  in  system s sensitized w ith  
M . avium . The ly m p h o cy te s  cu ltu res p rep a red  from  anim als sensitized w ith  
M . ulcerans, or M . xenopei th e  tw o an tig en s ap p eared  to  be ap p ro x im ate ly  
eq u a lly  active.

The an tigen  P s , p rep ared  from  th e  A N 5 s tra in  o f M . bovis, induced  t r a n s ­
fo rm atio n  exclusively  in  M . bovis-sensitized  ly m p h o cy tes , b u t  in  these to  a 
g re a te r  degree th a n  B ovis P P D . I t  h ad  no influence  w h a tev e r on lym phocy tes 
from  guinea pigs sen sitized  w ith s tra in s  o th e r  th a n  M . bovis.

T hread-like s tru c tu re s  like tho se  observed  b y  us on th e  surface of ly m ­
p h o b lasts  betw een  th e  4 8 th  and 72nd hours of cu ltu rin g  h ad  been described 
b y  T h e i n  and  B u s c h m a n n  (1970), w ho a t tr ib u te d  th em  to  an  a n tig e n -a n ti­
bo d y  reaction . A lth o u g h  the  phenom enon  occurred  reg u la rly  in  our ex p eri­
m en ts , we are of th e  op in ion  th a t  th e  lia b ility  of ly m p h o cy tes  to  in ju ry  m u st 
n o t be d isregarded  as one of its possible causes.
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Sum m ary

L ym p h o cy tes fro m  g u in ea  pigs in fec ted  w ith  M ycobacterium bovis, M . a v ium , M . ulcerans 
o r  M . xenopei were te s te d  fo r sen sitiv ity  to  th e  m y co b acte riu m  an tig en s B ovis P P D , A vium  
P P D  a n d  a p u rified  M . bovis a n tig en  d esig n ated  P s . T he b las t tran s fo rm a tio n -in d u c in g  a c tiv ity  
o f each  an tig en  w as d e te rm in ed .

B ovis P P D  an d  A v iu m  P P D  in d u ced  b la s t  tran s fo rm a tio n  in  cu ltu re s  sensitized  w ith  
M . bovis in  an  a p p ro x im a te ly  equal p e rcen tag e  w hereas th ey  co n sid erab ly  d iffered  in  a c tiv ity  
as te s te d  in  M . a tdum -sensitized  system s. T h ey  show ed  again, nearly  e q u a l a c t iv ity  in  M . ulcerans 
a n d  M . xenopei system s.

T he an tigen  P s , w h ich  h ad  been  p re p a re d  from  th e  A N S s tra in  o f M . bovis, induced  
b la s t  tran sfo rm a tio n  ex c lu siv e ly  in  th e  hom ologous system .
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EPIZOOTOLOGICAL AND CLINICAL STUDY 
OF FELINE PANLEUCOPENIA

(IN F E C T IO U S  G A S T R O E N T E R IT IS  O F  T H E  CAT)

B y

Z. H orváth , L. P app  and A. B artha

D e p artm en t of In te rn a l D iseases (H ead: Z. H orváth) an d  In s t i tu te  o f E pizoo to logy  and  
B acterio logy  (H ead : J .  MÉSZÁROS), U n iv e rs ity  o f V e te rin a ry  Science, B u d ap est

(R eceived N o v em b er 24, 1972)

As for severa l y ea rs  a su b s ta n tia l p a r t  of th e  ca ts  exam ined  in  th e  Sm all 
A nim al H o sp ita l o f th e  D e p a rtm en t o f  In te rn a l D iseases suffered  from  v ira l 
pan leucopen ia  (V P), an  o p p o rtu n ity  p resen ted  for d e ta iled  in v estig a tio n s in to  
th e  ep izootology an d  clin ical aspects o f th is  disease.

A tte m p ts  was m ad e  to  estab lish  th e  seasonal f lu c tu a tio n  an d  age group 
d is tr ib u tio n  of th e  d isease, to  d iffe ren tia te  its  clin ical form s an d  to  develop 
effective th e ra p e u tic  m easures. V irus s tra in s  were iso la ted  an d  an  ex p erim en ta l 
vaccine w as p rep a red  fo r p rev en tiv e  purposes.

In fec tio u s feline g a s tro en te ritis  w as f ir s t  described b y  V e r g e  and  Ch r iso fo r o n i in 
1928 (c it. Ma n n in g e r  a n d  M ó csy , 1965). In  th e  m eantim e th e  disease was recognized all over 
th e  w orld  and  num erous a u th o rs  co n trib u ted  new  d a ta  to  th e  know ledge of its  ep izoo to logy  and 
sy m p to m ato lo g y ) Ac k e r m a n n , 1959; Ch r is t o p h  and  V ie r n e is e l , 1961; D a v id so n  an d  
St o c k in g , 1952; F in d l a y , 1932; F r e u d ig e r , 1971; K r a f t , 1961; Me h l s , 1950; S ch u lze , 
1954; V o g e l , 1961; W e y e r s , 1954), The disease  was described  u n d e r va rio u s n am es, referring  
to  one o r a n o th e r c h a ra c te ris tic  patho log ical, h aem ato log ica l, ep izootological o r clinical fea tu re  
o f th e  condition . Some o f th ese  term s were e n tire ly  inco rrec t an d  m isleading, such  as “ feline 
d is tem p er” , “ feline ty p h o id ” , “ feline p lag u e” , “ p seudo-m em branaceous e n te r itis” . R ecen tly  
th e  n am es “ infectious ag ran u lo cy to sis” , “ in fec tious e n te r itis”  an d  “ in fectious g a s tro en te ritis”  
have  b een  preferred .

K rem bs  and  Sie g f r ie d  (1936), and  la te r  also o thers (E n g l e r t , 1953; L in d a u e r , 1953), 
described  a  V P-like c a t d isease, w hich, in th e ir  opinion, w as aetio log ica lly  d is tin c t from  V P , 
and  te rm ed  it infectious la ry n g o -en te ritis . In  th e  m eantim e several a u th o rs  (Ch r is t o p h , 1963; 
K ir k , 1971; R ö iir e r , 1968; W il k in so n , 1966) have ad v o ca ted  th e  aetio logical id e n tity  of th e  
tw o cond itions, b u t  Ma n n in g e r  and  Mócsy (1965) described in fec tious feline la ry n g o en te ritis  
as an  indep en d en t disease in  th e ir  tex tbook .

T he in tro d u c tio n  of th e  tissue cu ltu re  tech n iq u e  iu to  v iro logical research  m ade  th e  
iso lation  of th e  causal a g en t o f  V P possible. J ohn son  (1964, 1965) id en tified  th e  v iru s iso lated  
from  a Zoo leopard  th a t  h a d  succum bed  w ith  g a s tro en te ritis  as th e  aetiological ag en t o f th e  
pan leucopen ia  and  g as tro en te ritis , occasionally  causing o u tb rea k s  in  cats. This disease p roved  
to  be aetio logically  an d  c lin ically  iden tical w ith  th e  infectious p an leu co p en ia  of th e  dom estic  cat.

In  H u n g ary , u p  to  no w  only  J ármai (1934) has re p o rte d  s tu d ies  on  V P  of th e  dom estic  
cat. R ecen tly  V e t é s i a n d  B a l sa i (1971) obse rv ed  V P  in  carcases of racoons k e p t in  th e  B u d a ­
pest Zoo.
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M ateria l an d  M ethods

On the  basis o f  te n -y e a r  s ta tis tic s  (1962— 1971) of th e  Sm all A nim al 
H o sp ita l, the  ab so lu te  n u m b e r  an d  percen tag e  o f ca ts  a d m itte d  w ith  V P  were 
es tab lish ed  (Table I) a n d  a cu rve  w as co n stru c ted  for seasonal an d  an n u a l

Table I

In c id e n ce  of v iral p an leu co p en ia  am ong th e  ca ts  a d m itte d  to  th e  Sm all A n im al H o sp ita l 
(U n iv ers ity  o f  V e te rin a ry  Science) in  th e  period  fro m  1962 to  1971

Year 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 Totals

T o ta l no. of cat 

p a tie n ts 603 745 704 828 849 856 785 816 875 883 7944

C ats suffering from  V P 137 163 154 231 195 194 206 138 167 185 1770

P ercen tag e 22.7 21.8 21.8 27.9 22.9 22.6 26.3 16.9 19.0 20.9 22.3

Fig.

J_____I-----1-----1-----1-----1---- :---- 1-----1---- 1---- 1---- 1-
3 F M A M 3 3 A S O N D

1. S easo n a l f lu c tu a tio n  of v ira l p an leucopen ia , 1962— 1971

f lu c tu a tio n s  of incidence (F ig. 1). F u r th e r , ca ts suffering from  V P  w ere grouped 
acco rd in g  to  age (age g ro u p s: 2— 3, 4 — 6, 7— 12 m o n th s, 1.5— 2, 3, 4, 5, 6 and  
7— 8 years) and  th e  age group d is tr ib u tio n  of incidence an d  p e rcen tu a l losses 
w as p lo tte d  ou t g rap h ica lly  (F ig . 2).

D iagnosis w as e s tab lish ed  on th e  basis of ch a rac te ris tic  sym p to m s and 
haem ato log ica l f in d in g s . D iagnostic  d a ta  were th e n  com pared  w ith  th e  p o s t­
m o rte m  findings reco rd ed  in  th e  D e p a rtm e n t of P atho log ica l A n ato m y .

Iso lation  of th e  cau sa l ag en t was a tte m p te d  from  v arious organs (p h a r­
y n x , lungs, sm all in te s tin e , sp leen , liver) of 47 ca ts  died w ith  sy m p to m s of 
V P , using  cat ren a l e p ith e lia l cell cu ltu res . Secondary  cell cu ltu res  w ere m ore 
su ita b le  for v irus iso la tio n  th a n  p r im a ry  ones.
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FELINE PANLEUCOPENIA 9

T he virus was iso la te d  from  v ario u s  organs o f ca ts  Nos 463, 544, 416, 
553, 423 and  537. I n  such  cases th e  v iru s  was recovered  from  all exam ined  
o rgans. The v irus p ro v e d  to  be ch lo ro fo rm  re s is ta n t, a n d  specific a n tise ra  
n e u tra liz e d  i t  up to  a t i t r e  of 1 : 32.

F o u r h ea lth y , su scep tib le  cats aged  3— 4 m on th s w ere in fected  in tra -  
n asa lly  an d  orally  w ith  th e  fou rth  passag e  of an  iso la te . Two cats  of s im ila r 
b o d y  w eight served  as contro ls. Clinical exam in a tio n s w ere perform ed da ily

Fig. 2. Incidence (----- ) of, an d  losses (— • — — ) from  v ira l p an leucopen ia  in th e  d iffe r­
en t age groups

Fig. 3. B ody tem p e ra tu re  (— • — • — • ) and  leu co cy te  count o f ex p erim en ta lly  in fected  c a t
No. 271/a
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a f te r  th e  ex p erim en ta l infection  and  e ry th ro c y te  and  leucocy te  counts as 
w ell as d ifferen tial co u n ts  were d e te rm in ed  every  o th e r d ay . A d e ta iled  u rin e  
an a ly s is  was also ca rr ied  ou t. T he ch a rac te ris tic  sy m p to m s o f V P began  to  
a p p e a r  4— 5 days a f te r  infection . B ody  tem p era tu re  va lu es  and leu co cy te  
c o u n ts  of ca t N o. 271 /a , from  ex p e rim en ta l infection  to  d e a th , are show n in  
F ig . 3. The v irus could  be re iso la ted  from  th e  carcases o f tw o  ca ts w hich d ied  
9 a n d  10 days a fte r  in fec tio n . T he co n tro l anim als w ere free from  sy m p to m s 
th ro u g h o u t. In  a n o th e r  in fection  ex p e rim en t, also perfo rm ed  on 4 ca ts , one 
a n im a l died; th e  co n tro ls  again  rem a in ed  h ea lth y . C onvalescent sera w ere 
fo u n d  to  contain  specific  an tibod ies w hich  n eu tra lized  exclusively  th e  v iru s  
o f  V P .

Preparation and trial of vaccine

The virus iso la te d  from  ca t N o. 537 was p ro p ag a ted  in  secondary  ca t 
e p ith e lia l  cell cu ltu re  fo r 6 days, th e n  0 .2 %  co n cen tra ted  fo rm aldehyde  so ­
lu tio n  was added an d  th e  fo rm a lin -tre a te d  v iru s was allow ed to  s tan d  a t  room  
te m p e ra tu re  for 3 d ay s .

T he vaccine w as te s ted  for im m unogen ic ity  in in fec tio n  experim en ts. 
T h e  ca ts  were ex am in ed  for h ea lth  s ta tu s , e ry th ro cy te , leu co cy te  and  d iffe r­
e n tia l  counts w ere d e te rm in ed  an d  th e  usual urine analysis  was perfo rm ed . 
T h re e  cats aged 4— 5 m on th s were each  given su b cu tan eo u sly  one m l of th e  
e x p e rim e n ta l vacc ine ; a n o th e r  th ree  ca ts  o f sim ilar age w ere tre a te d  w ith  th e  
in a c tiv a te d  o rgan  suspension  F e lidovac  (B ehringw erke) b y  th e  sam e ro u te . 
V iru s-n eu tra liz in g  an tib o d ies  ap p eared  in  th e  sera of th e  c a ts  a f te r  14 d ay s. 
T h e  ti tre s  ranged  fro m  1 : 16 to  1 : 128. The six v a cc in a ted  ca ts  and  th re e  
c o n tro l cats were th e n  challenged o ra lly  and  in tra n a sa lly  w ith  a V P v iru s  
s t r a in  iso lated  in  th is  la b o ra to ry . T he v a cc in a ted  anim als d id  n o t  show sy m p ­
to m s , w hereas th e  co n tro ls  developed V P  an d  died. The carcases w ere au to p sied  
a t  th e  D ep artm en t o f P a th o lo g ica l A n a to m y  b y  D r. F . V e t é s i .

Clinical observations

Sym ptom s. H y p e ra c u te , acu te  an d  chronic form s o f V P  could be d is ­
tin g u ish e d  on th e  basis  o f sy m ptom s an d  course.

T he h y p e racu te  fo rm  is ch a rac te rized  b y  a b ru p t o n se t, m arked  lis tle ss­
ness , h igh fever (41— 42 °C), fits  o f v o m itin g  and exsiccosis, follow ed by  su b ­
n o rm a l tem p era tu re  a n d  d ea th  a f te r  3 —4 days. The leu co cy te  cou n t fell to
1000—5001pi.

The acute fo rm , th e  m ost f req u en t m an ifesta tion  o f V P . is ch aracterized  
b y  m ark ed  listlessness, h igh te m p e ra tu re  (40.5—42 °C), f re q u e n t, p rac tica lly  
u n in te r ru p te d  v o m itin g  and  a b ile-like yellow ish-green co lour and  s lig h tly
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FELINE PANLEUCOPENIA 11

fo am y  ap p earan ce  o f th e  vom itus. T h e  ca ts  show  signs o f g rea t th ir s t;  th e y  
often  sa tisfy  th e ir  ex trem e  w ater re q u ire m e n t b y  su p p o rtin g  th e  chin  on th e  
rim  of th e  w ate r bow l an d  sipping w a te r  all day . F re q u e n t vo m itin g  resu lts  in 
a severe exsiccosis. T h e  skin can easily  he lifted  anyw here  over th e  body  su r­
face, b u t  especially  in  th e  dorsal reg ion . The creases rem a in  well visible for 
severa l m inu tes (F ig . 4). The sick ca ts  h av e  a pecu liar d is tra c te d  gaze an d  scarce­
ly  resp o n d  to  th e ir  env iro n m en t. T he re tro p h a ry n g ea l an d  su b m an d ib u la r 
ly m p h  nodes are s lig h tly  swollen. T he co n ju n c tiv a  ex h ib its  redden ing  an d

F ig . 4. Severe exsiccosis caused by  pan leucopen ia

th e re  is a slight la c rim a tio n . The b re a th  is foul-sm elling. Som etim es a regu lar 
a rch -sh ap ed  necro tic  zone, 3—4 m m  w ide, develops in th e  to n g u e  m ucosa, 
an d  f in a lly  becom es d esq u am ated  (pan leucopen ic  m arg in a l u lcer of th e  to n ­
gue) (F ig . 5). In  p a r t  o f th e  cases, ab o v e  all in cats o lder th a n  h a lf  to  one yea r, 
a yellow ish, p u ru len t-ap p earin g  d ep o sition , w hich can be w iped off. appears 
on th e  surface o f th e  tonsils , w hich a re  red  and swollen th ro u g h o u t th e  course 
of th e  d isease. The o ra l changes a re  accom pan ied  b y  a s ligh t sa liva tion . Sw al­
low ing is a p p a re n tly  p a in fu l. The ca ts  refuse food for severa l days. In itia lly  th e  
in te s tin a l tra c t  seem s em p ty  on p a lp a tio n ; gas and  flu id  ap p ea r in i t  only 
a fte r  4 — 5 days (a ch a rac te ris tic  sp lash  is h ea rd  on deep p a lp a tio n  of th e  s to m ­
ach). A t th is  tim e  d ia rrhoea  sets in  and  th e  m ark ed ly  foul-sm elling stool 
o ften  con ta ins b lood  streak s. O ccasionally , th e  liver is s lig h tly  enlarged , ac ­
com pan ied  b y  a scarce ly  no ticeab le  yellow ish co lo ration  o f th e  visib le m ucous 
m em branes. One o f th e  ca ts  th a t  y ie lded  v irus h ad  liv er d y s tro p h y  in  a d d i­
tio n  to  th e  o th e r sy m p to m s.

A m ong th e  la b o ra to ry  e x am in a tio n s , haem ato log ica l te s ts  are v e ry  im ­
p o r ta n t . P ara lle l to  th e  deve lopm en t o f sym ptom s, th e  leucocy te  co u n t falls 
m ark ed ly . The leucopen ia  is occasionally  v e ry  severe, w ith  leucocy te  coun ts
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as low  as 500—800//Д. T he e ry th ro c y te  coun t does n o t n o ta b ly  change; it 
m a y  eve rise above th e  physio logical level, owing to  th e  severe exsiccosis and  
h aem o co n cen tra tio n . E v a lu a tio n  of th e  d ifferen tia l co u n t is ren d ered  d ifficu lt 
b y  th e  leucopenic s ta te ;  th ick  sm ears are requ ired  to  o b ta in  p ro p er in fo rm a­
tio n . T he bulk of w h ite  blood cells are  lym phocy tes.

T he urine c o n ta in s  trace  am o u n ts  of p ro te in  an d , if  th e re  is also liver 
d y s tro p h y , an ab n o rm a l q u a n tity  o f bile p igm ents, b u t  no o th e r patho log ical 
c o n s titu e n ts .

Fig. 5. P an leucopen ic  m arg in a l u lcer of th e  tongue

Chronic УР is developed  b y  ca ts  w hich im prove o n ly  tem p o ra rily , if  
a t  a ll, a fte r the  acu te  s ta g e . E ssen tia lly  i t  can  be reg ard ed  as a p ro tra c te d  form  
o f  a c u te  YP. The sick  ca ts  are in  a po o r general co n d itio n , ly ing  m ostly  in 
s tu p o r .

T he inner te m p e ra tu re  is u su a lly  norm al, b u t  a m ed ium  high, in te r ­
m i t te n t  fever (39.6— 3 9 .9 °C ) m ay  occur. The skin is d ry  an d  flaccid , and  
a severe  exsiccosis o f te n  develops. T h e  visib le m ucous m em b ran es, especially  
th e  con junctiva  an d  th e  soft p a la te , are  pale . The tonsils  a re  in v a riab ly  en ­
la rg e d  and red. A p p e tite  is poor, or irreg u la r. The d iseased ca ts  consum e some 
m e a t for 2—3 days, th e n  refuse ev e ry th in g  excep t w a te r  or te a  for several 
d a y s . T here is a g ra d u a l loss of cond itio n , som etim es re su ltin g  in  a severe em a­
c ia tio n . A t this s tag e  v o m itin g  ceases, b u t  in te s tin a l c a ta r rh  an d  d iarrhoea
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p ers is t despite  all th e ra p e u tic  efforts. P ro te in u ria  ap p e a rs  or, if  a lready  p re s ­
e n t, i t  rises to  a c o n c e n tra tio n  of 100— 150 m g/100 m l. T h e  e ry th ro cy te  co u n t 
decreases m arked ly , to  2 .5— 3.5 m illion//il, w hereas th e  leucocy te  coun t rises 
( !) above th e  physio log ica l level. D iffe ren tia l c o u n tin g  show s an increased  
ly m p h o cy te  coun t.

D iagnosis. T his can  unequ ivocally  be e s tab lish ed  on th e  basis o f th e  
ch a rac te ris tic  clinical sy m p to m s and  haem ato log ica l fin d in g s. E xclusion  of 
a p ico rnav irus in fec tion  m ay  be d ifficu lt, b u t  th e  m ain  sym ptom s of these  
are  re sp ira to ry  (qu ick , d ifficu lt re sp ira tio n , sneezing) r a th e r  th a n  en te ric , 
an d  a lth o u g h  th e  leu co cy te  coun t m ay  decline i t  does n o t  exceed th e  degree 
com m on w ith  v ira l d iseases (1800—2000/jul). A su rv ey  o f th e  m ain  v ira l c a t 
diseases is p resen ted  in  T ab le  I I .

Table II

S u rv e y  of th e  m ain  v ira l c a t diseases

Disease
System atic position 

of causal agent
M orbidity

rate
M ortality

ra te C haracteristic symptoms

Panleuco-
penia

P arvov irus high high M arked listlessness, high fever, vom iting , 
d iarrhoea, m arg inal lingual ulcer, 
severe exsiccosis

R hino trachei-
tis

H erpesvirus high low or 
m edium  
high

Sneezing, n asa l discharge, con junctiv ­
itis, occasionally  u lcerative stom atitis  
(m ore o ften  on h a rd  th an  soft pa la te), 
ra re ly  n ervous sym ptom s

“ In flu en za” P ico rnav irus
(various
serotypes)

high low Sneezing, n asa l discharge, lacrim ation , 
con ju n c tiv itis , d ifficult resp iration , 
m icrobronch itis , c a ta rrh a l pneum onia, 
en te ritis

R abies R habdov irus low high M arked ex c ita tio n  and aggressivity , t r i ­
gem inal paralysis, d ifficult deglu tition

A ujeszky’s
disease

H erpesvirus low high S alivation , h iccup , m arked d ila ta tio n  of 
one or b o th  pupils, ag ita ted  flagellar 
m ovem en ts o f th e  tail under co n stan t 
crying, change of place. In  typ ica l 
cases ru th le ss  scratching of th e  facial 
region.

B acteria l e n te r itis  can  be excluded  on th e  basis o f absence of ch a rac ­
te r is tic  haem ato log ica l find ings.

On d iffe ren tia tin g  Y P  from  non-in fectious diseases, considera tion  should  
be given to  g a s tro e n te ritis  due to  a lim en ta ry  fac to rs or lickcd-off h a ir and  to  
o b lite ra tio n  of th e  in te s tin e  b y  a foreign body ; these  v e ry  freq u en t conditions 
cause n e ith e r fever n o r  leucopenia . T he chronic , anaem ic  form  of Y P should  
be d iffe ren tia ted  from  th e  toxicosis caused b y  cu m a rin -ty p e  ra t  poison.

Therapy o f  V P . W e propose th e  follow ing th e ra p e u tic  m easures: blood 
from  rep ea ted ly  v a c c in a te d  ca ts  (hosp ita l blood donors) shou ld  be adm in istered
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b y  slow in trav en o u s  in jec tio n  im m ed ia te ly  a fte r  adm ission , in  a dose co rre ­
spon d in g  to  the  b o d y  dim ensions (5— 15 m l). The blood is ta k e n  from  th e  donors 
b y  card iac p u n c tu re . I f  exsiccosis is severe, R inger so lu tio n  c o n ta in in g  5%  
glucose should be ad m in is te red  in tra v e n o u s ly  and  su b cu ta n e o u s ly , and  10— 
20 m g v itam in  C, 0.012 mg S tro p h an tin  or 0.01— 0.02 g caffe ine  shou ld  be 
g iven . I f  exsiccosis is m edium  severe, su bcu taneous a d m in is tra tio n  o f flu id  is 
su ffic ien t.

W ith  very  severe  exsiccosis, in tra v e n o u s  in jec tion  of th e  f lu id  is im p e ra ­
tiv e  (slowly, in sm all am o u n ts), fo r cu taneous abso rp tio n  is de layed , due to  
th e  poor c ircu la tion . In  such cases th e  subcu taneously  in je c te d  flu id  accu m u ­
la te s  in  th e  low er p a t  o f th e  ch est as an  “ aqueous sw elling”  an d  m ay  t r a n s ­
fo rm  in to  an abscess. To p rev en t th is  com plica tion , a sm all a m o u n t of c ry s ta l­
line penicillin or a n o th e r  w ate r-so lub le  an tib io tic  should be a d d ed  to  th e  su b ­
cu tan eo u sly  ad m in is te red  e lec tro ly te  so lu tion . S econdary  b a c te r ia l g a s tro ­
e n te r itis  is p rev en ted  b y  tre a tm e n t w ith  0.25 g neom ycin  or N eo-Te-Sol pow der 
in  en teroso lven t capsu le  or in bo lus for 3 —4 days. B ac te ria l in fec tio n s o f o th e r 
o rg an s are p re v e n te d  or con tro lled  by  aqueous or oily ch lo ram phen ico l in ­
je c tio n . To im prove  liver fu n c tio n , 300 fig  v itam in  B 12 is a d m in is te red  in tr a ­
m u scu la rly  for sev era l days and a 10%  glucose solu tion  o ra lly  on several occa­
sions. Blood tra n sfu s io n  can be re p e a te d  a t  in te rv a ls  of 2 —3 days w ith  h a lf  
a m o u n ts , and in tra v e n o u s  an d  su b cu tan eo u s  ad m in is tra tio n  o f  flu id  can be 
co n tin u ed  on a d a ily  schedule. Cam om ile te a  should be g iven  in s te a d  o f d rin k ­
in g  w a te r. The an im als  m ust n o t be fed  u n til  vom iting  ceases. F resh , uncooked  
b e e f  or horse m ea t an d  m inced ch icken  liver are th e  d ie t o f choice. A fter com ­
p le tio n  of th e  a n tib io tic  cure, P o ly v ita p le x  coated  pills shou ld  be given for 
4 — 5 days, for v ita m in  supply . T h is t re a tm e n t should be co n tin u e d  for a t  least 
one week a fte r th e  sy m ptom s h av e  subsided .

Prognosis

All forms o f V P  are severe an d  th e  prognosis is u su a lly  poor. M orb id ity  
a n d  m o rta lity  are  b o th  high. O u tb reak s  m ay  kill all cats in  a s tre e t or d is tr ic t 
o f  a tow n. O ut of 1770 cats tre a te d  for Y P  in  th e  Sm all A n im al H o sp ita l over 
a perio d  of 10 y e a rs , 1011 (57.1% ) died . T he m o rta lity  ra te  w as 77.8%  in th e  
age group of 2— 3 m o n th s  and  61 .1%  in th a t  of 4 —6 m o n th s. T he chances of 
su rv iv a l seem ed re la tiv e ly  b e tte r  in th e  age groups o f 7— 12 m o n th s and , 
especially , 1.5— 2 y e a rs , th e  losses being  50 and  46 .8% , resp ec tiv e ly . T he p e r­
cen tag e  of recoveries d id  no t n o ta b ly  change w ith  progressing  age: e.g. th e  d ea th  
r a te  was 58.3%  in  th e  3-year-old  age group .

L ite ra ry  d a ta  (Catcott , 1964; K i r k , 1971) and  o u r ow n experience 
u n equ ivoca lly  show' th a t  su rv ivors acqu ire  a lifelong im m u n ity  to  Y P.
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Prevention

In  severa l co u n trie s , vaccines c o n ta in in g  in a c tiv a te d  У Р v irus h av e  been  
used for p rev en tio n . T he op tim al age fo r th e  f irs t  v accination  is 3 m o n th s . 
A b o oste r dose should p re fe rab ly  be g iven a t  6 m o n th s. L a te r a y ea rly  b o o s te r  
dose is su ffic ien t.

A m ore firm  im m u n ity  can be e s ta b lish e d  b y  vaccines co n ta in in g  liv e  
v irus o f a tte n u a te d  in  tissu e  cu lture , w h ich  is know n to  be m ore im m unogen ic  
th a n  k illed  v iru s. T he schedule is th e  sam e as above. V accination  o f p re g n a n t 
cats w ith  live v ira l v acc ine  is co n tra in d ic a ted , for th e  v irus causes co n g en ita l 
a b n o rm a lity  in  th e  foetuses, chiefly cereb e llar a ta x ia . N a tu ra l in fection  d u rin g  
p regnancy  m ay have sim ilar consequences ( K i r k , 1971).

Conclusions

A ccord ing  to  ou r own experience, V P  is a a v e ry  freq u en t, o ften  fa ta l  
ca t d isease. O ut of a to ta l  of 7944 ca ts t r e a te d  in  th e  Sm all A nim al H o sp ita l 
over a 10-year period  (1962— 1971) 1770 (22 .3% ) h ad  V P. O u tb reak s are  m o st 
freq u en t in th e  early  sp rin g  and au tu m n  season  an d  incidence ten d s to  decrease  
d u ring  sum m er (F ig. 1). As to  age g ro u p  d is tr ib u tio n , k itte n s  as y o u n g  as 
2— 3 m o n th s  m ay a lread y  con trac t th e  in fec tio n  (9.94%  of onr V P  p a tie n ts  
belonged to  th is  age g roup). These k it te n s  w ere th e  progeny of p e t ca ts  w h ich  
h ad  n o t h ad  VP. S uscep tib ility  is v e ry  h igh  r-t 4 —6 m onths (24 .3%  o f o u r 
ca t p a tie n ts  from  th is  age group had  V P ). T he e rup tion  of p e rm a n e n t te e th  
tak es  p lace in  th e  sam e period and m ass losses am ong k itten s  a t th is  age h av e  
th ere fo re  been e rroneously  a ttr ib u te d  to  th e  d e n titio n , especially  in  th e  c o u n try , 
w here V P  is know n b y  a popu lar nam e re fe rr in g  to  to o th  troub le .

Inc idence  is a t p eak  a t 7— 12 m o n th s  of age (38.3%  of h o sp ita lized  ca ts). 
This can  be exp lained  b y  sexual m a tu ra tio n  an d  th e  re la ted  w anderings, v iz ., 
an a b ru p t  increase o f exposure to  in fec tio n  VP is s till re la tiv e ly  fre q u e n t a t 
1.5— 2 years  of age (16 .2%  of h o sp ita lized  ca ts), b u t its  incidence is q u ite  low  
above 3 years (6 .10% ). A rare  occurrence w as observed  betw een  4 and  8 y ea rs  
of age (2.0 — 0 .34% ); in  these  age g roups on ly  p e t ca ts  m a in ta in ed  in  iso la tio n  
from  o th ers  becam e in fected .

P a r t  o f th e  sick ca ts  showed an a rch -lik e , 3 —4 m m  wide m arg in a l e ro ­
sion o f th e  lingual m ucous m em brane, e x te n d in g  over th e  sides and  tip  o f th e  
tongue . A ccording to  K irk  (1971), th is  lesion also occurs in rh in o tra c h e itis  
or in  m ixed  rh in o trach e itis-V P  in vec tions, b u t  accord ing  to  our own experience, 
rh in o trach e itis -asso c ia ted  oral lesions localize on th e  soft an d  h a rd  p a la te  
ra th e r  th a n  on th e  tongue . Ch risto ph  (1963) te rm ed  th e  to n g u e  lesion as 
ag ran u lo cy to tic  lin g u a l ulcer, we p re fe r th e  nam e  panleucopenic u lcer.

V irus iso lation  an d  infection ex p e rim en ts  have unequ ivocally  show n th a t  
in fec tious feline la ry n g o en te ritis  and  V P  re p re se n t one and  th e  sam e c a t d isease .
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T h e ra p e u tica lly , n e u tra liz a tio n  o f th e  causa l ag en t by  specific an tib o d ie s  
a n d  rep lacem en t o f w h ite  b lood cells b y  in tra v e n o u s  ad m in is tra tio n  o f h o m o l­
ogous blood are  o f decisive im p o rtan ce . I t  is rem ark ab le  th a t  blood t r a n s f u ­
sion is scarcely  re fe rred  to  in  th e  l i te ra tu re ;  th e  re la te d  p u b lica tions a d v o c a te  
an tib io tic  th e ra p y  a n d , som etim es, f lu id  in fu sio n , b u t  do n o t seem  to  a t ta c h  
a n y  im p o rtan ce  to  th e  con tro l of leucopen ia  b y  blood tran sfusion . A n o th e r m ain  
req u irem en t o f successfu l th e ra p y  is an  a p p ro p ria te  reh y d ra tio n , i f  possib le  
b y  th e  in tra v e n o u s  ro u te .

One m ain  reaso n  o f th e  h igh m o rta li ty  r a te  seem s to  be th e  c ircu m stan ce  
th a t  th e  overw helm ing  m a jo rity  of th e  c a ts  are  b ro u g h t to  th e  elinic in  an  a d ­
v an ced  stage  o f d isease , 3— 6 days a f te r  o n se t. T he ow ners u sua lly  m is ta k e  
th e  disease fo r an  “ in d ig es tio n ”  or th e  c a t i ts e lf  hides for several days b ecau se  
o f  feeling severe ly  ill; in  e ith e r case, th e  c ritic a l f ir s t  days are lo st fo r th e r a ­
p eu tic  ap p ro ach .

The sp read  o f th e  disease could on ly  be  p rev en ted  b y  regu lar p re v e n tiv e  
vacc in a tio n .

Sum m ary

Clinical a n d  ep izooto log ical stud ies on 1770 c a ts  d iseased  in  feline v ira l p an leu co p en ia  
(V P ) are rep o rted . T h ree  d iffe ren t clinical fo rm s o f  V P  were d iffe ren tia ted , effic ient th e ra p e u tic  
m easures were ev o lved  a n d  th e  seasonal f lu c tu a tio n  a n d  ag e-d is trib u tio n  of V P  were e s tab lish ed . 
V irus isolation  an d  v a cc in a tio n  ex p erim en ts w ere perform ed.

O ut o f 7944 ca ts  t re a te d  in  th e  Sm all A n im al Clinic o f th e  U n iv ersity  o f V e te r in a ry  
Science over th e  10 -year p e rio d  from  1962 to  1971, 1770 (22 .3% ) suffered  from  V P . O u tb re a k s  
occurred  above all in  th e  early  spring  and  a u tu m n  seasons. Incidence was h ig h est am o n g  th e  
7 — 12 m onths old c a ts  (38 .8%  of to ta l  incidence).

The disease is m an ifes ted  in  h y p e rac u te , a cu te  o r  chronic form . The acu te  fo rm  is th e  
m o st freq u en t; th is  is ch a rac te rized  by  m ark ed  listlessness, h igh  fever (40.4—42.0°C), f i ts  o f 
v o m itin g , severe exsiccosis an d  leucopenia (leucocyte  co u n ts  m ay  be as low as 500— 1000//Д). 
Som e diseased ca ts  show  an  arch-like , 3—4 m m  w ide necro tic  zone in th e  lingual m ucosa  (p a n ­
leucopénie  m arg in a l u lce r o f th e  tongue). C hronic V P  develops from  th e  acu te  fo rm  a n d  is 
ch arac te rized  by  a  p e rs is te n t in te s tin a l c a ta rrh , a n ae m ia  a n d  cachexy.

The m ain  th e ra p e u tic  m easures are th e  slow in tra v e n o u s  ( !) infusion  of b lood fro m  o ld er 
o r  im m unized  ca ts , r e h y d ra tio n  by  in trav en o u s  a n d /o r  su b cu taen o u s ro u te  and  oral (neo m y cin ), 
a n d  in tram u scu la r  (ch lo ram phen ico l) a n tib io tic  t re a tm e n t fo r th e  p rev en tio n  of seco n d ary  
b a c te r ia l infections.

B o th  th e  m o rb id ity  a n d  m o rta lity  o f V P  are  high.
The v ira l a g e n t w ho iso la ted  from  v ario u s o rg an s o f 6 o f 47 cats w hich h ad  d ied  w ith  

sy m p to m s of V P . T he V P . v iru s was iso lated  in  seco n d ary  ca t ren a l ep ithe lia l cell c u ltu re .
The e x p e rim e n ta l in fec tions an d  v irus iso la tio n s hav e  unequivocally  p roved  th a t  th e  

cond itions know n as in fec tious feline la ry n g o e n te ritis  an d  V P  rep re sen t one an d  th e  sam e 
disease.

A fo rm o l-trea ted  ex p erim en ta l vaccine p re p a re d  from  V P  v irus p ro p ag ated  in se c o n d ary  
c a t  ep ithe lia l cell c u ltu re  p ro v ed  to  be eq u iv a len t w ith  th e  p re p a ra tio n  “ Felidovac”  (B eh rin g - 
w erke).
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ON THE SPECIES OF PARAMPHIST OMU M  
OF CATTLE AND SHEEP IN HUNGARY
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(Received D ecem b er 5, 1972)

V arious P aram phistom um  species are  f req u en t p a ra s ite s  of ru m in a n ts  
in  H u n g a ry . As th e y  are  pathogenic  a n d  th e ir  sy stem atics are p ro b lem a tic , 
closer stud ies on P aram phistom um  a re  n o t only  of a he lm in tho log ica l, b u t  
also o f  a v e te rin a ry  hygienic im p o rtan ce .

N o deta iled  in v estig a tio n s of P aram phistom um  w ere conducted  in  th is  co u n try  u n til  
re ce n tly ; fo rm erly  all su ch  infections were a t t r ib u te d  to  Param phistom um  cervi. K otlán 
(1958) w as th e  f irs t to  d em o n s tra te  th a t  also P . m uicrobothrim  Fischoeder, 1901 a n d  P. micro- 
bothrioides P rice  e t M cIn to sh , 1944 occurred  in  H u n g a ry .

P aram phistom um  species co llected  in  n ea rly  all p a r ts  o f th e  c o u n try  
d u rin g  th e  p as t years are  described in  th is  p a p e r  and  a critica l e v a lu a tio n  of 
th e  know n  species is p resen ted .

Materials and Methods

M ateria ls co llected  in the cen tra l a b b a to irs  o f all counties of H u n g a ry  
ex cep t F e jé r, H eves, N ógrád  and S zab o lcs-S za tm ár were used. The m a jo r ity  
of th e  m a te ria l o rig in a ted  from  B a ra n y a  co u n ty .

P a ra s ite s  recovered  from  the  ru m e n  w ere fixed  in C arnoy’s so lu tion  o f 
70%  e th a n o l and  w ere sto red  in 70%  e th a n o l u n til  processing. The specim ens 
w ere e ith e r  em bedded  in  paraffin  and  c u t in to  8 —10 p  sections in th e  m ed ian  
sa g g itta l p lane , or c u t w ith  a freezing m icro to m e in to  0.5— 1.0 m m  sec tions, 
d epend ing  on th e  species. “ In  toto” p re p a ra tio n s  were also m ade. T he p re p a r ­
ations w ere s ta ined  w ith  h aem atoxy lin  an d  eosin, azane or carm in . A to ta l  of 
370 p re p a ra tio n s  (250 P . daubneyi, 28 P . ich ikaw ai, 52 P . leydeni) w ere a v a il­
able fo r m icroscopic exam ination . C e rta in  organs (testes, pars m usculosa) 
of th e  p a ra s ite s  w ere d issected  out an d  th e ir  s tru c tu re  was s tu d ied  in  s ta in e d  
and  u n s ta in e d  p rep a ra tio n s .
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D escription of th e  p arasites

The f irs t  w ell-founded  sy stem atics o f  P aram phistom um  was e lab o ra ted  
b y  F is c h o e d e r  (1903), who based  species d iffe ren tia tio n  on certa in  m o rp h o ­
log ical and  o rgan ic  p ro p e rtie s  w hich, how ever, d id  n o t p rove to  be fu lly  re liab le  
in  la te r  stud ies.

L ooss (1912) w as th e  f irs t to  show  th a t  th e  s tru c tu re  of th e  g en ita l end  
p a r ts  as well as o th e r  an a to m ica l an d  h isto log ica l p roperties can be u tiliz ed  
in  d iffe ren tia tin g  species of h igh ly  s im ila r m orpho logy . On th e  basis o f  th e se  
considera tions, N ä s m a r k  (1937) e lab o ra ted  fo r A m p h istom um  species a sy s te m ­
a tic  classification  b a se d  on th e  h isto log ica l s tru c tu re  o f th e  p h a ry n x , a tr iu m  
gen ita le  and  a c e ta b u lu m . N I smaric’s sy s te m a tic  p rincip les are now  g en era lly  
em ployed , a lth o u g h  a classification  based  exclusively  on h isto log ical fe a tu re s  
seem s to  be so m ew h a t a rb itra ry  and  m ech an ica l. N evertheless, i t  m ad e  p o s­
sib le e.g. th e  specific  rev ision  of P . cervi ( D u r i e , 1951; Sw a r t , 1954) a n d  th e  
precise  d e fin ition  o f  i ts  geographical d is tr ib u tio n ; fo rm erly  i t  h ad  b een  re ­
g a rd e d  as u b iq u ito u s . A fte r N ä s m a r k , in v es tig a to rs  have  po in ted  o u t th e  
shortcom ings o f  species de te rm in a tio n  on an  exclusively  m orphological an d  
h isto log ical basis a n d  suggested  th a t  i t  shou ld  be rep laced  b y  a bio logical d e f­
in itio n , in  w h ich  th e  evo lu tion  and  s tru c tu re  o f th e  species, th e  ran g e  a n d  
ty p e  of in te rm e d ia te  h o sts , etc., should  also be  ta k e n  in to  considera tion .

Species d e te rm in a tio n s  carried  o u t in  th is  lab o ra to ry , were b ased  on 
N ä s m a r k ’s p rin c ip le s , b u t  were com pleted  b y  certa in  m orphological a n d  or- 
ganological d a ta  an d  th e  range of in te rm e d ia te  hosts was specified w h erev er 
possible. The species descrip tions to  follow  are , a p a r t  from  some new  d a ta , 
n o t  original, b u t  i t  seem ed w orth-w hile  to  inc lude  th em  in th e  general su rv e y  
o f  P aram phistom um  incidence in  H u n g a ry .

P aram phistom um  daubneyi D inn ik , 1962 (Figs 1— 24). The liv ing  p a ra s ite  
is of red  colour, esp ec ia lly  a t  th e  te rm in a l p a r ts . T he sm allest m a tu re  in d iv id u a ls  
a re  4.6 m m , th e  la rg e s t ones 9.8 m m  long , th e  average dim ensions are 6.4 b y  
2.4 m m . The te g u m e n t has tran sv e rsa l fo lds, th e  conspicuous gen ita l a tr iu m  
is localized 1.1 -1 .9  m m  aw ay from  th e  a n te r io r  end, rough ly  in  level w ith  
th e  in tes tin a l b ifu rc a tio n .

A ccording to  D i n n i k  (1964; perso n a l co m m u n ica tio n , 1972), th e  p h a ry n x  
is o f the  Calicophoron  ty p e  (Figs 6— 10) a n d  1.0— 0.5 m m  long b y  0 .85— 0.55 
m m  wide (av e rag e : 0.67 b y  0.7 m m ). I ts  p o s itio n  is te rm in a l, b u t  i t  m a y  be  
deep ly  re tra c te d ; in  th e  la t te r  case a fu n n e l-sh ap ed  e m p ty  space is seen b e ­
tw een  th e  p h a ry n x  a n d  bo d y  end. T he in te r io r  lo n g itu d in a l m u scu la r la y e r  
o f  th e  p h a ry n x  are  0 .1— 0.075 m m  th ick , th e  ra d ia l m u scu la tu re  0.25— 0.15 m m  
th ic k . The m ed ian  c ircu la rly  a rranged  m uscle  lay e r are conspicuous in  som e 
ind iv iduals an d  inconsp icuous in o th ers . T h e  p ro p o rtio n  of th e  p h a ry n x  to  
th e  full len g th  o f  th e  bo d y  is 1 : 9. T he oesophagus is alw ays sh o rte r th a n  th e
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p h a ry n x  (0.7— 0.3 m m  long by  0 .22— 0.09 m m  wide) an d  i ts  shape and  p o si­
tio n  m ay  change, d epend ing  on th e  co n d itio n s of f ix a tio n . One or tw o th in  
m u scu la r layers pass inside its w all a n d  its  surface is covered  by  a th ick  t e ­
g u m en t w hich ceases a b ru p tly  a t th e  level o f th e  b ifu rca tio n  of th e  oesophagus.

T he b ranches o f  th e  caeca pass th ro u g h  th e  la te ra l p a r t  o f th e  body , fo rm ­
ing  seven  in d e p e n d e n t, do rso -v en tra lly  o rien ted  co n to rtio n s . The te rm in a l 
p a r ts  o f  th e  caeca a lw ays bend v e n tra lly  and  end in  level w ith  th e  cen tre  of 
th e  ace tab u lu m  (F ig . 2).

T he testes are localized  in th e  m id d le  th ird  of th e  b o d y , one beh ind  th e  
o th e r in  a sligh tly  d iag o n a l position. T h e y  are  1.1— 1.9 m m  long b y  1.6— 1.7 m m  
w ide, w ith  a d o rso -v en tra l length  o f 1 .1— 2.0 m m . T hey  are  deeply  lo b u la ted  
s tru c tu re s ;  th e  lobules range from  18 to  36 in  num ber. V asa efferen tia  passing  
from  th e  testes jo in  to  form  the vas d efe ren s, w hich w idens to  form  th e  th in -  
w alled  vesicula sem inalis , consisting o f  num erous loops. T he p a rs  m usculosa 
is w ell-developed an d  form s 3—7 c o n to rtio n s  (Figs 3 and  4). T he pars p ro s ta -  
tic a  is tu b -sh ap ed , 120—300 p long, a n d  its  g rea test w id th  corresponds to  
its  le n g th . The su rro u n d in g  glands a re  m o d e ra te ly  developed . T he m ale g en ita l 
o rgan  com m unicates w ith  the  genital a tr iu m  th ro u g h  th e  d u c tu s  e jacu la to riu s . 
T he g en ita l a tr iu m  is o f  th e  M icrobothrium -tyipe. D iam ete r o f gen ita l opening  
is 0 .5— 0.75 m m . T h e  gen ita l fold, n o t  alw ays m easurab le , is 0.1— 0.2 m m  in

F igs 1 — 4. P aram phistom um  daubneyi. 2, v e n tra lly ;  2, la te ra lly ; 3—4, th e  m u scu la r and  p ro s­
ta tic  p a r t  o f v a s  deferens
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d ia m e te r , th e  g en ita l ch am b er is 0.1— 0.17 m m . The g en ita l pap illa  can  easily  
he  recognized b y  its  w ell-developed m uscles. The g en ita l sp h in c te r is o v a l­
sh ap ed  and  35— 37 b y  25—45 p  in size. T he shape of th e  a tr iu m  gen ita le  is 
changeab le , depend ing  on th e  physio log ica l s ta te  in w hich  th e  f ix a tio n  was 
m ad e  (Figs 11— 21).

The ovary  is ro u n d , occasionally  oval an d  0.65— 0.71 b y  0.40—0.63 m m  
in  size. I t  localizes in  th e  space be tw een  th e  second te s tis  a n d  th e  ace tab u lu m . 
T h e  Mehlis g land  is close by . The L a u re r’s canal passes from  th e  ovary  to w ard  
th e  dorsal surface o f th e  body , and  its  open ing  is 1.6— 3.2 m m  aw ay from  th e  
p o s te rio r  end. T h e  eggs m easure 1 1 6 —162 b y  6 0 —80 p.

The yolk  g lands form  clusters on b o th  sides of th e  b o d y , ex tend ing  from  
th e  p h a ry n x  to  th e  cen tre  of th e  a ce tab u lu m .

The ex c re to ry  vesicle localizes b e tw een  ace tab u lu m , ovary , po ste rio r 
te s tis  and  dorsa l surface of th e  b o d y ; its  ap e rtu re  is 1 .8— 3.1 m m  aw ay from  
th e  poste rio r end.

The Paramphistomum-tyY>e a ce tab u lu m  is in a su b te rm in a l position . I ts  
o u te r  d iam eter is 1 .6—2.4 m m  (average: 1.8 mm) in th e  d o rso -v en tra l d irec­
tio n , its  th ick n ess  is 0 .25— 0.65 m m  an d  its  ap e rtu re  is 0 .3— 0.82 m m  w ide. 
T h e  m uscle u n its  o f th e  ex te rio r dorsa l series are often  d ifficu lt to  be id en tified , 
because  th e  b o rd e rlin e  betw een  de1 a n d  de» is occasionally  undefinab le  (Figs 
22 and  24). T he m uscle u n its  of dex ran g e  from  18 to  22, o f de» from  20 to  30, 
o f  di from  37 to  54, o f vi from  42 to  65 an d  of ve from  15 to  21. The average  
p ro p o rtio n  of th e  ace tab u lu m  to  th e  b o d y  len g th  is 1 : 4.

In te rm e d ia te  h o sts : L ym naea  truncatula  (A frica; K en y a , E th io p ia ); 
L ym naea  peregra  (H u n g ary ). Snails re a re d  in  th e  la b o ra to ry  a fte r  th e  conclu ­
sion of th is  re p o rt h a rb o u red  fu lly  developed  cercariae.

D iscussion. This is th e  f irs t  o b se rv a tio n  of th e  occurrence  of P. daubneyi 
in  E urope in genera l an d  in H u n g a ry  in  p a rticu la r . T he com parison  of our f in ­
d ings to  descrip tions b y  o thers an d  to  th e  specim ens su p p lied  b y  Professor J .  A. 
D i n n i k  uneq u iv o ca lly  show ed th a t  th e  basic  ch a rac te ris tic s  (position of g u t 
b ran ch es, size o f th e  a triu m  g en ita le , sh ap e  and  passage o f th e  pars m usculosa 
a n d  pars p ro s ta tic a )  o f th e  species found  in  H u n g ary  co rresp o n d  in every  resp ec t 
to  those  of th e  p a ra s ite  described  in K en y a  by  D i n n i k  as P . daubneyi. The m uscle 
u n its  of th e  a ce tab u lu m  are, how ever, d issim ilar. T his d iscrepancy  can  be 
ascribed  to  th e  loss of defin ition  o f th e  b o rd e r betw een  de1 and  de», because  
th e  appearance  of th e  en tire  de series accord  well w ith  D i n n i k ’s descrip tion . 
A ccording to  our observ a tio n s, th e  m easu rem en ts of th e  g en ita l fold can n o t 
be  regarded  as a re liab le  d iffe re n tia tin g  fea tu re , because  th e y  m ay  g re a tly  
be  a ltered  by th e  cond itions of f ix a tio n  (Figs 12, 13, 16 an d  18). The ex trem e

F igs 5 — 12. P aram phistom um  daubneyi. 5, f ix ed  specim ens; 6— 10, p h a ry n x ; 11 — 12, g e n ita l
atrium
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v a lu es  of th e  d im ensions of th e  pars  p ro s ta tic a  and  pars m usculosa also v a ry  
in  a w ider ran g e  th a n  specified b y  D i n n i k . T he m easurem ents of th e  g en ita l 
o p en ing  seem to  be a safer d iffe ren tia tin g  fe a tu re  an d  we, too , observed  th a t  
th e  size of th e  g e n ita l sp h in c te r is c o n s ta n t.

The occurrence  o f a P aram phistom um  species w ith  a M icrobothrium -ty p e  
g e n ita l a tr iu m  ( P aram phistom um  m icrobothrium ) in  E urope  was f irs t  re p o rte d  
b y  N äsmark  (1937) from  R om e and  b y  W illmot  (1950) from  a p a ra s ite  m a te ­
r ia l  collected in  F ra n c e . T he h a b ita t  o f th e  R om e m a te ria l was n o t d escribed , 
th u s  its  origin is d o u b tfu l. S im ilar species w ere la te r  found  in  E urope b y  severa l 
a u th o rs  (K o t l á n , 1958; Ca e ir o , 1961; M e r e m i n s k iy  and  V is h n y a k o v , 1969; 
E r h a r d o v á , 1964; V u jió , 1965; R e i n h a r d t , 1969; S e y , 1971) w ho, e x c e p t 
fo r R e i n h a r d t , d e te rm in ed  th em  ch iefly  on th e  basis o f N äsm ar k ’s prin c ip les , 
w ith o u t tak in g  in to  considera tion  th e  d iffe re n tia tin g  fea tu res of closely re la te d  
species. I t  is c lear from  D i n n i k ’s rep o rts  (1961, 1962, 1964, 1965) th a t  fu r th e r  
to  th e  fea tu res considered  by  N ä s m a r k , o th e r m orphological c h a rac te ris tic s  
a n d  th e  know ledge o f in te rm ed ia te  hosts  a re  req u ired  for a precise species de­
te rm in a tio n . W e h av e  ta k e n  in to  co n sid e ra tio n , besides D i n n i k ’s in s tru c tio n s  
th e  fac t of snail h o s t specific ity  as well.

I t  is know n  th a t  th e  range of in te rm e d ia te  hosts o f flukes is n a rro w e r 
th a n  th e  range o f  th e ir  f in a l hosts. T he analy sis  of th e  in te rm ed ia te  h o s t ran g e  
o f  th e  know n Param phistom idae  suggests t h a t  specific ity  for such h o sts  varies  
w ith  th e  p a ra s ite  species. E .g . P. su kari D in n ik , 1954 (D i n n i k  and  D i n n i k , 
1957) develops exclusively  in  th e  snail B iom phalaria  p fe iffer i ( P lanorbidae) .  
T h e  in te rm ed ia te  h o sts  o f P. ichikaw ai, occu rring  in  J a p a n , A u stra lia , in  th e  
U S S R  and E u ro p e , a re  Segm entina alphena  ( D u r i e , 1953) in A u s tra lia  and  
Helicorbis su jfu n en sis  as well as G yraulus f i l ia r is  (K i s e l e v , 1967) in  th e  U S S R , 
all Planorbidae sna ils. T he E u ro p ean  species P . ( =  L iorchis)  scotiae is ab le  to  
es tab lish  itse lf  in  te n  d iffe ren t species o f Planorbidae snails as in te rm e d ia te  
h o sts  (N i k i t i n , 1968; G l u s m a n , 1969). T he specific ity  for groups (fam ilies, 
genera) of in te rm e d ia te  hosts seems to  be a c o n s tan t fea tu re , because no P a ­
ram phistom um  has h ith e r to  been found  to  develop in  in te rm ed ia te  h o sts  from  
tw o  d ifferen t fam ilies. E .g . D i n n i k  (1962) failed to  in fect fam ilies o th e r  th a n  
L ym naeidae ( B u lin id a e , Physidae, P lanorbidae)  w ith  th e  m iracid ia o f P . daub- 
ney i ( in te rm ed ia te  h o s t: Lym naea trunca tu la )  an d  vice versa, he could n o t in fec t 
Lym naea truncatula  w ith  th e  m iracid ia  o f P . m icrobothrium, whose in te rm e d ia te  
h o s t is B u lin u s  tropicus  so u th w ard  from  th e  S ahara .

Thus it  seem s fa irly  certa in  th a t  th e  geographical h a b ita t  o f P . m icro­
bothrium  co rresponds to  th a t  of its  in te rm e d ia te  hosts , th e  snails of th e  fam ily  
B ulin idae. As B u lin id a e  are n o t ind igenous in  H u n g ary , th e  species fo rm erly  
described  by  K o tlán  (1958) and  S e y  (1971) as P . microbothrium  w ere in  all

F ig s  13 — 20. P aram phistom um  daubneyi. G en ita l a triu m
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p ro b a b ility  m isjudged  P . daubneyi. In fec tio n  ex perim en ts p erfo rm ed  in  th is  
la b o ra to ry  w ith snails collected  from  a p a s tu re  in fested  w ith  P . daubneyi 
(M ozsgó, B aranya co u n ty ) w ere only  successful w ith  L ym nea  peregra snails; 
Planorbidae (P lanorb is planorbis, P . spirorbis, Gyraulus crista)  did n o t b e ­
com e infected .

In  E urope, P aram phistom um  ce rcariae  were f irs t d e tec ted  in B u lgaria  
( P o po v  et al., 1967) in  d iffe ren t snails o f th e  fam ily  Lym naeidae (L . truncatula, 
L . p a lustris , L . pereg ra ). Me r e m i n s k iy  a n d  V i s h n y a k o v  (1969) re p o rte d  th e  
occurrence of P. m icrobothrium  in th e  sam e c o u n try ; since, how ever, th e y  re ­
covered  the  cercariae  from  L ym neidae  sna ils , th e  species seem s to  h av e  been 
P . daubneyi.

A p art from  th e ir  specific ity  for d iffe ren t in te rm ed ia te  h o sts , P . micro­
bothrium  and P. daubneyi can  be d iffe re n tia ted  from  each o th e r by  ce rta in  
m orphological fe a tu re s , such as th e  o r ie n ta tio n  of th e  te rm in a l p o rtio n  o f th e  
g u t  b ranches, th e  d im ensions of th e  a tr iu m  gen ita le , an d  th e  p ro p o rtio n s of 
th e  p a rs  p ro sta tica  a n d  pars m usculosa. T he afo rem en tioned  H u n g a rian  a u ­
th o r s  did no t exam ine th e se  ch a rac te ris tic s  w hen  describ ing th e  H u n g a rian  in ­
c idence of P. m icrobothrium .

The o ther species described in  H u n g a ry  b y  K otlán  w as P . microbothri- 
oides Price and M cIn to sh , 1944. T his species h ad  been s tu d ied  earlie r by  
B e n n e t t  (1936), w ho referred  to  it  as Cotylophoron cotylophorum .T he sh o rt 
o rig in a l descrip tion  o f  P rice and  McI n t o sh  (1944) discloses l i ttle  in fo rm atio n  
e x c e p t th a t  th e  de., is com posed of 6— 9 irreg u la rly  ordered  m uscle u n its , w hich 
a re  m uch fewer in  n u m b e r th a n  th e  s im ila r s tru c tu re s  o f th e  ace tab u lu m  of 
P . microbothrium. N o o th e r fea tu res re q u ire d  for species d e te rm in a tio n  by 
N ä s m a r k  were co n sidered ; i t  can only  be  in fe rred  th a t  th e  p h a ry n x  an d  a c e ta ­
b u lu m  were of th e  P aram phistom um  ty p e . K otlán  described  a Dicranocoelium- 
ty p e  pharynx , b u t  h is illu s tra tio n  show s th is  to  be a m is in te rp re ta tio n , as 
p o in te d  out earlier b y  V elichko  (1965). P rice (1953) re fe rred  to  th e  species 
ag a in  in a la te r  re p o r t ,  s ta tin g  th a t  th e  m ain  d iffe ren tia tin g  fea tu res  are the  
n u m b e r  and a rra n g e m en t of th e  fib res o f  th e  ace tab u lu m . L e n g y  (1960) con­
c lu d ed  on e x am in a tio n  of specim ens from  B e n n e t t ’s orig inal co llection  th a t  
P . microbothrioides shou ld  be regarded  as a synonym  for P . m icrobothrium.

In  view' o f th e  s tr ic t  in te rm ed ia te  h o s t specific ity  o f P aram phistom um  
species, L e n g y ’s suggestion  can h a rd ly  be accep ted . In  th e  U n ited  S ta tes , 
th e  in te rm ed ia te  h o sts  of P. microbothrioides are Fossaria parva  and  F . modi- 
cella ( B e n n e t t , 1936), o f th e  fam ily L ym naeidae ; H u b e n d i c k  (1953) classified 
th e m  w ith Lym naea hum ilis . On the o th e r  h a n d , the  geograph ical d is trib u tio n  
o f  P . microbothrium  corresponds to  th a t  o f th e  B ulin idae  snails an d  th e re  is no 
ev idence of its b e ing  capab le  of develop ing  in  Lym naeidae. These considera­
tio n s  strongly  suggest th a t  P . microbothrioides is an in d ep en d en t species, b u t  
do n o t exclude its  id e n ti ty  w ith  an o th e r P aram phistom um  know n u n d e r a differ-

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



P  A R  A M P H I ST  OM UM  SPECIES IN HUNGARY 27

e u t nam e. T he c larification  of th is  p rob lem  would req u ire  a th o ro u g h  revision 
o f B e n n e t t ’s w ork, w ith  special reg ard  to  those organological p roperties w hich 
are ind ispensab le  for th e  d iffe ren tia tio n  of closely re la te d  species. These c h a r­
a c te r is t ic s  w ere d isregarded  n o t on ly  in  th e  original descrip tio n s, b u t  also by  
tho se  au th o rs  w ho s tu d ied  th e  species in a g rea te r d e ta il ( K o tl á n , E r h a r - 
d o v á , L e n g y ).

P . ichikaivai F u ku i, 1922 (Figs 25— 43). Specim ens o rig in a tin g  from  ca ttle  
an d  sheep differ m ark ed ly  in size (F igs 32 and 33). T he la rg e s t p a ras ite s  are 
8 m m , th e  sm allest ones 3.8 m m  long (average 4.4 m m ) b y  1 .5 —2.3 m m  w ide. 
T he liv ing p a ra s ite s  are pa le  p in k , also a t  th e  ends. T he g en ita l a tr iu m  is con-

Figs 21 — 24. P aram phistom um  daubneyi. 21, gen ita l a tr iu m ; 2 2 — 24, a ce tab u lu m
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sp icuous, alm ost o f th e  size o f a sucker and  it  is 0 .8— 1.6 m m  aw ay from  th e  
a n te r io r  end. T he P a ra m p h isto m u m -typ e  a ce tab u lu m  is in  a su b te rm in a l p o ­
s itio n ; it  is 1.0— 1.5 m m  th ic k , its  o u te r d iam ete r is 1 .0 —1.5 m m  and th e  
a p e rtu re  is 0.2— 0.7 m m  w ide. T he dorsal ex te rio r m uscle u n its  are sh a rp ly  
d em arca ted  from  one a n o th e r  an d  th e  m uscle u n its  of de1 v a ry  from  11 to  25, 
o f  de2 from  6 to  18, o f d i from  34 to  54, o f vi from  51 to  60 an d  o f ve from  12 to  
19. The p roportion  o f th e  a ce tab u lu m  to  th e  body  len g th  is 1 : 3.

F igs 25— 31. P aram phistom um  ichikaw ai. 25, v e n tra lly ; 26, la te ra lly ;  27, th e  m usculous a n d  
p ro s ta tic  p a r t o f vas d e feren s; 28— 31, cau d a l end  show ing th e  po sitio n  of th e  end  of caeca an d

ace tab u lu m

The Calicophoron- ty p e  p h a ry n x  (D i n n i k , 1964) is in  a te rm in a l p osition . 
I t  is 0.4—0.7 m m  lo n g  (average: 0.56) b y  0.35— 0.6 m m  w ide . T he p h a ry n x  
to  body  length  p ro p o rtio n  is on th e  average, 1 : 7. T he oesophagus is sh o rte r 
th a n  th e  p h a ry n x , 0 .2 4 — 0.5 m m  in  len g th . The b ran ch es o f th e  gu t caeca 
p ass  in th e  la te ra l p a r t  of th e  b o d y , form ing five co n to rtio n s  in th e  dorso- 
v e n tra l  d irection  (F ig . 26). T h e  caeca are inequal, th e  le f t one being sligh tly  
longer th a n  th e  r ig h t (F igs 28— 31); th e y  end dorsally  an d  e x ten d  beyond th e  
a n te r io r  m argin o f th e  ace tab u lu m .

The testes lie a d ja c e n tly  in  th e  m iddle th ird  of th e  b o d y ; th e y  are t r a n s ­
v erse  oval-shaped , w ith  u su a lly  in ta c t m arg ins, occasionally  form ing one or 
tw o  lobules (Fig. 25). T h ey  are 0 .8 —1.5 m m  long by  1.3— 2.0 m m  wide; th e

F igs 32—40. P aram phistom um  ichikaw ai. 32—33, fixed  specim ens; 34— 35, p h a ry n x ; 36—40,
genita l a tr iu m
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30 SEY

d o rso v en tra l len g th  is 0 .9— 1.7 m m . T he pars  m usculosa is m o d e ra te ly  de­
ve loped ; it  form s 2 or 3 con to rtions before  i t  con tinues in  the  pars p ro s ta tic a  
(F ig . 27), 0.15— 0.35 m m  long b y  0 .05— 0.2 m m  w ide. The gen ita l a tr iu m  is 
o f th e  Ich ikaw ai ty p e  (Figs 36— 42); d iam e te r  of th e  gen ita l opening is 0 .4 — 
1.1 m m ; th e  g e n ita l ch am b er is 0.17— 0.37 m m . T he sph in c te r p ap illae  is an 
irreg u la rly  sh ap ed , n o n -co m p ac t, b ru sh -lik e  s tru c tu re  (Fig. 36).

The o v ary  is e ith e r  ro u n d  or s lig h tly  oval-shaped  and  localizes be tw een  
th e  acetabu lum  an d  te s tis . I t  m easures 0.6 b y  0 .4 —0.5 m m . The M ehlis g land  
is closely associa ted  w ith  th e  ovary , T he L a u re r’s canal passes from  th e  o v ary  
to  th e  d o rso v en tra l su rface  an d  its  orifice is 1.3— 1.7 m m  aw ay from  th e  p os­
te r io r  end, a lw ays b eh in d  th e  ex c re to ry  vesicle. The eggs are 135— 140 by  
69— 75 p  in size.

The yolk  g lands localize in th e  la te ra l  p a r ts  o f th e  body  an d  e x ten d  
below  th e  dorsal su rface , b u t  do n o t fuse.

The ex cre to ry  vesicle occupies th e  space b e tw een  ovary , a c e ta b u lu m  
an d  body  w all; its  a p e r tu re  is 1.8 —2.5 m m  aw ay from  th e  poste rio r end .

In te rm e d ia te  h o s ts : Helicorbis su jfu n en sis  (U SSR ) (unknow n in H u n g a ry )
Segm entina alphena  (A ustralia)
P . ichikaw ai ch ie fly  occurs in  sheep ; i t  was found  in 7 of 11 in fec ted  

sheep  and  in  4 o f 97 cows.
D iscussion. P . ichikaw ai is v e ry  w idely  d is tr ib u te d  and  has sev era l well- 

d efinab le  m orphological fea tu res , such as th e  la rge , sucker-like g en ita l open ing  
shape of th e  te s te s , m o d era te ly  developed  p a rs  m usculosa, num ber an d  irreg u la r  
a rran g em en t of th e  de2 m uscle u n its  o f  th e  ace tab u lu m . O ther fea tu re s  (body  
d im ensions, n u m b e r o f o th e r m uscle u n its  o f th e  ace tab u lu m  do n o t n o ta b ly  
d iffer from  earlier descrip tio n s (N ä s m a r k , 1937; D u r i e , 1951; K i s i l e v , 1967).

In  E u rope , i t  w as f irs t m en tio n ed  b y  V ujic  (1965) who, how ever, h ad  
n o t  d ea lt w ith  its  m orpho logy  in g rea te r  de ta il.

P . leydeni N ä s m a r k , 1937 (Figs 44— 68). I t  is of m edium  size, and 
s tro n g ly  b e n t v e n tra lly . Specim ens o rig in a tin g  from  ca ttle  and  sheep  differ 
in  size (Figs 51 an d  52). The p a ra s ite s  are  4.0— 7.0 m m  (average: 5 m m ) long 
b y  1.3—2.0 m m  w ide; th e  d o rso v en tra l len g th  is 1.8— 2.5 m m . T he g en ita l 
a tr iu m  is sm all, inconsp icuous and  localizes 0.6— 0.9 m m  aw ay from  th e  a n ­
te r io r  end, a t  th e  p lan e  w here th e  g u t b ran ch es off. T he ace tab u lu m  is o f th e  
P aram phistom um  ty p e  and  opens v e n tra lly . The del and  de2 m uscle u n its  are 
som etim es se p a ra te d  (F ig . 67), som etim es linked  b y  in te rm ed ia te  f ib re s  (Figs 
65 an d  66). T he sam e applies to  th e  re m uscles. M uscle u n its  in an  in te rm e d ia te  
positio n , 5— 14 in  n u m b er, were o b served  in  18 of th e  exam ined 38 p a ra s ite s . 
T he num bers o f th e  ace tab u lu m  series are  as follows: dex 9— 16, de2 15— 39, 
d i 32— 48, re 1 2 —24, v i  33— 59. T he a c e ta b u lu m  is 0.9 1.6 m m  in  d iam e te r , 
0 .21— 0.30 m m  th ic k  an d  its  a p e r tu re  is 0 .2— 0.7 m m  wide. The a c e ta b u lu m  
to  bo d y  leng th  p ro p o rtio n  is on th e  average  1 : 3.5.
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Figs 41— 43. P aram phistom um  ichikawai. 41 — 42, g en ita l a tr iu m ; 43, ace tab u lu m

F igs 44— 50. P aram phistom um  leydeni. 44, v e n tra lly ;  45, la te ra lly ;  46, th e  m u scu la r an d  
p ro s ta tic  p a r t  o f v as d e feren s; 47—50, th e  c au d a l en d  show ing th e  position  of th e  o f caeca

and a ce tab u lu m

T he p h a ry n x  is of th e  Liorchis ty p e  (Figs 53—57) an d  its  position  m ay  be 
te rm in a l (Fig. 54) or re tra c te d  (Fig. 57), depend ing  on th e  conditions o f f ix a ­
tio n . The p ap illae  o f th e  p h a ry n x  are m o d era te ly  developed  (25 /л) an d  ta p e r ­
ing  p o ste rio rly  (F ig . 54). T he in te rio r lo n g itu d in a l m uscle lay e r is 150 [i w ide, 
reach ing  to  th e  m idd le  c ircu la r m uscle lay e r; an te rio rly  i t  ex tends up to  fo u r 
f if th s  o f th e  p h a ry n x  (F ig . 54). The ra d ia l m uscle lay e r is 5 0 —55 p  w ide. T he
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av erag e  p h a ry n x  for body  len g th  ra tio  is 1 : 8.1. The gu t b ranches localize 
in  th e  la te ra l p a r t  o f th e  b o d y , fo rm ing  4 — 5 con to rtions (F ig . 45). T he t e r ­
m in a l portions o f  th e  caeca pass d o rsa lly  an d  end  a t  th e  a n te r io r  o u te r m arg in  
o f  th e  ace tab u lu m  (Figs 47— 50).

T he te s te s  localize in  th e  m idd le  th ird  o f th e  body  in  a ta n d e m  positio n ; 
th e y  consist o f 4 —5 lobules, resem bling  som etim es a clover le a f  (F ig. 44). T he 
tw o  te s te s  are n e a r ly  id en tica l in  size, m easu ring  0.5— 1.2 m m  in  len g th  b y  
1 .3—2.0 m m  in w id th ; th e  d o rso v e n tra l le n g th  is 0.2— 2.0 m m . The p a rs  
m uscu losa  an d  p a rs  p ro s ta tic a  are  b o th  u nderdeveloped  (F ig . 46); th e  fo rm er 
is  0 .13— 0.25 m m  long b y  0.055 m m  w ide, th e  la t te r  form s a single c u rv a tu re  
to  jo in  th e  vesicu la  sem inalis.

T he p ro s ta tic  g land cells are  well developed  and  form  2— 3 row s. The 
g en ita l a tr iu m  is o f th e  E p ic litu m  ty p e  an d  b o th  its  shape an d  size are  p ra c ­
tic a lly  c o n s ta n t (Figs 58 and  62). T he ra d ia l m uscle fib res are  w ell-developed. 
T h e  re la tiv e  positio n  o f th e  g en ita l a tr iu m  end m ay be v a ria b le , depend ing  
on th e  cond itions o f f ix a tio n : th e  fo rm er m ay  be 0.4— 0.8 m m  below  th e  la t te r ,  
in  level w ith  its  c en tre  (Fig. 62) or befo re  i t  (F ig. 63). T he fu ll len g th  o f th e  
g e n ita l opening is 0.4— 0.5 m m , th e  g en ita l cham ber is 0 .17— 0.22 m m  long.

The o v ary  localizes be tw een  th e  ace tab u lu m , p o ste rio r te s tis  an d  p os­
te r io r  b ranches o f th e  gu t. I t  is e ith e r  ro u n d , or sligh tly  oval an d  m easures 
0 .5— 0.7 b y  0 .45— 0.6 m m . T he M ehlis g land  ap p ro x im ates  th e  o v ary  in  size. 
T h e  L a u re r’s can a l alw ays opens do rsa lly , b eh in d  th e  a p e rtu re  o f th e  ex c re to ry  
vesic le , 1.5— 2.0 m m  aw ay from  th e  p o s te rio r  end of th e  body . The eggs 
m easu re  140— 156 b y  75— 80 p . T he yo lk  g lands localize la te ra lly  on b o th  sides 
a n d  ex ten d  over th e  dorsal su rface  in  th e  a n te rio r th ird  o f  th e  body , u n til  
th e y  fuse.

The ex c re to ry  vesicle (F ig . 64) localizes dorsally  b e tw een  th e  o v ary , 
ace tab u lu m  an d  b o d y  w all an d  its  a p e r tu re  is 1.7— 3.6 m m  aw ay from  th e  
p o ste rio r end. I ts  d istance  from  L a u re r’s d u c t is 0.9— 1.1 m m

P . leydeni occurs b o th  in  c a ttle  an d  sheep. I t  was recovered  from  11 of 
97 in fec ted  cows a n d  from  6 of 13 in fec ted  sheep.

The in te rm e d ia te  host o f P. leydeni is unknow n.
D iscussion. P . leydeni w as o rig inally  described  b y  N äsm ark  (1937) from  

a  specim en k e p t in  th e  m useum  o f L ey d en  (The N eth erlan d s) an d  from  a 
te s t  m a te ria l o rig in a tin g  from  th e  K önigsberg  Zoo (K a lin in g rad , U SSR ). 
N äsm ark ’s descrip tio n  does n o t in fo rm  a b o u t th e  n u m b er o f  th e  m uscle u n its  
o f  th e  ace tab u lu m . V ujiC  (1965) w as th e  n e x t to  find  th e  species in  E u ro p e  
a n d  a lth o u g h  he  d id  n o t deal m u ch  w ith  th e  m orphological d e ta ils , he gave 
th e  n u m b er of th e  de2 u n its  as a b o u t 39.

F igs 51— 60. P aram phistom um  leydeni. 51 — 52, fix ed  specim ens; 54—57, p h a ry n x ; 58— 60, gen ­
ita l  a tr iu m
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W illmott  (1950) described  tw o new  species —  P . hiberniae, P . scotiae — 
from  te s t m ateria ls  o rig in a tin g  from  S co tland , Ire la n d  a n d  th e  N etherlands. 
B o th  species have  a m od ified  Liorchis-ty p e  p h a ry n x , b u t  th e  a tr iu m  genita le  
o f  P . hiberniae is o f th e  Ich ikaw ai-ty p e , th a t  of P . scotiae of E piclitum  ty p e ,

V elichko  (1966) fo u n d  on exam in a tio n  of W illmotts  original m a te ria l 
t h a t  P . hiberniae also h as  an  E p ic litu m -typ e  a tr iu m  g en ita le  an d  charac terized  
i ts  p h a ry n x  as pseudo-L iorc /iis-type . H e c rea ted  a new  genus — Liorchis 
V elichko, 1966 —  for W illm ott’s tw o  new  species, b u t  la te r  (Velic hk o , 1971) 
she suggested th a t  P . hiberniae  should  be regarded  th e  synonym  for P . scotiae.

According to  W illmott  (1950), the m odified Liorchis-type pharynx  
differs from the com m on Liorchis type by the m orphology of the middle and 
exterior circular m uscles, these being very well developed in the posterior two  
thirds of the pharynx and inconspicuous in the anterior third.

The pseudo-L iorc /iis-type  p h a ry n x  observed b y  V elichko  (1966) in  
P . hiberniae is devoid  o f  pap illae  an d  th e  rad ia l m uscle fib res  are th ick e r and  
m ore refined  as co m p ared  to  th e  Liorchis p h a ry n x . T he Liorchis-ty p e  a c e ta b u ­
lum  differs from  th e  P aram phistom um -ty p e  b y  d iv ision  o f th e  dex and  ve m uscle 
series in to  tw o p a r ts ;  th is  m eans th a t  th e  de series consist o f th ree  sh a rp ly  
de linea ted  p a rts .

N äsmark  characterized the middle and circular muscle series o f the 
Liorchis-type pharynx as conspicuous in the posterior part and much less con­
spicuous in the anterior part. Our own experience is likew ise that the middle 
circular muscle units are differently developed over the circumference o f the 
pharynx being anteriorly inconspicuous and often associating with the ex ­
terior circular m uscles in this part (Fig. 54). The papillae o f the Liorchis-type  
pharynx tend to increase in the sequence P . cervi— P . leyden i—P . gotoi; those  
o f P . cervi being quite sm all (N ä s m a r k ). V elic hk o  does not inform in her 
report whether the P . hiberniae  devoid of pharyngeal papillae originated from  
W illmott’s m aterial or some other sample; in the la tter case it m ight have 
been another species. As neither the L iorch is-type  (W illm ott), nor the pseudo- 
Liorchis-type (Ve l i c h k o ) pharynx shows any constant difference from the  
structure described b y  N äsm ar k  as LiORCHiS-type pharynx, they can well be 
regarded as individual variations o f the latter.

As to  th e  new  ty p e  of ace tab u lu m  described  b y  V elichko  (1966), re f­
erence is m ade to  N ä s m a r k ’s o b se rv a tio n  th a t  th e  in n e r  c ircu la r de1 and  ve 
m uscles of th e  P aram ph istom um - ty p e  ace tab u lu m  som etim es form  an a to m ica l 
in te rm e d ia te  positio n  to  th e  o u te r p a rts  of the  sam e an d  to  th e  circu lar de2 
m uscles as well (p. 332), as for exam ple in  P . leydeni. W e observed  th is p h en o m ­
enon  or, to  p u t i t  acco rd ing  to  V e lic h k o , th e  th ree fo ld  p a r titio n  o f th e  de

Figs 61 — 68. P aram phistom um  leydeni. 61 — 63, gen ita l a tr iu m ; 64, ex cre to ry  d u c t; 6 5 —6 8 ,
ace tab u lu m
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m uscles, several tim e s  in  our own m a te ria l (Figs 65 an d  66), b u t d id  n o t reg a rd  
i t  as a co nstan t species ch a rac te ris tic . We there fo re  believe th a t  V e l ic h k o ’s 
Liorchis  a ce tab u lu m  an d  Liorchis genus are  en tire ly  w ith in  th e  ca tego ry  o u t­
lin ed  by  N ä s m a r k  fo r th e  genus P aram phistom um .

According to  W illmott  (1950), P . scotiae an d  P . leydeni can  be reg a rd ed  
as synonym ous as long  as only  th e  p h a ry n x , g en ita l a tr iu m  an d  ace ta b u lu m  
are  considered, b u t  c e rta in  o th e r m orphological fea tu res  w eigh in fav o u r o f 
th e ir  independence from  one a n o th e r. W illmott  com pared  nine such d iffe r­
e n tia tin g  fea tu re s  in  a tab le ; am ong th em  th e  ace tab u lu m  to  bo d y  len g th  
ra t io , the  position  o f  th e  g en ita l a tr iu m  and  th e  len g th  of th e  ex cre to ry  d u c t 
d iffe r n o tab ly , th e  re s t  seem to  be less im p o r ta n t an d  show  g rea t in d iv id u a l 
v a ria tio n .

W illmott ca lcu la ted  th e  ace tab u lu m  to  bo d y  len g th  ra tio  from  th e  
in n e r  d iam eter o f  th e  form er, th u s  th e  re su lt w as 1 : 6.4. If, how ever, th e  
o u te r  d iam eter is considered , as was v isib ly  done by  N ä s m a r k , th e  ra tio  is 
1 : 3.2, viz. a lm o st id en tica l w ith  N ä s m a r k ’s ca lcu la tion  for P. leydeni (1 : 3.6).

As a lread y  m en tio n ed , th e  position  of th e  a tr iu m  genita le  depends 
g rea tly  on th e  co n d itio n s of f ix a tio n , th u s  it  is n o t o f full value as a d iffe ren ­
t ia tin g  fea tu re .

W illmott (1950) refers to  N ä sm ar k  in describ ing  th e  ex c re to ry  d u c t 
o f  P . leydeni as “ v e ry  long” , c o n tra s te d  to  th e  “ v e ry  sh o r t” sim ilar o rgan  of 
P . scotiae. N ä s m a r k , how ever, described  th e  ex c re to ry  vesicle as “ v e ry  lo n g ” 
a n d  m ade no re fe ren ce  to  th e  len g th  o f th e  ex c re to ry  d u c t (p. 461). W illmott  
gave no num erica l v a lu e  e ith e r for the said  len g th . On th e  basis o f o u r own 
m easurem ents we agree w ith  N ä s m a r k ’s opinion th a t  th e  ex c re to ry  vesicle 
can  be regarded  as long (0 .75— 1.2 m m ), w hereas th e  ex c re to ry  d u c t is, like 
t h a t  of P. scotiae, sh o rt (150—200 /i) (Fig. 64).

i t  follows from  th e  above considera tions th a t  m orphologically  Param - 
phistom um  scotiae is e ith e r  v e ry  closely re la te d  to , or id en tica l w ith , P aram ­
phistom um  leydeni. A defin itiv e  conclusion w ould , how ever, requ ire  closer 
m orphological s tu d ie s  of ce rta in  organs o f P . scotiae as well as th e  know ledge 
o f  th e  d ev e lo p m en ta l cycle o f P . leydeni.

Sum m ary

Three P ara m p h isto m u m  species (P . daubneyi D inn ik , 1962, P. ichikawai F u k u i, 1922, 
P . leydeni N ä sm a rk , 1937), found  in  c a tt le  an d  sheep in  H u n g a ry , are  described. O u t o f th em  
P . daubneyi occu rred  exclusively  in c a ttle , P. ichikawai an d  P. leydeni chiefly  in  sheep and 
less o ften  in cows.

I t  is d e m o n s tra te d  on  th e  basis o f specificity  for in te rm ed ia te  h o sts and  m orpholog ical 
ch aracteris tics t h a t  th e  species described  earlie r in  H u n g a ry  as P. microbolhrium  is in  fa c t P. 
daubneyi.

The sim ila rities  be tw een  P .( =  L iorch is) scotiae and  P. leydeni are an alyzed  in  g re a t
deta il.
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VIRUSES ASSOCIATED WITH RESPIRATORY 
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STATE FARMS OF FEJÉR COUNTY
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C oun ty  (D irec to r: E . L a n c z ) and  N a tio n a l C entre o f  S ta te  F a rm s, D e p a rtm en t o f F e jé r  

C oun ty  (D irec to r: T. B r u n n e r ), Székesfehérvár

(R eceived D ecem ber 11, 1972)

T he incidence o f v ira l re sp ira to ry  and  en te ric  diseases in ca ttle  has in ­
creased  d u ring  th e  la s t years, due to  th e  in tro d u c tio n  of in d u stria l-lik e  te ch n o l­
ogy (reg roup ing  o f an im als, con tinuous re -s to ck in g  of ca lfw ards, b u y ing  for 
fa tte n in g  or stock in g  o f new ly  estab lished  farm s from  d iffe ren t livestocks, 
e tc .).

T he incidence o f d ifferen t v irus in fections can n o t be d e te rm in ed  on c lin ­
ical and  epizootio iogical basis. E ven  th e  d e tec tio n  of th e  v ira l p a th o g en  en ­
cou n ters  d ifficu lties in  a considerab le  p a r t  o f cases. A t th e  sam e tim e  an  aeti- 
ological diagnosis w ould  be necessary  to  in tro d u ce  specific p rev en tiv e  m easures 
a g a in s t som e v ira l diseases, especially  because  p ro p er im m u n iza tio n  an d  e ra d ­
ica tio n  p rog ram m es can n o t be w orked o u t w ith o u t full know ledge of th e  in ­
cidence o f v ira l in fec tions. T he sam e is va lid  for th e  p rev en tiv e  m easures to  
be  in tro d u ced  in connection  w ith  b u y ing  a n d  tra n sp o rtin g  an im als.

In  H u n g a ry , serological screening te s ts  w ere f irs t  ca rried  o u t in  th e  s ta te  
farm s o f F e jé r  C oun ty . The p resence of v iru s  n eu tra liz in g  an tib o d ies  to  VD-, 
IB R - an d  adenov iruses as well as th a t  o f com plem en t f ix in g  an tibod ies to  
C hlam ydia  (syn . M iyagauianella, Bedsonia, P sittaco sis-L y m p h o g ran u lo m a- 
T rach o m a (PL T ) group) has been  exam ined . T he de tec tion  o f n eu tra liz in g  or 
h aem ag g lu tin a tio n -in h ib itin g  an tibod ies to  P a ram y x o v iru s  p ara in flu en za-3  
seem ed to  be u n n ecessary  because, accord ing  to  prev ious re su lts , an tibod ies 
to  th is  v iru s  w ere p resen t in a lm ost all large in d u s tr ia l farm s (Cs o n to s , 1970).

Materials and Methods

Blood sam ples from  1998 ca ttle  of 14 s ta te  farm s in F e jé r C ounty  w ere 
su b m itte d  for ex am in a tio n . D epending  on th e  to ta l  n u m b er o f  an im als 100 or 
200 sam ples w ere exam ined  from  each fa rm ; th is  am o u n ted  to  10 —15%  of
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Table I

The incidence o f an tib o d ies  ag a in s t th e  v iruses assoc ia ted  w ith  re sp ira to ry

Virus

Calves Heifers

exam­
ined positive

exam­
ined positive

No. No. per cent No. No. per cent

IB R 548 15 2.7 ( 0 - 1 6 ) * 395 14 3.5 ( 0 - 2 4 )
VD 523 183 34.9 ( 0 - 9 6 ) 370 56 15.1 ( 0 - 4 4 )
A deno 548 352 64.2 ( 1 2 - 9 6 ) 395 255 64.6 ( 2 8 - 9 2 )
Chlam ydia 548 55 10.0 ( 0 - 5 1 ) 395 31 7.8 ( 0 - 3 6 )

* In  p a ren th eses , e x tre m e  p ercen tag es fo r in d iv id u a l fa rm s

th e  to ta l  n u m b er of c a tt le . In  th e  sam ples calves, b reed in g  heifers, fa ts to c k  
a n d  cows were rep re sen ted  b y  th e  sam e n u m b er of sera , i.e ., 25 or 50 from  each 
fa rm . T he sera w ere cen trifu g ed , in a c tiv a te d  for 30 m in u tes  a t  56 °C an d  s to red  
a t  — 20 °C u n til te s te d .

V irus. In  th e  se ru m -n e u tra liza tio n  te s ts  th e  O regon C ,4V VD s tra in , 
th e  N o. 610 IB R  s tra in  iso la ted  in  H u n g a ry  (Csontos  an d  Maczkó , 1967) an d  
M isk/65 adenov irus ty p e  8 s tra in  ( B a r t h a  et al., 1970) w ere applied .

Tissue culture. E x a m in a tio n s  w ere carried  o u t in  p rim ary  (Mo n t e s  d e  
O ca et al., 1971) an d  seco n d ary  (S c h w e iz e r , 1966) ca lf  testic le  cell cu ltu res  
p re p a re d  b y  try p sin -v e rsen e  t r e a tm e n t. As g row th  m edium  H a n k s’ so lu tio n  
su p p lem en ted  w ith  10%  fe ta l bov ine  se ru m , as m a in ten an ce  m edium  H a n k s ’ 
so lu tio n  w ith o u t serum  w as app lied .

V irus neutraliza tion  test. T he v iru ses were d ilu ted  to  a d e te rm in a te d  
100 T C ID 5O/0.1 m l an d  w ere ad d ed  to  an  equal vo lum e o f th e  sera. T he sera 
w ere u n d ilu ted  w hen te s te d  ag a in s t IB R  v irus an d  d ilu ted  1 : 2 w hen te s te d  
a g a in s t YD virus or ad en o v iru s . Two tu b es  o f p rim ary  or secondary  ca lf  te s tic le  
cell cu ltu re  were in o cu la ted  w ith  0.2 m l o f each v iru s-se ru m  m ix tu re  p rev iously  
in c u b a te d  a t  37 °C for an  h o u r. The te s t  was read  48 h o u rs , 5 days an d  7 days 
p .i. in th e  case of IB R  v iru s , adenov irus an d  YD v iru s , re spec tive ly . As fo r th e  
presence  of v iru s n eu tra liz in g  an tib o d ies  tho se  sera w ere considered as positive  
w hich  in th e  ab o v e-m en tio n ed  d ilu tio n  en tire ly  (VD an d  adenov irus) or —  com ­
p a re d  to  th e  con tro l —  in  50%  (IB R  v irus) in h ib ited  th e  v ira l c y to p a th ic  
effect.

D eterm ination o f  average antibody titre. The te s t  w as perform ed in  10%  
o f th e  positive sera  w ith  a q u a n ti ty  o f 100 T C ID 50/0.1 m l of v irus an d  serial 
tw ofo ld  d ilu tions of serum  s ta r tin g  a t  1 : 2. E q u a l vo lum es of these  w ere in ­
c u b a te d  a t 37 °C for an  h o u r. A 0.2 m l vo lum e of each m ix tu re  was in o cu la ted  
in to  tw o p rim ary  ca lf  te s tic le  cell cu ltu re  tu b es . F in a l read ings w ere m ade as 
described  for th e  v iru s  n e u tra liz a tio n  te s t.
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an d  en te ric  diseases o f c a tt le  in th e  s ta te  fa rm s o f F e jé r  C ounty

F atstock Cows Total

exam ­
ined positive

exam­
ined positive

exam ­
ined positive

No. No. per cent No. No. per cent No. No. per cen t

408 10 2.5 ( 0 - 2 8 ) 647 256 39.5 ( 0 - 7 9 ) 1998 295 14.8 ( 0 - 5 2 )

383 92 24.0 ( 0 - 8 4 ) 622 299 48.1 (4 -1 0 0 ) 1898 630 33.2 ( 7 - 7 3 )

408 273 66.9 ( 3 6 -1 0 0 ) 647 434 67.1 ( 4 4 -9 2 ) 1998 1314 66.2 ( 3 4 - 8 6 )

408 43 10.5 ( 6 - 4 0 ) 647 34 5.2 ( 0 - 2 4 ) 1998 163 8.2 ( 0 - 3 2 )

Complement f ix a tio n  (  C F  )  test. The d e te c tio n  o f an tibod ies ag a in st C hlam y­
dia  w as ca rried  o u t b y  CF te s t  (Csontos  a n d  M ócsy , 1962) using  an an tig en  
( B e e r , 1965) p ro d u ced  b y  e th e r  e x tra c tio n  an d  acetone p rec ip ita tio n  from  th e  
yo lk -sac o f fe rtile  eggs in o cu la ted  in to  y o lk -sac . C om plete fix a tio n  in  a 1 : 5 
serum  d ilu tio n  w as considered  as positive .

Results

The resu lts  o f ex am in a tio n  of 1998 se ra  from  14 s ta te  farm s o f F e jé r  
C ou n ty  a re  show n in T ab le  I.

T he average  n eu tra liz in g  an tib o d y  t i t r e s  aga in st IB R -, VD- an d  ad e n o ­
v iruses for th e  an tib o d y -co n ta in in g  b lood  se ra  are  show n in T ab le  I I .

Table II

T he average n eu tra liz in g  a n tib o d y  
titre s  against th e  IB R - , V D - and 
adenoviruses in p o sitiv e  sera 

sam ples

Virus
Average an tibody

ti tre  (log 2)

IB R 1.37

VD 3.83

Adeno 4.12

In  T ab le  I I I  th e  serological resu lts  for clin ically  h e a lth y  an im als w ere 
com pared  w ith  th o se  for such  livestocks in  w h ich  v ira l re sp ira to ry  and  en te ric  
diseases caused  considerab le  losses d u rin g  th e  period  of ex am in a tio n .
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Table III

T h e  incidence of an tib o d ies  ag a in st th e  v iruses asso c ia ted  w ith  re sp ira to ry  and  en teric  diseases 
o f  c a tt le  in clin ically  h e a lth y  livestocks as well as in  those  in  w hich th e  diseases hav e  caused

considerab le  losses

Virus
Clinically h ea lthy  

livestocks Diseased livestocks

IB R 13.57 ( 0 - 5 2 ) % 16.16 ( 4 - 4 0 ) %

VD 15.71 ( 7 - 3 1 ) % 44.25 ( 7 - 7 3 ) %

A deno 55.71 ( 3 4 - 7 4 ) % 73.41 ( 4 7 - 8 6 ) %

Chlam ydia 8.14 ( 0 - 2 8 ) % 8.58 ( 0 - 3 2 ) %

* In  p a ren th eses , ex trem e  p ercen tages fo r in d iv id u a l fa rm s

D iscussion

On th e  basis  o f ou r serological ex am in a tio n s  it  can  be concluded th a i 
am o n g  th e  v iru ses  causing  bovine re s p ira to ry  an d  en teric  diseases in  th e  s ta te  
fa rm s o f F e jé r  C o u n ty  th e  p e rcen tu a l occu rrence  of an tib o d ies  aga in st ad e n o ­
v iru ses  and  V D  v iru s  w as m uch h igher th a n  th a t  o f an tibod ies aga in st IB R  
v iru s  or C hlam ydia .

In  th e  liv esto ck s in  w hich in fec tio u s re sp ira to ry  an d  enteric d iseases 
occu rred , caused  clin ical sym ptom s an d  econom ic losses, an tibod ies a g a in s t 
V D- and  adenov iruses occurred  in h ig h e r p ercen tage  th a n  in  those in  w hich  
an im als  were h e a lth y  d u ring  and  p rio r to  th e  ex am in a tio n s. A ntibodies a g a in s t 
IB R  v irus an d  C hlam ydia  were found  to  occur in equal p ropo rtio n  b o th  in  
c lin ica lly  a ffec ted  an d  sym ptom -free  livestocks.

The resu lts  o b ta in ed  show th a t  from  th e  v iruses causing  re sp ira to ry  an d  
en te ric  diseases in  c a ttle  adenoviruses an d  YD v irus are  th e  m ost w ide-sp read  
in  th e  s ta te  fa rm s o f F e jé r C ounty  an d  th e  sam e v iruses p lay  a p rim a ry  role 
in  th e  ae tio lo g y  o f th ese  diseases. IB R  v iru s  and  Chlam ydia  occur on ly  in  
low er p e rcen tag e  an d  p lay  a m inor role in  th e  in fectious re sp ira to ry  an d  en te ric  
d iseases o f c a ttle .

Sum m ary

Serological te s ts  w ere carried  ou t iu 14 s ta te  farm s of F e jé r  C ounty  to  d e te c t v iru s 
n eu tra liz in g  an tib o d ies  ag a in st VD-, IB R - a n d  adenoviruses an d  com plem en t-fix ing  a n ti ­
bodies against C hlam ydia. F rom  th e  1998 b lood sam ples exam ined  an tib o d ies were d e te c te d  
in  th e  follow ing p e rcen tag e  — vary in g  fro m  one fa rm  to  th e  o th er:

IB R  virus 0 - 5 2 % average 14.8%

VD virus 7 - 7 3 % average 33.2%

adenovirus 3 4 - 8 6 % average 66.2%

C hlam ydia 0 - 3 2 % average 8.2%
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T h e  resu lts  o f sero logical e x am in a tio n  of b lood sam ples fro m  clin ically  h e a lth y  livestocks as 
w ell as from  those  c lin ica lly  affec ted  w ith  v ira l re sp ira to ry  a n d  en te ric  diseases were com pared . 
I t  is concluded th a t  in  th e  livestocks where th e  d iseases occur a n d  cause econom ic losses, 
an tib o d ies  ag a in st V D - a n d  adenoviruses can be fo u n d  in  a h igher percen tag e  o f th e  an im als 
th a n  in  clinically  h e a lth y  ones. No such d ifference w as o bserved  as for th e  occurrence of a n ti­
bodies ag a in st IB R  v iru s  and  Chlamydia.

I t  can be con clu d ed  th a t  adenoviruses a n d  Y D  v iru s p lay  a m ore im p o r ta n t role in  
th e  aetio logy  o f v ira l  re sp ira to ry  an d  en te ric  d iseases o f  ca ttle  in  th e  s ta te  fa rm s o f F e jé r  
C oun ty  th a n  IB R  v iru s  an d  Chlamydia.
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A GOSLING DISEASE IN VIET NAM

B y
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U sing p o u ltry  as th e  m ain  source of m eat supp ly  h as  various econom ic 
and  o th e r  ad v an tag es in  th e  develop ing  coun tries. In  Y ie t-N am , th e  p o u ltry  
an d  egg in d u s try  estab lish ed  w ith  th e  a id  of H u n g arian  e x p e rts  is now  evolv ing  
as an  im p o r ta n t b ra n c h  of m ea t p ro d u c tio n . In ten s iv e ly  m anaged  ch icken , 
how ever, requ ire  large am o u n ts  of h ig h -q u a lity  feed, som e im p o r ta n t c o n s ti t­
u en ts  of w hich, above all th e  vario u s v itam in s and ad d itiv e s , have to  be im ­
p o rted  from  ab road  an d  th e ir  p rice  ad d s considerab ly  to  th e  p ro d u c tio n  costs.

In te re s t  has th ere fo re  been cen te red  on th e  d ev e lo p m en t of goose b re e d ­
ing. Geese fin d  th e  h u lk  of th e ir  food them selves b y  g raz ing  in  a p p ro p ria te  
p a s tu re s  an d  even u n d e r th e  co n d itions o f large-scale m an ag em en t, th e y  can 
be fed w ith  th e  sam e fodder p lan ts . In  Y ie t-N am , goose k eep in g  is co n cen tra ted  
in  th e  N o rth e rn  P lan e , above all in th e  surrondings o f H an o i, w here th e  co n ­
d itions are  favourab le . T he g rea te r p a r t  o f geese belong to  th e  indigenous b reed , 
th e  m in o rity  are  Chinese geese or crosses. T here are tw o  lay in g  periods: th e  
m ain  season is th e  sp ring  an d  an  a fter-season  period  follow s in  th e  a u tu m n .

Materials and Methods

O rgans of n a tu ra lly  d iseased V ietnam ese geese w ere sh ip p ed  to  H u n g a ry  
for v iru s  iso la tion . T he experim en ts w ere perform ed u n d e r carefu lly  con tro lled  
cond itions to  p re v e n t co n tam in a tio n  o f th e  m a te ria l b y  th e  H u n g arian  goose 
v iru s s tra in . The goose em bryos and  d ay -o ld  goslings u sed  in  th e  ex perim en ts 
o rig in a ted  from  a goose flock  in  w hich th e re  had  been no incidence of th e  v ira l 
gosling disease know n in H u n g ary  as “ goose in flu en za”  for th e  la s t th ree  
years.

T en  p er cen t o rgan  hom ogenates were p repared  from  liver, spleen and  
k id n ey  in  a p H  7.4 P B S  so lu tion . A n equal volum e o f ch loroform  was ad d ed  
to  th e  o rgan  suspension, th e  m ix tu re  w as shaken  for 15 m in u tes , allow ed to

* T his w ork  is p a r t  o f a  thesis su b m itte d  for th e  p o s tg ra d u a te  degree “ C andidate  o f 
V e te rin a ry  Sciences” , aw ard ed  b y  th e  H u n g a rian  A cadem y o f Sciences. T u to r: D r. B éla  
T ó th . P lace  of w ork: P H Y L A X IA  V e te rin a ry  Biologicals and  F o o d stu ffs . B u d ap est. P erio d  
of p o s tg ra d u a te  s tu d y : 1969— 1972.
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s ta n d  overnight in  th e  re frig e ra to r an d  n e x t m orn ing  i t  w as cen trifuged  a t 
3000 r.p .m . The s u p e rn a ta n t  was p laced  in  a P e tr i d ish  a n d  a ir  bubb les were 
b low n  in to  it b y  m ean s o f  a p ip e tte  to  rem ove residual ch lo ro fo rm . T hen  0.2 m l 
a m o u n ts  of the  f lu id  w ere  inocu la ted  in to  th e  a llan to ic  c a v ity  o f  em b ry o n a ted  
goose eggs p re in c u b a te d  for 10 days, b y  th e  tech n iq u e  p ro p o sed  b y  D e rzsy  
et al. (1970). The in fe c te d  eggs were in c u b a te d  a t  37 °C an d  w ere candled  2 or 3 
tim e s  daily. A fter th e  d e a th  of th e  em bryo , th e  egg shell w as d isin fected  w ith  
0 .5 %  nitrogenol; th e  egg w as cooled a t  -]-4 °C, opened, th e  a llan to -am n io tic  
f lu id  was w ith d raw n  a n d  sto red  a t  — 20 °C u n til u sed . Sam ples from  each 
a llan to -am nio tic  f lu id  w ere in o cu la ted  in to  se ru m -con ta in ing  ag a r for b a c te rio ­
log ical exam ination .

Results

V ietnam ese a n d  H u n g a ria n  goose v iru s  iso lates w ere com pared  b y  cross 
n eu tra liza tio n  te s ts  in  goose em bryo . A n tise ra  w ere p re p a re d  in  grow ing geese; 
th e se  were in o cu la ted  w ith  th e  v irus s tra in  V tw ice a t a 10-day  in te rv a l and  
w ere  exsangu inated  10 d ay s a fte r  th e  second ino cu la tio n . T he H u n g a rian  s tra in  
В an d  hyperim m une se ra  to  stra in s В , H , “ C sontos”  an d  LB  were supplied  
b y  Dr. D. D e r z sy , B u d a p e s t.

The n e u tra liz a tio n  te s ts  w ere ca rried  o u t in  goose em bryos. T he v iru s  
m a te r ia l was d ilu ted  1 : 5 ,  1 : 50, 1 : 500 an d  1 : 5000 in P B S  an d  an  equal 
a m o u n t of an tise ru m  w as added to  each  d ilu tion . A fte r a th o ro u g h  shak ing , 
th e  m ix ture  was a llow ed  to  s ta n d  a t room  te m p e ra tu re  fo r 2 hours an d  5 em ­
b ry o n a te d  goose eggs w ere in ocu la ted  w ith  each d ilu tio n . A n a p p ro p ria te  con­
tro l  series was se t u p  w ith  each d ilu tio n , using  b ro th  in s te a d  of serum . V irus 
t i t r e s  were d e te rm in ed  b y  th e  m ethod  o f R eed  and M uench.

Epizootological observations

The goose s to ck  o f  V iet-N am  increased  m ark ed ly  d u rin g  th e  la s t decade, 
b u t  in recent y ears  o u tb re a k s  of a p rev io u sly  unknow n in fec tious disease have 
occurred  in th e  f lo ck s , like in  th e  E u ro p ean  coun tries. A sporad ic  incidence 
w as firs t no ted  d u rin g  th e  spring in  1966, again  in  1967, an d  in  1968 th e  disease 
sp read  to  m any  f lo ck s , causing severe losses. In itia lly , losses occurred  only 
am ong  the 1— 3 w eeks old goslings, b u t  recen tly  also 4 —5 weeks old b ird s 
h av e  often becom e in v o lv ed . In  th e  in fec ted  flocks 60— 9 0 %  of th e  b irds died  
a n d  in some fa rm s, m o r ta li ty  even reach ed  100% .

Owing to  th e  explosion-like sp read  of th e  disease an d  th e  ex trao rd in a rily  
h igh  losses, th e  gosling  disease was te rm e d  in V ie t-N am  as “ goose p lag u e” . 
T h e  firs t m inor o u tb re a k s  occurred in  th e  N o rth ern  P lan e , b u t  la te r  incidence 
w as also noted  in th e  m o u n ta in  region and  o th e r d is ta n t areas of th e  co u n try .
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I t  seems th a t  th e  ag en t was in tro d u c e d  everyw here b y  p o p u la tio n  m ovem ents 
an d  uncon tro llab le  goose tra n sp o r ts  d u rin g  th e  w ar. M o rta lity  began to  de­
crease w ith  th e  sp read  of th e  disease to  an  ever grow ing a rea . I t  is believed th a t  
th e  chain  of in fection  m igh t h av e  been  b roken  by  th e  m ass losses an d /o r h a rd  
im m u n ity  m igh t have  developed. In  1970, th e re  was only  a spo rad ic  incidence 
an d  no losses occurred .

The source from  w hich th e  disease h ad  been in tro d u c e d  in to  V ie t-N am  
could no t y e t be id en tified . A s im ila r goose disease w as observed  earlier in  
C hina. U p -to -d a te  large h a tch e rie s  do n o t y e t exist in  V ie t-N am ; goslings are  
h a tc h e d  u n d er n a tu ra l cond itions an d  th u s  a rtific ia l h a tc h in g  can  be excluded  
as a fac to r of d issem ination . In fe c te d  eggs, th e  carrie rs  am o n g  layers a n d , 
p ro b ab ly , co n tam in a tio n  w ith  th e  v iru s  of feed and in s tru m e n ts  can  be h e ld  
responsib le  for th e  spread  of th e  disease.

C linical observations

U nder field  cond itions, goslings u su a lly  begin to  show  sy m p to m s a t  7— 10 
d ays of age, w hereas on ex p e rim en ta l in fec tion  often a lre a d y  a f te r  3—4 d ay s . 
H y p e ra c u te  cases, in  w hich a b ru p t d e a th  was p receded  on ly  b y  a te m p o ra ry  
listlessness, w ere observed in  th e  in itia l stage  of th e  o u tb re a k s . The disease 
in v a ria b ly  set in  w ith  listlessness, in ap p e ten ce  and o th e r  signs of a febrile 
s ta te . W ate r consum pton  rose. M any b ird s  showed sy m p to m s in d ica tiv e  o f 
a m ild  coryza, some h ad  a d ifficu lt b re a th in g , accom pan ied  b y  a tu rb id  nasa l 
an d  oral d ischarge. D iarrhoea  w as ra re . The stool w as in it ia lly  no rm al, la te r  
i t  becam e w a te ry  and  w hite-g reen isch . T he b irds hudd led  to g e th e r  in groups, 
lo st condition  u n til th e y  w ere scarce ly  able to  s tan d  an d  d ied  2 —3 days a fte r 
on se t. B o th  in  n a tu ra l and  ex p e rim en ta l infections, th e  d isease to o k  a p ro ­
t ra c te d  course in  som e ind iv id u a ls  to w ard s th e  end of th e  o u tb re a k ; in  such 
cases exud a tio n  accu m u la ted  in  th e  abdo m in a l cav ity , causing  its  d ila ta tio n .

In  diseased flocks, losses u su a lly  reached  peak  a t th e  end  o f th e  second 
w eek and  a t  th e  beg inn ing  of th e  th ird  w eek, a fte r w hich m o rta li ty  ten d ed  to  
decrease day  by  d ay  and  as a ru le  ceased d u ring  th e  fo u rth  w eek.

Gross lesions

In  h y p e racu te  cases, th e  p o s t m o rtem  findings w ere e ith e r  n eg a tiv e , or 
on ly  a few p e tech ia l haem orrhages w ere found  in  th e  serosa.

W ith  a less ra p id  course, th e  m ain  gross lesion was ca rd iac  degenera tion . 
In  p a r t  of th e  cases d ila ta tio n  of th e  h e a r t , rounding  of th e  ca rd iac  apex , v a r ­
ious degrees of m yocard ia l d eg en era tio n  and  a g rey ish , cooked-m eat-like 
co lour of th e  h e a r t were observed . E x tra v a sa tio n  of a considerab le  am o u n t 
o f serum  in to  su bcu taneous connective  tissue , th o raca l, ab d o m in a l and /o r
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p erica rd ia l c a v ity  w as o ften  fo und . The e x tra v a sa te d  se ru m  eith er rem ained  
liq u id , or coag u la ted . F ib rin  o rig in a tin g  from  th e  p leu ra l a n d  p eritonea l ex u d a ­
tio n  usually  d ep o sited  on th e  su rface of th e  liver, fo rm in g  a th in  or th ick e r 
c o a t over i t  (F ig. 1). In  ce rta in  cases th ic k  fib rin  d epositions o f a loose te x tu re  
w ere also found on th e  surfaces o f abdo m in a l and  th o ra c a l a ir  sacs.

Fig. 1. F ib rin -co a ted  liv e r o f a 14-day-old gosling died  in  e x p e rim e n ta l in fection

Lesions v a ry in g  in  ty p e  an d  sev erity  were o ccasionally  found  in  th e  d i­
gestive tra c t. A ccu m u la tio n  o f m ucin  in  m o u th , oesophagus, p ro v en tricu lu s  
an d , som etim es, in  th e  g izzard , was a com m on f in d in g . In te s tin a l changes 
ranged  from  a m ild  c a ta r rh  to  severe in flam m atio n . A fib rin o u s  en te ritis  oc­
cu rred  w ith  p ro tra c te d  courses of b o th  spon taneous an d  ex p erim en ta l disease.

In  some cases th e  liv er w as sligh tly  h y p eraem ic  an d  th e  ga llb ladder 
w as swollen. Sw elling of th e  spleen occurred  only i f  th e re  w as a secondary  
b ac te ria l in fec tion  (ch iefly  salm onellosis); in  such cases yellow ish-w hite n e ­
c ro tic  foci a p p ea red  in  liv er and  spleen. The la ry n g ea l, p h a ry n g ea l and  t r a ­
cheal m ucosa e x h ib ite d  redden ing . M ucosal h y p eraem ia  an d  a viscous e x u d a ­
tio n  were often  fo u n d  in  th e  nasa l an d  adnasa l c av itie s . P u lm o n ary  h y p e r­
aem ia and o ed em ato u s in f iltra tio n  o f in tra lo b u la r  sep ta  an d  p leura was a ra re  
find ing .
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M icroscopic lesions

T he m ost ch a rac te ris tic  changes w ere found  in  th e  h e a r t m uscle. T he 
m uscle tissu e  w as in places h y p eraem ic , oedem atous an d  took  on a pale  s ta in . 
T he m yo card ia l cells lost tra n sv e rsa l s tr ia tio n . The affec ted  cells co n ta in ed  
fa t  d ro p le ts  an d  nu c lear debris, an d  f in a lly  fell a p a r t. T he m yocard ia l lesions 
w ere su rro u n d ed  by  in fla m m a to ry  cells (F ig . 2). T he p erica rd ia l connective  
tissu e  was in itia lly  oedem atous, la te r  in f il tra tin g  cells ap p eared  in it.

T he sm oo th  m uscle cells o f th e  je ju n u m  show ed sim ilar changes: degen ­
e ra tio n  an d  d is in teg ra tio n  of th e  m uscle tissu e  p ro p er w ere followed b y  d e ­
velo p m en t of an  in flam m ato ry  cellu lar reac tio n  in th e  affec ted  area.

Fig. 2. O edem a a n d  degeneration  of m y o card ia l cells. N ote accu m u la tio n  of m o nonuclear 
cells an d  e ry th ro cy te s  be tw een  th e  m uscle cells. H . & E ., X 400

T he m ucous m em brane o f th e  je ju n u m  d e te rio ra ted  an d  becam e des­
q u a m a te d  from  th e  p ro p ria  in  m an y  p laces. In f i l t ra t in g  cells in  th e  p ro p ria  
an d  h y p eraem ia  o f th e  subm ucosa w ere o ften  seen.

T he liv er cells d egenera ted  an d  s ta in ed  pale w ith  h aem ato x y lin  and  eosin 
s ta in  (F ig. 3).

Isolation and properties o f  the virus

Several goose em bryos in o cu la ted  w ith  hom ogenates o f gosling organs 
b ro u g h t from  V iet-N am  died  betw een  3 an d  8 days a f te r  in fec tion . F ro m  th e  
th ird  passage, em bryonic  d ea th  becam e reg u la r, occurring  chiefly  betw een

4 Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



50 HANH

5 a n d  6 days. T he m ain  changes show ed b y  th e  em bryos w ere cu taneous hyper- 
a em ia , oedem a a n d  h aem o rrh ag es in  th e  subcu tan eo u s co nnective  tissu e , an d  
m y o card ia l d eg en era tio n . The v iru s  t i t re s  o f th e  a llan to -am n io tic  flu ids w ere 
low  in  th e  f irs t  p assag es, b u t  reach ed  a 5 x l 0 4— 1045 E L D -0/m l v a lu e  a fte r  
th e  5 th  passage. T h e  iso la te  has been  d esig n a ted  as “ V ” .

Fig. 3. L iver cell d eg en eration . T he d eg en era ted  cells s ta in  pale . H . & E ., X 400

Virus s tra in  V w as equally  well n eu tra lized  by  hom ologous and  a n ti-B  
se ru m , less well b y  a n ti-H  and  an ti-C son tos sera and  no t a t  all by  a n ti-L B  
se ru m . The H u n g a ria n  v iru s s tra in  В w as well n eu tra liz ed  b y  hom ologous 
a n d  anti-V  sera, s lig h tly  by  a n ti-H  serum  an d  n o t a t  all b y  an ti-C son tos and  
a n ti-L B  sera (T able I). T he an tise ru m  p re p a re d  w ith  th e  v iru s  s tra in  “ H o lla n d ”  
( H oekstra  and  S m it , 1971) n eu tra lized  th e  iso lates V and  В a t  th e  sam e t i t r e  
level as it  did th e  hom ologous s tra in .

Serum  p ro te c tio n  and  cross p ro tec tio n  te s ts  w ith  th e  H u n g a rian  an d  
V ietnam ese iso la tes  w ere p erfo rm ed  in  goslings. E q u a l vo lum es of v iru s-co n ­
ta in in g  a llan to -am n io tic  flu id  and  an tise ru m  w ere m ixed, th e n  th o ro u g h ly  
sh ak en  and allow ed to  s ta n d  a t room  te m p e ra tu re . A fter in c u b a tio n , 10 goslings 
w ere inocu la ted  su b cu tan eo u sly  each w ith  1 m l of th e  v iru s—serum  m ix tu re . 
T en  contro l goslings, in o cu la ted  each w ith  0.5 ml v iru s co n ta in in g  flu id , w ere 
se t up  w ith  each  series.

In  cross p ro te c tio n  te s ts , goslings w ere un ifo rm ly  p ro te c te d  by  th e  an ti-V  
an d  an ti-B  a n tise ra  (T able I I ) .
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Table I

C om parison  of goose v iru s iso la tes from  V iê t-N am  (У) an d  H u n g a ry  (B ) in  n e u tra liz a tio n  te s t

V irus s tra in Serum
V irus d ilu tio n

V iru s  t i t re  
0 .2  m l

N e u tra liz a ­
tio n  in d ex1 0 " 1 IO "2 10-3 i o - ‘

Y 0 5/5 5/5 4/5 4/5 1 0 4

Y anti-V 1/5 1/5 0/5 1/5 1 0 1 3

V anti-B 1/5 0/5 1/5 0/5 1 0 1 3

V anti-H 4/5 4/5 2/5 1/5 102-55 1.45

V an ti-“ Csontos” 4/5 4/5 3/5 2/5 Ю З-34 0 .6 6

V anti-L B 4/5 4/5 3/5 5/5 1 0 4 0

В 0 5/5 4/5 4/5 3/5 1 0 4

В anli-B 1/5 0/5 0/5 0/5 1 0 ' 3

В anti-V 1/5 1/5 1/5 0/5 1 0 1 3

В an ti-H 5/5 4/5 4/5 1/5 103-35 0.65

В a n ti-“ Csontos” 5/5 5/5 5/5 5/5 1 0 4 0

В anti-L B 5/5 5/5 5/5 2/5 1 0 4 0

T he n u m era to r desig n ates  th e  n u m b er o f dead  em bryos, th e  d e n o m in a to r th a t  of 
ino cu la ted  ones.

Table II

Cross p ro tec tio n  te s ts  in  goslings

Virus strain Serum No. Goslings died
%

V 4/10 40

V anti-V 0/10 0

V anti-B 0/10 0

V 4/10 40

в an ti-B 0/10 0

в anti-V 0/10 0

P ro p ag a tio n  of s tra in s  Y an d  В in  goose em bryo  f in ro b la s t  cu ltu re  was 
also a tte m p te d . P a r t  o f th e  cells becam e d e tach ed  from  th e  glass w all 6— 7 
days a f te r  in fection , b u t  th is  phenom enon  seem ed to  be due to  th e  aging of 
th e  cu ltu re  ra th e r  th a n  to  a specific c y to p a th ic  effect (C P E ). T he th ird  and  
f if th  tissu e  cu ltu re  passages o f s tra in s  V and  В w ere t i t r a te d  in  goose em bryo . 
T he resu lts  suggested th a t  v iru s  m u ltip lica tio n  d id  ta k e  p lace  in  th e  tissue 
cu ltu re  d esp ite  th e  lack  o f C P E : th e  t i tre s  were h igher th a n  o rig inally  (Table I I ) .

N e ith e r th e  chick e ib ry o , nor th e  P ek ing  duck  em bryo  p roved  to  be 
su scep tib le  to  v irus s tra in s  V and  B, w hereas M uscovy d u ck  em bryos were
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Table Ш

B e h av io u r o f  v iru s s tra in s  V and  В in goose em b ry o  fib ro b la s t
cell cu ltu re

V iru s  s t r a in  an d  
n u m b e r  o f  t issu e  
c u ltu re  p assag es

T i tr e  o bserved
T i tr e  c a lc u la te d  in  

ab sen ce  o f  rep lica tio n

V , 1 0 3 i o 3-5
B i 1 0 3 1 0 3 .5

V 3 1 0 3 101-*
B 3 1 0 3 1 0 1 .5

V 5 t o 1-”
B 5 1 0 3

a t  least as suscep tib le  as th e  goose em bryos. Several tim es  passaged У  an d  В 
v iru s  were eq ua lly  le th a l  to  th e  m a jo rity  of M uscovy d u ck  em bryos, k illing 
th e m  w ithin 2— 5 d ay s  a lread y  in  th e  f irs t  passage. A fte r  th ree  passages, all 
M uscovy duck em b ry o s d ied  w ith in  3— 4 days an d  th e  v iru s  could easily  be 
re iso la ted  from  in fe c te d  goose organs in  M uscovy d u ck  em bryo .

The p a th o g e n ic ity  of v iru s  s tra in  V for day-o ld  geese ten d ed  to  decrease 
in  th e  course o f se ria l tra n sfe rs  in  goose em bryo . T h e  m o rta lity  o f goslings 
in fec ted  w ith  v iru s  Y  from  th e  f irs t  passage was 47 %  decreasing  to  40, 35 and  
1 0 %  w ith  m a te ria ls  fro m  th e  10 th , 20 th  and  3 0 th  passage , re spec tive ly . P ro ­
longa tio n  of th e  in c u b a tio n  period  an d  red u c tio n  o f  th e  m o rta lity  ra te  b o th  
suggested  a red u ced  v ira l  v iru lence  (Table IY) b u t, considering  th e  low  n u m b er

Table TV

P a th o g e n e c ity  o f v iru s s tra in  V fo r day-o ld  goslings a f te r  serial 
tran sfe rs  in  goose em bryo

Virus stra in  and 
passage num ber

No. of inoculat­
ed day-old 

goslings

Incubation in days 
E xtrem e (Mean) values

Losses

No. %

Vx 36 4 - 1 5  (7.3) 17 47

v M 2 0 6 - 1 7  (11) 8 40

v 2„ 17 1 6 -1 7  (17.1) 6 35

V 3„ 2 0 1 0 -1 7  (13.5) 2 10

o f  th e  experim en ta l b ird s  an d  th e  g rea t in d iv id u a l v a r ia tio n  in  th e  su scep tib il­
i ty  of day-old goslings, th e  loss of v iru lence  has re m a in e d  to  be con firm ed  by  
fu r th e r  experim en ts, th e  m ore as no sim ilar decrease o f  v iru lence  w as observed  
w ith  th e  H u n g a rian  s tra in  B.

The physica l a n d  chem ical p ro p ertie s  of s tra in  V an d  В w ere found  to
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be identical. B oth resisted chloroform treatm ent, pH  3, trypsin, saponin, 
sodium -dodecylsulphate, and heat treatm en t for one hour at 50 °C and 30 
m inutes at 56 °C (Table Y).

Table V

R esistance  of v irus s tra in s  V a n d  В  to  physical and  chem ical 
ag en ts

Virus titre/0 .2  ml

Treatm ent after trea tm en t

S train V S train  В

Control 104 104

Chloroform 104 104

pH  3 104 104

T rypsin , 0.25% 104 104

N a-dodecylsulphate, 0 .2% Ю4 104

Saponin, 0 .1% 103.7 I0 4

Mg** ion 50 °C, 1 hour 104 I0 4

50 °C, 1 hour 104 104

56 °C, 30 m in 104 104

To obtain inform ation on the size o f  the vision, sam ples o f Y and В virus 
were passed through Millipore filters o f  220, 100 and 50 nm  pore diam eter. 
Since all filtrates and their 1 : 10 dilutions killed the m ajority o f  goose em bryos, 
it  has been concluded that the virion is sm aller than 50 nm  in diameter.

D iscussion

Incidence o f an infectious gosling disease has recently been reported  
from several countries. In the German Federal Bepublic, the disease was de­
scribed first as goose plague (K r a u s s , 1965), later as infectious goose hepatitis  
(S c h e t t l e r , 1971). The term “ goose p lague” had originally been coined in 
the N etherlands (Va n  Cl ee f  and M i l t e n b u r g , 1965; H o e k s t r a  and S m it , 
1971). In the Soviet U nion, K o n t r im a v ic h u s  et a l., (1966) described a disease 
causing mass losses in goslings as “ infectious enteritis” . In Hungary, the  
disease was named “ goose influenza” ( D e r z sy  et a l., 1970; Csontos  and K is  
Cs a t á r i , 1967). Incidence of a similar disease was later reported from France 
(Co u d e r t  et a l., 1972), Ita ly  (R i n a l d i  e t a l . ,  1970) and Great Britain (Cr ig h - 
ton  and W i l k i n s o n , 1970).

Virological exam inations resulted in  the isolation o f agents similar in 
physical and chem ical properties to th e  V ietnam ese strain V and the H ungar­
ian strain B. At least part of the strains isolated in the different countries 
proved to be antigenically identical (V, В and “ H olland” ).
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The iso lates can  easily  be p ro p a g a te d  in  goose em bryo , b u t could n o t be 
a d a p te d  to  chick a n d  P ek in g  duck em bryos. T he p re sen t stud ies have confirm ed  
th e  observation  o f  H o e k s t r a  and S m i t  (1971) th a t  th e  M uscovy duck  em bryo  
is as susceptib le  as th e  goose em bryo . T he iso lates m u ltip ly  in goose em bryo  
f ib ro b la s t cu ltu res  w ith o u t causing a ch a ra c te ris tic  C P E , as observed earlie r 
b y  K o n t r im a v ic h u s  a n d  Ma ib o r o d a  (1968).

As to  th e  sy s te m a tic  position  o f  th e  goose v iru s iso la tes, several au th o rs  
( D e r z sy  et al., 1970; Csontos  and  K is  Cs a t á r i , 1967; Ma n d e l l i  et al., 1971) 
c lassified  th em  as reo v iru ses , w hereas S ch e tt l e r  (1971) has reg ard ed  th e m  
as parvov iruses. T h e re  is exp erim en ta l ev idence th a t  th e  v iru s  passed  th e  Milli- 
p o re  filte r of 50 n m  p o re  d iam eter, w hence th e  v irion  seem s to  be sm aller th a n  
50 n m  in d iam e te r.

Sum m ary

The sy m p to m s, g ross and  m icroscopic lesions associated  w ith  a disease recen tly  causing  
g re a t  losses am ong g o slin g s in V iet-N am  w ere fo u n d  to  be in ev ery  respec t sim ilar to  th o se  
o f  th e  p ictu re  k n o w n  in  H u n g a ry  as “ goose in flu e n za ” . The d isease, called “ goose p lag u e”  
in  V ie t-N am , chiefly  a ffe c ts  th e  one to th re e  w eeks old goslings an d  th e  m o rta lity  ra te  w as 
in itia lly  as high as 60 — 9 0 % . The sym ptom s a n d  gross and  m icroscopic lesions are described  
in g re a t detail. In  V ie t-N am , the  spread o f th e  gosling disaese was due to  uncon tro lled  m ove­
m e n ts  of persons a n d  an im a ls  un d er th e  em erg en cy  conditions o f  w ar. Large h a tch erie s , 
s im ila r  to those re p re se n tin g  th e  m ain sources o f d issem ination  in  E u ro p e , do no t y e t ex is t 
th e re .

A virus s tra in  d e s ig n a ted  “ V ” was iso la ted  from  organs o f n a tu ra lly  diseased V ie t­
n am ese  geese. The s tr a in  V and  th e  H u n g a ria n  iso late  В can  b o th  be p ro p ag ated  in  goose 
e m b ry o  fib ro b last c u ltu re  w ith o u t causing a  w ell-defined c y to p a th ic  change. B o th  s tra in s  
a re  re sis tan t to  ch lo ro fo rm , p H  3, h ea t, 0 .25%  try p s in , 0 .2%  sodium -dodecy lsu lphate  an d  
0 .1 %  saponin. S tra in  V te n d e d  to  lose v iru len ce  a f te r  serial passages in goose em bryo.

Virus n e u tra liz a tio n  an d  serum  cross p ro tec tio n  te s ts  hav e  in d ica ted  th a t  th e  V ie t­
n am ese  s tra in  V, th e  m o s t freq u en t H u n g a rian  iso late  В an d  a s tra in  iso lated  from  goslings 
in  th e  N etherlands (“ H o lla n d ” ) are an tig en ica lly  iden tical.
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T he discovery  o f foe ta l loss due to  m a te rn a l-fo e ta l d ifferences has focused 
a tte n tio n , beyond  th e  classical case o f R h  blood group  sy s tem , on th e  role of 
o th e r b lood-group  and  p o lym orph ic  p ro te in  system s in  n a tu ra l  selection.

H ir szfeld  an d  Z borovszki (1926) were th e  f irs t to  show  d efic iency  of group-A  ch ild ren  
in  fam ilies w here th e  m o th e r belonged  to  group  0 and  th e  fa th e r  to  g roup  A. T heir find ing  
has been  confirm ed b y  several a u th o rs  w ith  re sp ec t to  group B , too . L e v in e  (1943) an d  W ie n e r  
et al. (1949) found  th e  freq u en cy  o f sp o n tan eo u s ab o rtio n  to  be re la te d  to  th e  ABO incom ­
p a tib ility  betw een  p a ren ts , b u t  th is  find ings has n o t been confirm ed  b y  o thers . N everthe less , 
m an y  co n tra d ic to ry  find ings were p u b lished  in  connection  w ith  fe rti l ity  and  ABO-Rh in ­
co m p atib ility .

In  dom estic  an im als m ate rn a l-fo e ta l in co m p a tib ility  on th e  basis o f blood group  in ­
co m p atib ility  was f irs t d e m o n s tra ted  in pigs by  Sz e n t - I v ányi a n d  Szabó (1954). F u rth e rm o re , 
A shton  (1958; 1959; 1961), as well as A shton  and  F allon  (1962) desc rib ed  evidence fo r an  
effect o f th e  tran s fe rrin  locus on th e  fe rtility  an d  em bryonic  m o r ta l ity  in  ca ttle . K hattab  
et al. (1964), exam in ing  th e  tran s fe rrin  system  of sheep , concluded  t h a t  th e  effect o f th e  T fc 
gene favours m ate rn a l-fo e ta l in co m p a tib ility  causing  d is tu rb ed  seg reg a tio n  ra th e r  th a n  se­
lective  fe rtiliza tion . T his find ing  w as confirm ed  also b y  F ésűs (1971) in  th e  case o f T f1; T fA 
and  T fE , and  by  F ésű s  and  R a sm u sen  (1971) in  th e  case of T fB. In  pigs K ristja n sso n  (1964) 
show ed th a t  m atings o f T fB hom ozygous boars to  T fA/T fB h e te ro zy g o u s sows resu lted  in a 
s ign ifican tly  h igher re tu rn  ra te  to  service th a n  o th e r m atings in v o lv in g  these tw o alleles. 
A n excess o f heterozygous geno types was fo u n d  b y  I mlah  (1970) in  a ll l itte rs  from  m atings 
o f pigs being he terozygous fo r th e  T fc  allele. F u rth e rm o re , in pigs a co n sis ten t effect o f alleles 
a t  th e  H  blood group  system  an d  re p ro d u c tiv e  perform ance w as fo u n d  by  J e n s e n  et al. 
(1968). Morton  et al. (1965) no ticed  th a t  egg-w hite loci were asso c ia ted  w ith  em bryon ic  
m o rta lity  in  chickens.

A shton  an d  D e n n is  (1971) sum m arized  th e  selective effects w hich  m ay  cause a d iffer­
ence in  th e  p ro d u c tio n  of p rogeny  as follow s: (1) zygotic  se lection , (2) em bryon ic  selection , 
(3) p re n a ta l  selection , (4) p o s tn a ta l  selection , (5) a d u lt se lection , (6) p rezygo tic  selection. 
T h ey  pu b lish ed  d a ta  on litter-s ize , d is tr ib u tio n  of litte rs , sex ra tio  seg regation  collected  from  
13 genera tio n s o f a la b o ra to ry  m ouse colony segregating  for tw o m u rin e  tran sfe rrin  alleles, 
T rfa and  T rfb. The overall analysis shows th e  T rfb allele w ith  a  2 .3%  ad v an tag e  over T rfa 
u n d e r defined  conditions.

N um erous w orkers have  g a th e red  an d  published  seg reg a tio n  d a ta  for tran s fe rrin  
alleles in  various c a tt le  breeds. A sh to n  (1965) ev a lu a te d  a n u m b er o f s tud ies and  concluded 
th a t  m atin g s from  w hich  eq u al n u m b er o f offspring  like and u n lik e  th e  m o th er were to  be 
ex p ec ted  resu lted  in a  s ign ifican t excess m other-like  progeny. E a rlie r , A shton  and  F allon  
(1962) described th e  pooled  d a ta  fo r 2544 in sem inations betw een  bu lls a n d  cows w ith  d ifferen t 
tran s fe rrin  genotypes. The e ffe c tiv ity  o f m atin g s be tw een  unlike hom ozygous, like hom ozygous, 
hom ozygous-heterozygous an d  h e terozygous an im als were 61.6; 55.6; 49.2 and  45 .6 % , re ­
spectively . These resu lts  in d ica ted  t h a t  h e te rozygo tes were m ore v iab le  in  utero. A shton
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(1965) suggested t h a t  fo u r  p h en o m en a  affec ting  rep ro d u c tiv e  p e rfo rm an ce  are associated  
w ith  th e  tran sfe rrin  p o ly m o rp h ism  o f ca ttle : (1) su p erio rity  o f h e te ro zy g o te s  in  utero, (2) 
m ate rn a l-fo e ta l in c o m p a tib ility , (3) d iffe ren tia l fe rtility  o f hom ozygous an d  heterozygous 
b u lls  and (4) d iffe ren tia l fe rti l ity  o f hom ozygous an d  heterozygous cows. In s te a d  of m ate rn a l- 
fo e ta l  inco m p atib ility  Co o per  and  R e n d e l  (1968) used  the  m ore n e u tra l  te rm  “ unlike — 
hom ozygous — m o th e r  e ffec t” .

M any cases o f sm all ra tio s  o f  d is tu rb ed  segregation  of th e  c a tt le  tran sfe rrin  alleles 
h a v e  already been d esc rib ed  (see: Ga h n e , 1967; fo r references), b u t  th e  insu ffic ien t n u m b er 
o f  observations an d  th e  large  ran d o m  e rro r in each  case did no t allow  to  com e to  a positive  
o r  negative  conclusion.

The purpose o f  th is investigation  was to exam ine the occurrence o f the  
above-m entioned effects in our considerably large population analyzed for 
transferrin polym orphism . Furtherm ore, we wish to dem onstrate these effects 
b y  taking into consideration also the distinction o f the T fDl and T f° 2 alleles, 
as m ost of the papers have m ade no d istinction between these tw o transferrin  
alleles and referred to  them  as T f only.

M aterials and  M ethods

Blood sam ples were obtained from 18,816 parentage-controlled individu­
als belonging to the H ungarian Spotted (Felckvieh) cattle  breed.

For the determ ination  o f transferrin phenotypes zone electrophoresis 
in  starch gels described by Ma k a r e c h ia n  and H o w ell  (1966) was applied. 
Serum samples adsorbed onto W athm an 3M filter paper stripes were placed  
in  an incision 3 cm from the cathode end o f the gels. The inserts were rem oved  
after applying 150 V for 20 m in. E lectrophoresis was then  continued using  
300 У output vo ltage  until the borate boundary had m igrated 7.2 cm beyond  
th e  insertion line. The gels were stained with A m idoblack 10B —  nigrosin 
solution  and destained in m ethanol-w ater-acetic acid ( 5 : 5 : 1 )  m ixture.

R esults

In the present m aterial six  transferrin alleles occurred and 14 pheno­
ty p es were observed. In addition to the four com m only occurring alleles (TfA; 
T fD); T f°2 and T fE) tw o alleles, v iz .  T fF (K o vács , 1968) and T f1 Hungary  
(S o o s et al., in preparation) are present in Hungarian Spotted  cattle. The 
allelic frequencies and the observed and expected distribution of phenotypes 
in  the populations o f  A. I. bulls, cows and their progeny according to the  
H a r d y -W e i n b e r g  expectation  are shown in Tables I and II . Table III dem on­
strates the distribution o f transferrin phenotypes of progeny from  such m atings 
w here equal num bers o f  progeny w ith transferrin types like and unlike the  
dam s were expected . The present data show that the so-called “ unlike-hom o- 
zygous-m other e ffec t” (Co o per  and R e n d e l , 1968) m ay cause a significant 
deviation (P <  0.001) from the expected 1 : 1 ratio of hom ozygous and hetero-

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



POPULATION GENETIC STUDIES 57

Table I

T he gene freq u en cy  v a lu es o f th e  tra n s fe r r in  alleles in  th e  d iffe ren t popu lations.

Population of
N um ber of 

animals examined
l f A
4

T fDi TfDa
q

TfF
q

TfE
q

Tf^Ilungary
q

A. I. bulls 484 0.2200 0.1302 0.6043 0.0455
Cows 9 166 0.1948 0.1663 0.6155 0.0005 0.0228 0.0001
P rogeny 9 166 0.1567 0.1819 0.6258 0.0002 0.0353 0.0001

T o ta l 18 816 0.1769 0.1729 0.6203 0.003 0.0295 0.0001

Table II
O bserved a n d  expected  d is tr ib u tio n  of t ra n s fe rr in  ph en o ty p es in  d iffe ren t p o p u latio n s o f  

H u n g a rian  S p o tted  c a tt le  according to  th e  H a h d y  — W e i n b e r g ’s  ex p ec ta tio n

Phenotypes
Population of

A. I . bulls Cows Progeny

AA 27 (23.431) 340 ( 347.823) 236 (225.070)
D .D i 9 (8.202) 248 (253.484) 300 (303.281)

D 2D 2 183 (177.701) 3503 (3472.245) 3585 (3589.641)

F F - (0.002) - (0.001)

E E — (1.003) 5 (4.765) 12 (11.422)

b d H - (0.001) - (0.001)
a d 2 26 (27.732) 627 (593.916) 527 (522.530)

a d 2 119 (127.735) 2159 (2197.996) 1781 (1797.688)

AF 5 (1.785) 1 (0.575)

A E 14 (9.691) 100 (81.420) 92 (101.414)

A IH - (0.357) - (0.287)

D jP j 76 (76.172) 1865 (1894.752) 2097 (2086.786)

D ,F 2 (1.524) 2 (0.667)

D jE 6 (5.730) 59 (49.343) 108 (117.711)

d J h - (0.305) - (0.333)

d 2f 3 (5.642) - (2.294)

d 2e 24 (26.613) 248 (257.260) 424 (404.967)

D 2I h 2 (1.128) 1 (1.147)

F E - (0.209) — (0.129)

F I H - (0.001) - (0.001)

E I H — (0.042) — (0.065)

T otal (484.000) 9166 (9166.000) 9166 (9166.000)
X2 =  4.67 (df.: 4) x 2 =  18.84** (df.: 7) X2 =  9.04 (df.: 6)

* d f., degree of freedom  =  num ber o f classes — n u m b er o f classes pooled — n u m b er 
o f gene frequencies — 1.

** P  <  0.05 E x p ec te d  va lues are in p a ren th eses .
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Table III

T h e  “ unlike-hom ozygous-m other effec t” , i.e. d am s are hom ozygous fo r tran sfe rrin  locus

Matings
№

Homozygous Heterozygous

X’
P

(df.:l)
S X9 progeny

A D j X AA 18 10 (9) 8 (9)

A D jjX 66 33 (33) 33 (33)

A E x 4 2 (2) 2 (2)
A D j X D jD j 10 7 (5) 3 (5)

D ,D 2X 82 36 (41) 46 (41)

D jE x 5 4 (2.5) 1 (2.5)

A D jX D .D j 649 374 (324.5) 275 (324.5)

D jD j X 1111 604 (555.5) 507 (555.5)

D._,E X 248 131 (124) 117 (124)

D . E x E E 1 1 (0.5) - (0.5)

T o ta l 2194 1202 (1097) 992 (1097) 20.10 <  0 .0 0 0 1

E xpected  v a lu es a re  in  pa ren th eses .

Table IV
E x p e c te d  and obse rv ed  n u m b ers  o f h o m ozygo tes and  he te ro zy g o tes  in  m atin g s w here th e  

“ u n lik e -h o m o zy g o u s-m o th er effec t”  should  n o t ex is t

Matings
№

Homozygous Heterozygous

X2
P

(df. : 1)
ÍX9 progeny

A A x A D j 9 6 4(-5) 3 (4.5)

X A D , 48 23 (24) 25 (24)

X  AE 2 - ( 1 ) 2 ( 1 )

A D j X A D j 18 4 (9) 14 (9)
A D 2x AD„ 429 227 (214.6) 202 (214.5)

A E x A E 3 1 (1.5) 2 (1.5)

D 1D 1x  ADi 10 5 (5) 5 (5)
x d ,d . 40 16 (20) 24 (20)
X D ,F 1 1 (0.5) - (0.5)

x D jE 1 — (0.5) 1 (0.5)

D jD 2 X D ,D 2 649 324 (324.5) 325 (324.5)

D j E x D jE 5 3 (2.5) 2 (2.5)

D ,D ,x A D 2 692 340 (346) 352 (346)

X D ,D . 525 267 (262.5) 258 (262.5)

X D .E 70 33 (35) 37 (35)

D j E x D j E 36 20 (18) 16 (19)

T o t a l 2538 1270 (1269) 1268 (1269) 0.002 0.95

E xpected  v a lu es a re  in  p a ren th eses .
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Table V

The analysis of th e  segregations o f d ifferent m atings involving th e  six tran sfe rrin  alleles according 
to  th e  m ethod  of КнАТТАВ et al . (1964)

Matings № AA A + +  + X2 d.f.

AA X AA 5 5 (5)
A A x A + 59 29 (29.5) 30 (29.5) 0.02 1
A A x +  + 84 84 84 (84)
+  + X A A 247 247 (247)
A +  x  AA 88 45 (44) 43 (44) 0.05 1
A + x A - f 707 157 (176.75) 343 (353.5) 207 (176.75) 7.68 2
A + X +  + 1425 624 (712.5) 801 (712.5) 21.99 1
+ + X A + 2125 1042 (1062.5) 1083 (1062.5) 0.78 1

D iD i n , +  +

D jD[ {-D iD t 5 5 (5)
D jD j X D t+ 52 22 (26) 30 (26) 1.23 1
D jD i X +  + 132 132 (132)
H—h  X D 1D 1 146 146 (146)
г \ +  X D 1D 1 97 47 (48.5) 50 (48.5) 0.08 1
Dj-(- X D t— 998 227 (249.5) 508 (499) 263 (249.5) 2.93 2
D i +  X H—h 2368 1116 (1184) 1252 (1184) 7.812 1
+ + X D + 1503 756 (751.5) 747 (751.5) 0,061 1

D 2D 2 d 2+ +  +

D .D .x D .D , 1124 1124 (1124)
D,D„ X D „ + 1287 640 (643.5) 647 (643.5) 0.04 1
D„D, X +  + 424 424 (424)
-j— h X D 2D„ 371 371 (371)
D „ +  x  D„D, 2008 1109 (1004) 899 (1004) 21.96 +  + 1
D s +  X +  + 816 431 (408) 385 (408) 2.59 1
+  +  X Dj-j- 436 230 (218) 206 (218) 1.32 1

FF F + +  +

+ + x F + 10 3 (5) 7 (5) 1.60 1

EE E + +  +

-j— j- X EE 4 4 (4)
E +  x E E 1 1 (0.5) 0 (0.5)
E +  xE -j- 65 11 (16.25) 34 (32.5) 20 (16.25) 2.63 2
E + X +  + 860 386 (430) 474 (430) 9.04 1
+  + X E  + 342 186 (171) 156 (171) 2.63 1

I h I h I H + +  +

+ + x ! H + 2 l 1 (1) 1 (1)

P <  0.05 P <  0.01 P  <  0.001
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zygous progeny; i.e ., in  those  m a tin g s  w here th e  bu lls are he te rozygous and  
th e  cows are hom ozygous for th e  sam e tra n s fe rr in  allele th e  observed  n u m b er 
o f  th e  hom ozygous ca lves w ith  th e  m o th e r’s p h en o ty p e  is s ig n ifican tly  h igher 
th a n  th e  n u m b er o f h e te ro zy g o tes  w ith  th e  p h en o ty p e  o f th e  fa th e r . T here 
w as no difference b e tw een  th e  hom ozygous an d  he te rozygous p rogeny  (P  >  
>  o .95) in th e  case o f rec ip rocal m a tin g s , i.e., w here th e  bu lls w ere hom ozy­
g o te s  and  th e  cows h e te ro zy g o tes  (T able IY ).

The analysis o f  th e  segregations in  d iffe ren t m atin g s invo lv in g  th e  six 
tra n s fe rr in  alleles b y  usin g  th e  m e th o d  of K h attab  et al. (1964) also shows 
s ig n ifican t d ifferences (T able Y).

The segregation  d a ta  of o th e r  m atin g s b e tw een  such  p a re n ts , w here th e  
“ un like-h o m o zy g o u s-m o th er e ffec t”  shou ld  n o t ex is t, a re  in te re s tin g  from  th e  
v iew -p o in t of h e te ro zy g o te  su p e rio rity . A shton  (1965) co llected  th e  segregation  
d a ta  of a lo t of p ap e rs  a n d  found  a sig n ifican t d ifference b e tw een  th e  n u m b er 
o f  hom ozygous an d  h e te ro zy g o u s p ro g en y  from  these  m a tin g s . T he p re sen t 
d a ta  do no t show  th is  d ifference (T able IV ). The excess o f he te ro zy g o tes  does 
n o t  ex ist in our th re e  p o p u la tio n s  (T able V I), i.e., th e re  a re  no sign ifican t d e ­
v ia tio n s  from  th e  ex p e c te d  values ca lcu la ted  on th e  basis  o f th e  H a r d y -W e i n - 
b e r g ’s ex p ec ta tio n .

Table VI

T he d is trib u tio n  o f hom o zy g o u s an d  h e terozygous p h e n o ty p e s  in  th e  th ree  p o p u latio n s

P o p u la tio n  o f H o m o zy g o tes H e te ro zy g o tes

A. I. bulls 219 (210.337) 265 (273.663)

Cows 4096 (4078.320) 5070 (5087.680)

P rogeny 4133 (4129.416) 5033 (5036.584)

T o ta l 8448 (8418.073)

X* =  0.182

10368 (10 397.927) 

p  =  0 .7 0 -0 .6 0  

(df.: 1)

E xpected  values a re  in paren theses.

D iscussion

E fremov  et al. (1971) re p o rte d  th a t  th e  bov ine  serum  tra n sfe rr in  is 
com posed of tw o su b u n its  in  c o n tra s t  to  h u m an  tra n s fe rr in  w hich  is a single 
p o ly p ep tid e  chain . W a n g  et al. (1966, 1967) found  som e o f th e  e lec trophoreti- 
ca lly  d ifferent h u m a n  tra n s fe rr in  v a r ia n ts  to  be d iffe ren t also in  th e  su b s titu ­
tio n  of an am ino acid  residue . T hese observa tions s tro n g ly  suggest th a t  th e  
so-called  m a te rn a l-fo e ta l in c o m p a tib ility  (un like-hom ozygous-m other effect) 
is caused by  an  im m unolog ica l m echan ism  betw een  th e  m o th e r an d  th e  em bryo .
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T he o th e r  th ree  p h en o m en a  m en tio n ed  b y  A shton  (1965) w hich  w ere ab le 
to  cause d ifferences in  th e  rep ro d u c tiv e  perfo rm ance ax ing  to  th e  tra n s fe rr in  
sy stem  are  ex p la in ab le  b y  th e  fin d in g s o f o th e r au th o rs , who d e m o n s tra te d  
som e physio log ica l d ifferences am ong  th e  d iffe ren t tra n sfe rr in  v a r ia n ts , e.g., 
in  th e ir  iro n -b in d in g  cap ac ity  (N e e t h l in g  an d  Os t e r h o f f , 1966) an d  on th e  
su p e rio r ity  o f th e  T fE allele in  a d a p ta b ili ty  (Os t e r h o f f , 1966). H ow ever, 
som e c o n tra d ic to ry  find ings were also pu b lish ed  b y  several au th o rs . B u is  (1972) 
found  no s ig n ifican t difference in  th e  iro n -b ind ing  cap ac ity  o f th e  d iffe ren t 
tra n s fe r r in  v a r ia n ts . D ostal  and  H u n t e r  (1972) d e m o n s tra te d  th a t  b o th  th e  
iro n -b in d in g  c a p a c ity  and  th e  se x u a l-h o rm o n e -tran sp o rtin g  cap ac ity  o f th e  
d iffe ren t tra n s fe rr in s  in  vitro are  a ffec ted  b y  some o th e r fac to rs  in d e p e n d e n t 
o f th e  tra n s fe rr in  p h en o ty p e . So i t  is s tro n g ly  suggested  th a t  th e  re liab le  r e a ­
sons fo r th e  d ev ia tio n  o f th e  observed  n u m b ers  from  th e  ex p ec ted  values in  
th e  case o f a la rge  p o p u la tio n  are m ore  im m unological th a n  physio logical in  
n a tu re . H ow ever, ow ing to  th e  fu n d a m e n ta l role of tra n sfe rr in  in  th e  m e ta b ­
olism , th e  role o f physio logical fac to rs  can n o t be excluded . On th e  o th e r h a n d , 
th e  e x a c t d e m o n s tra tio n  of th e  ex istence  o f such physio logical effects w ould  
req u ire  fu r th e r  ex p e rim en ta l v e rifica tio n .

Summary

T ran s fe rrin  gene frequencies were e s tim a te d  and  segregation  d a ta  w ere collected  on 
th e  basis o f 9166 m a tin g s  o f 18,816 an im als from  th e  H u n g a rian  S p o tted  (F leckv ieh ) c a ttle  
b reed . S ix tra n s fe rr in  alleles were found . T he m atin g s be tw een  hom ozygous cows an d  h e te ro ­
zygous bu lls  show ed a s ig n ifican t defic iency  o f he terozygous p rogeny , i.e., th e  “ u n like  — 
hom ozygous — m o th e r e ffec t”  (m a te rn a l — fo e ta l in co m p a tib ility ) was d em o n strab le . F u r ­
th e rm o re , th e  seg reg a tio n  analyzis b y  th e  m e th o d  o f K hattab  et al. (1964) show ed also sig­
n if ic an t d ifferences w ith  reg ard  to  th e  seg regation  of phen o ty p es o f th e  va rio u s alleles. O ur 
d a ta  seem  to  confirm  th e  assu m p tio n  o f o th e r  a u th o rs  t h a t  th e  tran s fe rr in  system  of c a ttle  
is n o t a  b a lan ced  po ly m o rp h ism  and  it  is p ro b a b ly  affec ted  b y  a t  p re sen t u n k n o w n  im m u n o ­
logical a n d /o r  physio log ica l effects.
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T h e  diplostom osis o f  va rio u s fish  species is well know n and  th e  life cycles o f several 
D ip lostom um  species have  b een  in v estig a ted  in  g re a t  d e ta il, especially  b y  Sh ig in  (1964, 1968, 
1969). T h e  developm ental cycle o f D iplostom um  spathaceum  (R u d ., 1819), m o st f req u e n tly  
occu rrin g  am ong fishes in  H u n g a ry , was fo llow ed  u p  b y  Cichow las  (1961).

T h e  pathogenic  e ffec t o f D iplostom um  p a ra s ite s  h as been little  s tu d ied . Several au th o rs  
re p o rte d  t h a t  the  e s tab lish m en t o f m etace rca riae  in  th e  lens caused b lin d n ess . G row th  re ­
ta rd a tio n  b y  diplostom osis w as observed b y  U s pe n sk a y a  (1957) in  th e  b ro w n  t r o u t  a n d  
b y  M in d e l  (1963) in  Coregonus sp. Min d e l  a lso  obse rv ed  losses an d  so d id  E g e l s k iy  (1965) 
am ong in fec ted  sturgeon f ry , w hich  h ad  ju s t  s ta r te d  to  feed. In  b o th  cases, m ig ra tin g  la rv ae  
were responsib le  for the  losses.

T h e  developm ent o f th e  la rv a l stages o f  D iplostom um  species w as s tu d ie d  by  E rasm us 
(1958, 1959) on fishes ex p erim en ta lly  in fec ted  w ith  Cercaria-H. species fro m  d iffe re n t Lym nae- 
idae; he inv estig a ted  th e  m ode of in fection , c e rc a ria  m ig ra tio n  w ith in  th e  h o s t an d  th e  re ­
la tio n sh ip  betw een  th e  co u n ts  o f infective  ce rca riae  a n d  losses. As E ra sm u s  d id  n o t p recisely  
d e te rm in e  th e  species o f th e  m etacercariae  e s tab lish in g  them selves in  th e  lens, i t  can  on ly  
be te n ta t iv e ly  inferred th a t  he was w orking w ith  D iplostom um  spathaceum .

D ip lostom um -in fe s ta tio n  has also been  k n o w n  am ong g rasscarp s ( Ctenopharyngodon  
idella ), s ilver carps ( H ypophthalm ichthys m o litr ix )  a n d  m arm or carps ( H ypophtha lm ich thys  
nobilis)  (A khm ero v , 1963; Szakolczai a n d  M o ln á r , 1966; B a u e r  et a l., 1969; Sh ig in , 
1971), b u t  dea th s from  th is  p a rasito sis  have n o t  y e t  been  observed. T he in v es tig a tio n s  were 
focused on  ca tarac tic  lesions o f th e  lens in  a d v a n c e d  d iplostom osis. Sh ig in  (1971) dem on­
s tra te d  t h a t  diplostom osis causes g row th r e ta rd a t io n  also in  grasscarp  a n d  A k h m er o v  (1963) 
p o in te d  o u t  th a t  D. spa i/iaceum -m etacercariae  a re  p a th ogen ic  for h e rb iv o ro u s  fishes, b u t  
p re sen te d  no evidence.

In  th is  paper an  o u tb reak  of d ip lostom osis w hich cau sed  g rea t losses 
am ong  th e  grasscarp fry  is repo rted . T h e  circum stances o f d e a th , sy m ptom s, 
gross lesions and  a h isto log ica l follow -up o f la rv a l m ig ra tion  are  described  in  
de ta il.

M aterial a n d  M ethods

T h e  exam inations w ere c o n d u c ted  on 1.7— 2.5 cm long , 3-w eek-old 
g rasscarp  fry  procured from  a pond fa rm . T he young fishes w ere sectioned  
u n d e r a stereo-m icroscope and  im pression  sm ears from  d iffe ren t organs were 
in v e s tig a te d  by  ligh t m icroscopy.

F o r  histological ex am in a tio n , th e  fishes were fixed  in toto in  4 %  form alin  
so lu tio n . The sections w ere cu t lo n g itu d in a lly , so as to  com prise  th e  eye an d  
w ere s ta in e d  w ith h aem a to x y lin  and  eosin  or F a rk as— M allo ry ’s tech n iq u e .
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Species d e te rm in a tio n s  were ca rried  ou t acco rd ing  to  S h i g i n  (1968) on 
m etacercariae  co llec ted  from  fingerlings died  d u rin g  th e  o u tb reak  an d  la te r  
fro m  surv ivors. In  th e  f ir s t  case, care w as ta k e n  to  use o lder stages, a lre a d y  
show ing th e  species ch a rac te ris tic s .

Results

In  Ju ly  1972, an  o u tb reak  causing  high losses o ccu rred  am ong th e  3- 
w eek-old, 1.7— 2.5 cm  long grasscarp  fry  in  a pond  fa rm  o f E as te rn  H u n g a ry . 
T he fingerling  p o n d  in  w hich th e  o u tb re a k  was o b serv ed , h ad  been sto ck ed  
w ith  equal p o p u la tio n s  o f n ew ly -h a tch ed  grasscarp  a n d  silver carp fry  som e 
tim e  ago.

Fig. 1. Y oung 2.5 cm  long  grasscarp  d iseased  in d ip lostom osis. N o te  p ro tru d in g  eyes a n d  
h aem o rrh ag es in  th e  o rb ita l  cav ity  an d  sk u ll a rea

W ithin  a sh o r t tim e , 90%  of th e  young g rasscarps died  of th e  d isease , 
b u t  no losses o ccu rred  am ong th e  silver carps, w hich  w ere o f th e  sam e age a n d  
size. The g rasscarps ta k e n  from  th e  po n d  for la b o ra to ry  exam ina tion  died  in  
o u r aquaries w ith in  48 hours, w hereas all silver ca rp s  collected along w ith  
th em  surv ived .

In  pond  an d  a q u a ry  alike, th e  d iseased fry  show ed  ch a rac te ris tic  sy m p ­
tom s. They d id  n o t  respond  to  e x te rn a l s tim uli a n d  could  easily be c a u g h t.
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Som e o f th em  perfo rm ed  com pulsive m ovem en ts, u sua lly  in  a ro ta t in g  m an n er 
a n d  th e  still w eaker ind iv iduals f lo a te d  on th e  w ate r su rface w ith  th e  ab d o m ­
ina l side upw ards. T he v iv id  red  colour and  congested b lo o d  vessels o f th e  
sk u ll region w ere w ell-visible a t f ir s t  s ig h t. T he swollen eyeballs w ere n ea rly  
doub le  o f th e  no rm al size, p ro tru d e d  from  th e  o rb ita l c a v ity  an d  w ere v iv id  
re d  like th e  to p  of th e  skull (F ig. 1). Som e specim ens h ad  a lre a d y  lo s t one eye. 
T h e  opaque, o ften  m ilky  w h ite  lens w as scarcely  visib le because  o f h a e m o r­
rhages in  th e  ocular cham ber.

Parasitological section

M any D iplostom um  la rv ae , in  d iffe ren t stages o f d e v e lo p m e n t, w ere fo u n d  
in  th e  lens. M igrating  D iplostom um  cercariae  occurred  in  th e  v itreo u s  b o d y  
a n d  o th e r p a r ts  o f th e  eye as well as in  th e  b ra in , h e a r t an d  m uscles. T he m i­
g ra tin g  stages w ere sm aller th a n  th o se  w hich estab lished  th em selves in  th e  lens 
a n d , un like  m etacercariae , th e y  h a d  a w ell-visible gu t an d  v e n tra l  sucker; 
th e  suckers and  in teg u m en t w ere covered  b y  spines. M ost la rv a l stages (20—- 
25 p e r host) localized in th e  lens, b u t  re la tiv e ly  m an y  (4— 5 p e r host) were 
p re se n t elsew here in  th e  eye. The av erag e  la rv a l n u m b er in  o th e r  b o d y  regions 
w as 7— 10 m ig ra tin g  stages p er h o st. E x c e p t for some Trichodina  on th e  gills, 
no  o th e r p a ra s ite  species was found .

T he silver carps w ere in fested  b y  D iplostom um  to  a s im ila r degree as 
g rasscarps an d  th e y  also h ad  coccidiosis, b u t  n e ith e r sy m p to m s n o r losses 
o ccu rred  am ong th em . G rasscarps from  four ad jacen t fingerling  pon d s o f th e  
sam e fa rm  w ere exam ined  as co n tro ls; th ese  h ad  a m uch low er degree of m eta- 
ce rca ria l in fe s ta tio n , h a rb o u rin g  on th e  average 5— 15 p a ra s ite s  per h o st. 
C e rta in  severely  in fested  ind iv iduals o f th e  con tro l lo t show ed, nev erth e less , 
th e  sam e sym ptom s as described above.

E xam ina tion  on metacercariae.

A m ong th e  m etacercariae  co llec ted  from  th e  in fec ted  f ry  an d  o th e r  
g rasscarps all stages w hich a lread y  h ad  shed th e  la rv a l in te g u m e n t show ed 
th e  fea tu res  described  b y  S h ig in  (1968) as ch a rac te ris tic  o f D iplostom um  spa- 
thaceum  (R u d ., 1819).

H istological exam inations

T he m etacercariae  w hich e stab lish ed  them selves in  th e  lens, above all 
a t  i ts  p e rip h ery  (F ig. 2), w ere easily  dem o n strab le  h isto log ically . T hey  caused 
s lig h t lesions: an  ep ithe lia l p ro life ra tio n  was only  seen a t th e  s ite  o f la rv a l p e n ­
e tra t io n . C ercariae m ig ra tin g  to w ard s th e  lens were found  in  d iffe ren t p a r ts
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F ig. 2. Young m e tace rca riae  estab lished  in th e  lens. H a em a to x y lin  an d  eosin sta in ing , X  200
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F ig. 3. D iplostom um -c e rc a ria  su rrounded  b y  p ro life ra tiv e  tissue  close to  th e  p ig m en ted
chorioidea
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of th e  eye, in  th e  co rnea , re tin a  and  v itreo u s body , su rro u n d ed  by  cells ch a rac ­
te ris tic  o f th e  loca liza tion  and  by  blood corpuscles. In  certa in  cases, how ever, 
th e  cercariae  w ere su rro u n d ed  b y  g ran u la tio n  tissu e  (F ig. 3), occurring  above 
all in th e  o rb ita l c a v ity , b u t  also in th e  p e rio cu la r connective tissue and  inside

Fig. 4. T issu lar re ac tio n  a ro u n d  a cercaria  estab lished  in  th e  o cu lar cav ity  of th e  g rasscarp . 
a, C ercaria in  th e  v itre o u s  b o d y ; b , haem orrhages in  th e  v itre o u s  body ; c, tran sfix ed  cercaria  
in th e  re tin a ; d , cercaria  su rro u n d ed  by  pro life ra tive  tissue  in th e  chorioid. H aem a to x y lin

an d  eosin s ta in , X ab o u t 60

th e  eyeball. G ran u la tio n  was m ost freq u en tly  seen a ro u n d  th e  la rv ae  localizing 
in  th e  chorio id  b o d y , b u t  i t  also occurred  in th e  re tin a  and  v itreous bo d y  
(F ig. 4). No such tis su la r  reac tion  was seen a ro u n d  la rv ae  m ig ra ting  in  o th e r  
body  regions, e.g. in  th e  h e a r t (Fig. 5) and  skull a rea  (Fig. 6). In  ad d itio n  to  
tissu la r reac tio n s, th e re  were ex tensive haem o rrh ag es in  th e  eye cham ber, 
v itreo u s body , chorio id  and  cerebral m eninx  (F ig . 7).
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F ig . 5. H e a rt  of g rasscarp  in  lo n g itu d in a l section . N ote  th e  cross-section of cercaria  be tw een
auricle an d  ven tricle

F ig. 6. Skull a rea  o f g rasscarp . N ote  th e  p e n e tra tin g  cercaria  u n d e r th e  ep ithe lium
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F ig . 7. Haemorrhages in the meninx of a grasscarp

D iscussion

I t  was rep o rted  earlier (S zakolczai and  Mo l n á r , 1966) th a t  in  H u n g ary , 
th e  herb ivorous fishes were m u ch  m ore ex tensive ly  in fested  w ith  D iplostom um  
spathaceum  m etacercariae  th a n  th e  com m on carp  an d  th a t  5 —8 cm long, 
one-sum m er g rasscarps w ere n o t  in freq u en tly  found  to  h a rb o u r  200— 300 
m etacercariae  in  th e  ocular lens. T he dam ages o f m etacercaria-d ip lostom osis 
could no t he e s tim a ted  because  D iplostom um  in fe s ta tio n  is so fre q u e n t am ong 
g rasscarps t h a t  no a p p ro p ria te  con tro ls  w ere av ailab le . T hus we w ere unab le  
to  clarify  th e  re la tionsh ip  o f th e  g row th  re ta rd a tio n  described  b y  U s p e n s k a y a  
(1957), M i n d e l  (1963) and  S h i g i n  (1971) w ith  th e  d ip lostom osis-associa ted  
len ticu la r c a ta ra c t, because th is  w as p resen t in  p rac tica lly  all g rasscarps.

As in  th e  o u tb reak  s tu d ie d , o th e r parasito ses  and  a d ie ta ry  fa ilu re  could 
be excluded , i t  seems ce rta in  t h a t  i t  was due to  a ce rcaria-d ip lostom osis, viz., 
th e  losses w ere caused b y  m ig ra tin g  D iplostom um  spathaceum  la rv ae . The 
fa ta l ou tcom e depended  on th e  n u m b er of la rv ae  estab lish in g  them selves in , 
an d  m ig ra tin g  in , th e  body  o f th e  h o st: 20— 25 sessile an d  10—-15 m ig ra ting  
d ip lostom ulum  stages killed th e  1.7— 2.5 cm long young  g rasscarps.

The le th a l changes a lre a d y  develop d u rin g  m ig ra tio n  an d  th e  larvae  
estab lish ing  them selves in  th e  lens do n o t seem  to  p lay  a decisive role. This is 
in  good accordance  w ith  th e  o b se rv a tio n  th a t  in  a sim ilar o u tb re a k  am ong
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com m on carps in th e  p rev io u s  y ea r th e  hosts did no t show  eye sy m p to m s and 
h a rb o u red  only 1— 2 p a ra s ite s , if  any , in th e  lens, b u t  m ig ra tin g  D iplostom um  
la rv a e  were alw ays p re se n t in  th e ir  body . In  hosts show ing com pulsive m ove­
m en ts , the  m ig ra tin g  s tag es  w ere ch iefly  found in  th e  b ra in  and  sp inal cord.

In  the  o u tb re a k  s tu d ie d , th e  grasscarps show ed th e  ch a rac te ris tic  sy m p ­
to m s of ce rcaria -d ip lostom osis, corresponding  essen tia lly  w ith  those described  
b y  P e t r u s h e v s k iy  an d  B a u e r  (1953) .

We do no t agree w ith  M u s s e l iu s  (1967) who e s tab lish ed  th a t  th e  grass- 
c a rp  is less suscep tib le  to  D iplostom um  in festa tio n  th a n  th e  silver or m arm or 
carp s . The a p p a re n t c o n tra d ic tio n  can p ro b ab ly  be asc rib ed  to  th e  d issim ilar 
w a te r  levels of fin g e rlin g  ponds in th e  U SSR  and  H u n g a ry . In  th is  co u n try , 
th e y  are generally  shallow , n o t allow ing for th e  sep a ra tio n  of th e  b io to p es of 
g rasscarp , silver ca rp  a n d  m arm o r carps, w hence th e  chances o f cercaria- 
in festa tio n  are eq u a l fo r all th e  th ree  species. My own experience is th a t  w hen  
g rasscarp  and silver ca rp  fry  o f th e  sam e age and  size w ere rea red  to g e th e r  in 
one and the  sam e fin g e rlin g  pond , th e  form er p roved  to  be m ore suscep tib le  
to  m igrating  la rv ae .

The severe o u tb re a k  of d ip lostom osis w hich in v o lv ed  th e  en tire  g rass­
carp  popu lation  o f th e  fingerling  pond can be reg a rd ed  as a w arn in g  th a t  
ce rcaria -in festa tion  m a y  be m ore freq u en t th a n  in fe rred  from  rep o rted  cases. 
U nexplicable “ d isa p p e a ra n ce s”  of fry  from  th e  p o n d  m ay  n o t in freq u en tly  
h av e  been due to  th is  d isease.

The resu lts  o f h isto lo g ica l exam inations co rresp o n d  w ith  th e  find ings 
o f  E rasmus (1959) an d  suggest th a t  cercariae  can p e n e tra te  th e  bo d y  o f th e  
h o s t a t  several s ites. T h e  occurrence of m ig ra tin g  cerca riae  in  d iffe ren t tissues 
o f th e  body also su p p o rts  E r a s m u s ’s opinion th a t  th e  b lood  s tream  plays 
l i t t le  role in la rv a l m ig ra tio n  to w ard s th e  eye.

The ro u te  of th e  cercariae  is m arked  by  ex ten siv e  haem orrhages, above 
a ll in  the  rich ly  v ascu la rized  areas, such as th e  ce reb ra l m eninges an d  o rb ita l 
c av ity . D eath  occurs w hen  th e  cercariae , being re la tiv e ly  large com pared  to  th e  
dim ensions of th e  h o s t, in ju re  v ita lly  im p o rta n t o rgans b y  causing  haem orrhage  
o r otherw ise. In  th is  re sp e c t th e  m eningeal haem o rrh ag es are m ore deleterious 
th a n  even th e  sev eres t o cu la r lesions.

A fa ta l ou tcom e o f d ip lostom osis seems to  occur w hen  a very  y o ung  host 
w hich had  no t p rev io u sly  been  infec ted  is heav ily  in v a d e d  by  cercariae .

The spaw ning  o f  herb iv o ro u s fishes requ ires a re la tiv e ly  h igh  te m p e ra ­
tu re  and thus tak es  p lace  la te  in  th e  season. C o nsequen tly , th e  rea rin g  o f  th e  
fry  coincides w ith  th e  ap p earan ce  of th e  fac to rs m ed ia tin g  p a ra s ite  invasion , 
viz ., snails and  y o u n g  b ird s . E xposu re  to  D iplostom um  in fe s ta tio n  is th ere fo re  
g rea te r in the  case o f h erb iv o ro u s fishes th a n  for o th e r  cu ltu red  fishes.

I t  was show n h isto log ica lly  th a t  p a r t  o f th e  p e n e tra tin g  p a ra s ite s  elicit 
a special reac tio n , ch a rac te rized  b y  tissue p ro life ra tio n . P ro life ra tiv e  tissue
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w as u su a lly  found w ith in  th e eyeb a ll or in its  im m ed iate su rroun din gs. I t  is 
rem ark able th a t th e  len s, th e site o f  preference, show ed  o n ly  s lig h t lesion s: 
p ro liferation  o f th e len ticu lar ep ith e liu m  w as on ly  seen at th e  s ites  o f  p en etra­
t io n , as already ob served  b y  Ma w d e s l e y -T homas (1972).

T he direct causes of tissue p ro life ra tio n  are no t y e t fu lly  u n d ersto o d . 
I t  m ig h t rep resen t th e  p ro tec tiv e  m ech an ism  of the  h ost or, as suggested  b y  
E r a sm u s  (1959), sim jtly  th e  e n cap su la tio n  of cercariae h av in g  lo s t v iab ility  
d u rin g  m igration . T h ird ly , it  m ay be a tissu la r  reac tion  to  th e  d irec t m ech an ­
ica l effect of th e  e stab lished  stages o r to  th e  chem ical effect o f th e ir  m etabolic  
an d  o th e r p roducts.

Sum m ary

In fe s ta tio n  by  cercariae  of D iplostom um  spathaceum  k illed 90%  o f th e  3-week-old, 
1 .7— 2.5 cm  long grasscarp  (Ctenopharyngodon idella)  f ry  reared  in  a  fin g erlin g  pond . The 
sev ere ly  diseased hosts h a rb o u re d  on th e  a v e ra g e  20— 25 larvae in  th e  o cu la r lens an d  10— 15 
m ig ra tin g  stages in o th e r p a r ts  of the  body .

C ercarial m ig ra tio n  caused  h aem o rrh ag es , visible even  ex te rn a lly .
M ost cercariae w hich  estab lished  th em se lv es  in  th e  eye or th e  a d ja c e n t areas were 

su rro u n d e d  by p ro liferative  tissue.
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In fo rm atio n  is scan ty  on th e  haem ogram  of th e  buffalo  an d , especially , 
on th a t  of th e  cam el, even in  th e  fu n d a m e n ta l tex tb o o k s. The av a ilab le  d a ta  
are  incom plete , som etim es even co n tro v ersia l, w ith  little  ex p e rim en ta l b a c k ­
g ro u n d . This can on th e  one h an d  be ascribed  to  th e  fa c t th a t  la rge  herds of 
th e se  anim als are chiefly  k e p t in  develop ing  countries in  w hich  th e  m ain  v e t ­
e rin a ry  concern is s till th e  con tro l o f in fectious and p a ra s itic  d iseases, on th e  
o th e r  h an d  to  th e  d ifficu lty  of o b ta in in g  b lood  sam ples from  th ese  an im als.

A b rie f  su rv ey  of th e  availab le  haem ato lo g ica l d a ta  of th e  tw o species is fo rthcom ing . 
H a fe z  an d  An w a r  (1954) gave th e  average e ry th ro c y te  and  leucocyte  c o u n ts  o f th e  buffalo  
as 6.8 m illion  an d  6.7 th o u san d , resp ec tiv e ly , i ts  haem oglobin  level as 13%  a n d  its  h a em a to c rit 
v a lu e  as 4 4 .3% . The d ifferen tia l c o u n t w as 51%  ly m phocy tes , 8%  m onocy tes (? ), 36.0%  
n e u tro p h ils , 5%  eosinophils an d  1%  basoph ils . E ry th ro c y te  sed im en ta tio n  r a te  (E S R ) w as 
2— 8 m m /h r according to  H a fez  and  An w a r  a n d  55— 60 m m /h r according to  P u ru sh o th a m  
a n d  Ma h e n d a r  (1963). D avid  L. Co f f in  (1957) de te rm in ed  th e  e ry th ro c y te  co u n t o f th e  
bu ffa lo  as 5.4— 7.4 m illion  and  th e  average haem oglobin  c o n ten t as 11.8 g % .

T he haem o g ram  of th e  cam el w as s tu d ied  by  So n i and  A ggarwala  (1958) an d  B a n e r - 
j e e  et al. (1962), who give th e  average va lues o f e ry th ro cy te  co u n t as 8.2 a n d  7.24 m illion, 
leu co cy te  co u n t as 20,100 an d  18,100, h aem oglob in  as 15.5 and  13.1% , re sp ec tiv e ly , a n d  th e  
h a e m a to c rit  value  un ifo rm ly  as 27% . A s to  tb e  d ifferen tia l coun t, So n i a n d  A ggarw ala  
reg a rd ed  th e  ly m p h o cy tes  (46% ), B a n e r je e  et al. th e  neu tro p h ils  (50 .6% ) as th e  m a jo r com ­
p o n en t.

W ir t h  (1931) found  on th e  average 9.3 m illion e ry th ro cy te s , 10,150 leucocy tes an d  
11.83 %  haem oglobin , an d  described th e  d iffe ren tia l coun t as 55%  ly m p h o cy tes  (? ), 6%  
m onocy tes, 35%  neu tro p h ils , 2 .5%  eosinophils an d  0 .5%  basophils. The d iam e te rs  o f th e  
e llip tic  red  blood cells were d e term ined  b y  W ir t h  as 7 .3 5 x 4  /u n , by  D avid  L. Co f f in  (1957) 
a n d  К о н ы  (1963) as 7.5 X 4.2 p m .  B a n e r je e  et al. found  an  E S R  of 1 m m /h r. an d  B hatt  
an d  К о н ы  (1959) fo u n d  only a few m m  a fte r  7 hrs.

Materials and Methods

Blood sam ples w ere ta k e n  from  20 h e a lth y  and  8 d iseased a d u lt bu ffa loes, 
from  12 h ea lth y  an d  7 diseased y o ung  (1— 11 m on ths old) buffaloes an d  from  
35 cam els sen t to  th e  a b a tto ir  for s lau g h te r. The sam ples w ere w ith d raw n

* T his paper was prepared  while th e  a u th o r  was serving on a p ro jec t o f th e  G ov ern ­
m en t o f I ra q , fin anced  by  th e  U n ited  N a tio n s D evelopm en t P rogram m e a n d  ex ecu ted  by  
th e  F ood  an d  A gricu ltu re  O rganiza tion  o f th e  U n ited  N ations.
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from  th e  ju g u la r v e in , from  th e  cam els u su a lly  d u rin g  exsangu ination . E D T A  
w as added to  each sam p le  to  p rev en t c lo ttin g  and  th e  sam ples were t r a n s ­
p o rte d  to  th e  la b o ra to ry  in  p lastic  coolers for im m ed ia te  processing.

E ry th ro c y te  an d  leucocy te  counts w ere d e te rm in ed  in  N eu b au er’s haerno- 
cy to m ete r, a fte r an  a p p ro p ria te  d ilu tion . The h a e m a to c rit value was d e te r ­
m ined  by  m eans o f H aw sk ley ’s m ic ro -h aem ato crit cen trifuge .

H aem oglobin  w as de te rm ined  in S pencer’s haem oglob inom eter. Sm ears 
p repared  a t sam p lin g  o r im m ed ia te ly  a fte rw ard s  w ere sta in ed  accord ing  to  
th e  techn ique o f G iem sa or L eishm an, an d  100 cells were counted  on each 
slide for ev a lu a tio n .

E SR  was d e te rm in e d  according to  W este rg reen , using  d ilu tions o f 1 : 4 
in  a 3 .8%  N a -c itra te  so lu tio n . I t  was read  a t  15, 30, 60 and 120 m in and  a t  
24 hrs w ith  buffalo  b lo o d  and  a t  1, 2 ,2 4 ,4 8 , 72 h rs , occasionally  also a t 96 h rs, 
w ith  th e  slowly sed im en tin g  cam el b lood. E ry th ro c y te  d im ensions w ere de­
te rm in ed  b y  m eans o f an  ocular m icrom eter.

Results and Conclusions

The lim it a n d  av erag e  values for h e a lth y  buffaloes and  in d iv idua l d a ta  
o f  diseased young  an d  a d u lt buffaloes are  show n in T ab le  I ,  ex trem e an d  av e r­
age values for cam els in  T able I I .

E ry th ro c y te  co u n ts  ranged from  4.1 to  6.7 m illion //il (average: 5.8 m illion) 
in  h ea lth y  a d u lt bu ffa loes and from  4.2 to  8.4 m illion (average: 6.5 m illion) 
in  h ea lth y  y o ung  ones. T hus the  young  an im als h ad  s ligh tly  m ore red  b lood 
cells th a n  th e  o lder ones, b u t th e  average values for b o th  were sligh tly  less 
th a n  th e  6.8 m illion  re p o rte d  by  H afez  an d  A n w a r  (1954). D iseased buffaloes, 
e ith e r  young (5.5 m illion) or ad u lt (4.5 m illion), h ad  low er average e ry th ro ­
c y te  counts th a n  th e  h e a lth y  ones.

Mean leu co cy te  coun ts did no t n o ta b ly  d iffer betw een  h ea lth y  young  
an d  ad u lt an im als. T hese  values sligh tly  exceeded th e  average count of 6,700 
given b y  H a fe z  a n d  A n w a r  (1954). In  y o ung  an d  a d u lt buffaloes d iseased  
in  d ifferen t co n d itio n s , th e  m ean leucocy te  co u n t rose by  ab o u t 50%  above 
th e  norm al level (12,400 and  11,700, respec tive ly ).

The h aem og lob in  level of blood from  h e a lth y  a d u lt an im als ran g ed  b e ­
tw een  10.5 and  1 4 .5 % , those  of buffalo  calves from  10.7 to  14.6% , averag ing  
12.3 and 12.8% , resp ec tiv e ly .

The h a e m a to c r it  values ranged  from  28 to  38 and  27 to  40%  on th e  
average . H afez  a n d  A n w a r  (1954) es tab lish ed  th e  m ean  haem oglobin  level for 
20 buffaloes as 1 3 % , th e  h aem a to c rit v a lue  as 4 4 .3 % . D a v id  L. Co ffin  (1957) 
dete rm in ed  th e  h aem og lob in  value as 11.8% .

The haem o g lo b in  and  h aem a to c rit va lues of d iseased buffaloes were only  
s ligh tly  below th e  n o rm al.
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T ab le  I

H aem ogram s for h e a lth y  an d  diseased  bu ffa loes and buffalo  calves

No. Age
of animals Clinical picture

R ed blood 
cells. Count 
million lfx\

Hb
%

H tc
%

W hite blood 
cells. Count 
thousand/jtil

D ifferential count E rythrocyte sedim entation ra te  m m /hour

Lym pho­
cytes

%

Mono­
cytes

%

Neutro­
phils

%

Eosino­
phils

%

Basophils
% 1/4 1/2 1 2 24

20 2 - 9 H ealth y  an im als L im its 4.1 —6.7 1 0 .5 -1 4 .5 2 8 - 3 8 5 .2 0 -1 2 .7 0 4 0 - 6 4 0 - 2 2 8 -5 0 2 - 2 3 0 - 1 1 - 7 1 .5 - 2 7 2 .5 - 6 2 7 - 9 2 1 0 0 -1 3 8
years Average 5.8 12.3 32.4 8.25 50.5 1.0 40.0 8.5 0.3 3.2 8.4 26 60 121

± 1 .0 7 ± 1 ,1 3 ± 3 .1 ± 1 .8 4 ± 5 .6 ± 0 .3 ±7 .4 ± 5 .7 ± 0 .4 8 ± 2 .0 ± 8 .2 4 ± 2 4 ± 2 4 ± 1 2 .7

T rau m atic  re ticu lo -periton itis 4.8 13.4 36 10.7 13 1.0 85 1.0 0 11 29 72 110 135

A naem ia 2.6 9.1 21 6.6 33 1.0 63 3.0 0 10 27 68 — 129

M etritis 5.6 12.1 34 8.1 43 1.0 54 2.0 0 14 40 80 112 135

Squam ous cell carcinom a of eyelid 4.2 13.0 29 10.0 40 2.0 49 9.0 0 40 80 130 138 140

Prolapse  o f th e  u terus 4.8 12.5 33 12.5 41 0.0 58 1.0 0 5 7 56 84 132

Suspicion of p e rito n itis 4.6 12.9 32 13.2 34 0.0 65 1.0 0 10 25 65 100 131
4.5 11.9 30 14.1 19 0.0 80 1.0 0 12 29 70 110 133

R um inal f is tu la 4.9 12.8 34 13.3 24 1.0 74 1.0 0 10 25 50 80 125

8 4 - 1 2 L im its 2 .6 - 5 .6 9 .1 -1 3 .4 2 1 - 3 6 6 .6 -1 4 .1 1 3 - 4 3 0.0 —2.0 4 9 - 8 5 1 .0 - 9 .0 0 5 .5 - 4 0 5 - 4 0 50 — 130 8 0 -1 3 8 1 2 5 -1 4 0
years Average 4.5 12.2 31.1 11.7 31 0.7 66 2.3 0 14 32.7 74 105 133

± 0 .8 7 ± 1 .35 ± 4 .7 ± 3 .3 ± 1 1 .1 ± 0 .5 ±12.7 ± 2 .8 0 ± 1 0 .5 ± 2 1 .1 ± 2 4 .5 ± 1 9 .5 ± 4 .5

12 1 - 7 H ealth y  an im als Lim its 4.2 —8.4 1 0 .7 -1 4 .6 2 7 - 4 0 6 .1 5 -1 1 .4 0 3 8 - 7 2 0.0 - 1.0 2 6 - 5 0 1.0 — 11.0 0 - 1 1 - 6 3 - 1 8 6 - 3 8 1 2 - 5 8 7 6 -1 2 4
y e a rs Average 6.5 12.8 34.1 8.59 57 0.5 39 3.5 0.09 3.2 9.8 19 28.7 101

± 1 .7 6 ±1.31 ± 4 .2 ± 1 .7 1 ± 9 .1 ± 0 .5 ±7 .2 ± 3 .3 ± 0 .0 4 ± 1 .75 ± 5 .8 8 ± 1 2 .3 ± 1 6 .1 ± 2 0 .7

P neum onia 3.5 10.7 26 17.4 26 1.0 70 3.0 0 10 28 70 98 140

E n te ritis 6.3 13.2 34 11.3 42 1.0 54 3.0 0 2 5 11 17 98

K era titis 6.8 14.0 35 10.1 33 1.0 65 1.0 0 2 5 18 38 88

H aem oly tic  icterus 5.7 14.2 36 10.0 42 1.0 56 1.0 0 7 15 33 66 130

Chronic c a ta r rh a l pneum onia 4.7 8.0 38 18.0 38 1.0 59 2.0 0 8 15 40 72 145

E ncep h alitis 6.2 11.6 32 10.3 47 1.0 50 2.0 0 4 9 24 68 120

Lung he lm in thosis 5.2 10.7 30 9.8 47 1.0 44 8.0 0 3 7 20 70 129

7 4 — 11 L im its 3.5 —6.8 8 .0 -1 4 .2 2 6 - 3 8 9 .8 -1 8 .0 2 6 - 4 7 1.0 - 1.0 4 4 - 7 0 1.0 —8.0 0 2 -d O 5 - 2 8 1 1 - 7 0 1 7 - 9 8 8 8 -1 4 5
m o n th s Average 5.5 11.8 31.1 12.4 39 1.0 57 3.0 0 5 12 31 61 121

± 1 .0 ±2.21 ± 3 .8 ± 3 .6 6 ± 7 .7 — ±8.8 ± 2 .4 — ± 3 .1 ± 8 .2 ± 1 9 .8 ± 2 6 .2 ± 2 1 .2

Table II

H aem o g ram s of a d u lt  cam els

No.
of Age of camels

R ed blood cells 
Count 

million//±1

H b
g%

H tc
%

W hite blood cells 
Count

thousand//xl

D ifferential count Erythrocyte sedim entation ra te  mm /h r

Lym phocytes
%

Monocytes
%

Neutrophils
%

Eosinophils
%

Basophils
% 1/2 1 2 48 48 72

35 1 .5 -1 5 L im its 3 .7 5 -8 .1 0 8 .6 -1 4 .4 2 4 - 3 9 7 .8 -3 0 .0 31 — 80 0 - 1 1 8 - 6 6 1 — 20 0 - 2 0 0 - 2 .5 1 - 5 8 - 7 0 1 8 - 9 6 6 0 -1 3 1

years A verage 5.60 11.8 29.7 13.2 49.1 0 . 5 - 45.7 4.7 0.9 0 0.87 1.9 30.2 55.8 92
± 1 .2 3 ± 1 .5 ± 3 .6 ± 4 .5 ± 1 2 .9 ± 0 .5 ± 1 2 .9 ± 4 .3 ± 0 .4 ± 0 .5 6 ± 1 .0 ± 3 .9 ± 3 2 .0 ± 1 9
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On th e  basis of th e  d iffe ren tia l co u n t, buffalo  b lood should  be reg a rd ed  
as s ligh tly  ly m p h o cy tic . The m ean  p ercen tag e  of lym p h o cy tes  w as 50. 5%  in 
ad u lts  an d  57%  in  calves. D iseased buffaloes, b o th  young  and  a d u lt, show ed 
a considerab le  sh ift to  th e  le ft o f th e  d iffe ren tia l co u n t, the  respective  m ean  
percen tages of n eu tro p h ils  hav in g  been  h igher th a n  57 and  66% . T he m ean  
percen tages for eosinophils in h e a lth y  a d u lt and  young  buffaloes w ere 8.5 an d  
3 .5% , respective ly .

U nlike o th e r ru m in an ts , bu ffa loes had  su rp ris in g ly  h igh E S R  even 
no rm ally . V alues dete rm in ed  a t  15, 30, 60, 120 m in an d  a t  24 hrs w ere 3.2, 8.4, 
26, 60 an d  121 m m , respective ly , th e  la t te r  being  p rac tica lly  th e  f in a l va lue . 
The values m easured  a fte r one h o u r w ere considerab ly  h igher th a n  tho se  e s ta b ­
lished b y  H afez  an d  A n w a r  (1954) (2 — 8 m m ), b u t  reached  only  ab o u t one 
h a lf o f th o se  re p o rte d  b y  P u r u sh o t h a m  and  Ma h e n d a r  (1963) (55—60 m m ).

A considerab le  low E S R  w as ch iefly  observed in a d u lt diseased an im als, 
especially  du ring  th e  f irs t tw o h o urs. The m ean  values estab lished  a t  th e  above 
tim e  in te rv a ls  w ere 14, 32.7, 74, 105 an d  133 m m .

E ry th ro c y te  d iam eters ran g ed  from  4 to  6.8 pm  (average: 5.1 pm ).
T he 35 ad u lt cam els had  m ean  e ry th ro c y te  and  leucocy te  coun ts of 5.6 

m illion an d  13,200, re spec tive ly , as ca lcu la ted  for one pi b lood. T he 
m ean haem oglobin  an d  h a e in a to c rit va lues were 11.8%  and  29 .7% .

D iffe ren tia l coun ting  show ed on average  49 %  ly m p h o cy tes , 0 .5%  m ono­
cytes, 4 5 .7%  n eu tro p h ils  and  4 .7 %  eosinophils. R asophils were only  seen on 
3 slides. F o u rteen  cam els had  m ore n eu tro p h ils  th a n  ly m p h o cy tes; th e  re s t 
had  a s ligh tly  ly m phocy tic  blood p ic tu re . This accords well w ith  th e  fin d in g  
of S o n i  an d  A ggarw ala  (1958) an d  B a n e r j e e  et al. (1962) th a t  cam el blood 
m ay be s ligh tly  ly m p h o cy tic  or n e u tro p h ilic .

I t  is know n th a t  the  E S R  o f cam els is very  low. P rac tica lly  no sed im en­
ta tio n  occurred  in  th e  W esterg reen  tu b es  w ith in  30 m inu tes. M ean values a fte r  
1, 2, 24, 48, 72 and  96 hours w ere 0.87, 1.9, 30.2, 55.8, 92 and  109 m m . Sedi­
m e n ta tio n  was found  to  he d iphasic  (th e  bo rderline  betw een  se ttlin g  e ry th ro ­
cytes and  blood p lasm a was in d efin ite ) in  n ea rly  h a lf  o f th e  cases, w hereas, in 
th e  re st th e  p lasm a an d  red  cells w ere sh a rp ly  dem arca ted .

Sum m ary

T he h aem ato log ica l d a ta  (e ry th ro c y te  co u n t, leucocyte  co u n t, haem oglobin , h aem ato - 
crit, d iffe ren tia l co u n t an d  e ry th ro c y te  se d im e n ta tio n  ra te ; E S R ) of a to ta l  o f 47 a d u lt an d  
young , h e a lth y  and  d iseased  buffaloes a n d  o f 35 a d u lt cam els are described. C om parison 
of th e  re su lts  according to  age group a n d  h e a lth  s ta te  an d  w ith  th e  few lite ra ry  d a ta  availab le  
show ed t h a t  b o th  young  and  a d u lt d iseased  buffaloes h ad  few er e ry th ro c y te s  (5.5 an d  4.5 
m illion /^l, respec tive ly ) th a n  th e ir  h e a lth y  age m ates (6.5 and  5.8 m illion, re sp ec tive ly ), 
b u t th e ir  leucocyte  co u n ts  rose by  a b o u t 50%  (12,400 and  11,700) com pared to  norm al. The 
haem oglobin  and h aem a to c rit values d id  n o t n o tab ly  differ betw een  h e a lth y  an d  diseased 
buffaloes. E S R s of th e  diseased an im als w ere considerab ly  h igher, especially  du rin g  the  f irs t  
tw o hours. M ean red  blood cell d iam e te r  was 5.1 jum.
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Camels h a d  5.6 m illion  e ry th ro c y te s  a n d  13,200 leukocytes/cu . m m  blood; th e ir  haem o ­
g lo b in  and  h a em a to c rit v a lu es were 11.8 g %  a n d  2 9 .9% . T he blood p ic tu re  was e ith e r sligh tly  
ly m p h o cy tic  or s lig h tly  neu troph ilic . T he E S R  w as e x trem e ly  low ; se d im en ta tio n  las ted  72— 96 
h rs  an d  was often  d ip h as ic  from  24 hrs.
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THE GENERAL FEBRILE RESPIRATORY 
FORM OF INFECTIOUS BOVINE 
RHINOTRACHEITIS IN CALVES

B y

A .  B a r t h a , J .  K i s a r y  a n d  S .  B é l á k

In s t i tu te  o f E p izo o to lo g y  and  B acterio logy  (D irec to r: J .  Mészá ro s), U n iv ersity  o f
V eterinary  Science, B u d ap es t

(R eceived M arch  20, 1973)

In fec tio u s bo v in e  rh in o trach e itis  (IB R ) v irus m ay  cause in c a ttle  c lin ­
ically , ep izoo to log ically  and  pa tho log ica lly  d is tin c t form s of disease, w hich  
differ from  one a n o th e r  so m arked ly  th a t  p rio r  to  th e  id en tifica tio n  of th e  co m ­
m on causal a g en t th e y  h ad  been reg a rd ed  as in d ep en d en t conditions.

O ut of th e m  v ira l  v ag in itis  (old te rm : in fec tio u s p u s tu la r  vu lvovag in itis) h a s  b een  
longest kn o w n ; su b seq u e n tly  an  infectious u p p e r  re sp ira to ry  disease o f above 6 m o n th s  o ld  
b eef c a ttle  an d  d a iry  cows, know n earlier as “ red  nose disease”  or “ d u st p n eu m o n ia”  w as 
described  in  1951 a n d  te rm ed  on th e  suggestion  o f M cK e r c h e r  a n d  M oulton  (1957) in fec ­
tio u s bovine rh in o tra c h e itis  (IB R ). The aetio log ical id e n tity  of th e  tw o  p ic tu res was co n firm ed  
b y  Gil l e s p ie  et al. in  1957, an d  since th e n  th e  cau sa l agen t has been term ed  IB R  v iru s  o r 
IB R -IP V  v iru s. Soon a fte rw ard s i t  was d isclosed  th a t  th e  v iru s can  also cause m ass in c i­
dence of a ben ig n  co n ju n c tiv itis , accom panied  b y  no o th e r sy m p to m s, in ca ttle  h e rd s  (A b i- 
n a n ti an d  P l u m m e r , 1961). A ra re  sporad ic  occurrence  of le th a l encep h alitis  am ong less th a n  
5 m o n th s old calves (F r e n c h , 1962) and , o ccasionally , ab o rtio n  o f cows (McK e r c h e r  a n d  
W a d a , 1964), b o th  due  to  IB R  v iru s, were th e n  rep o rte d .

O f th e  fiv e  p ic tu re s  ou tlined  in  th e  foregoing , genuine in fectious rh in o trach e itis  (D om án  
an d  F o d o r , 1961), v ira l  v ag in itis  (Ma n n in g e r  et al., 1962), calf encephalitis  (B a rth a  et a l., 
1969) and  c o n ju n c tiv itis  ( J u hász , 1970) have b een  o bserved  in  H u n g a ry . A bortion  co n firm ed  
b y  v iru s iso la tio n  h as  n o t  been rep o rted . R e ce n tly , how ever, an  IB R  v irus disease, d is t in c t  
from  all m en tio n ed  p ic tu re s , has occurred  w ith  increasing  freq u en cy  in  large c a tt le  h e rd s. 
The disease ch iefly  a ffec ts  rearing  calves a n d  is m an ifes ted  as a febrile  condition  w ith  g e n ­
e ra l sym ptom s. U p  to  now  i t  has caused g re a te r  losses th a n  th e  earlie r know n five p ic tu re s  
o f IB R  v iru s in fec tio n .

This p a p e r  is a re p o rt of o b se rv a tio n s on th e  new  disease, w hich occurs 
in  th e  form  o f ep idem ic-like o u tb reak s  a n d  causes g rea t losses in  la rge-scale  
ca lf herds.

Clinical observations

a) In  a co -o p era tiv e  farm  calves o rig in a tin g  from  a dairy  herd  o f 220 
cows h ad  been  re a re d  in iso lation  u n til 10 days of age, a f te r  w hich th e y  w ere 
tra n sfe rre d  to  th e  rea rin g  house an d  m a in ta in ed  u n d e r good cond itions o f 
m anagem en t. In  M arch, 1968, an  acu te  re sp ira to ry  disease, accom pan ied
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b y  te m p e ra tu re  e lev a tio n  to  40.5— 42 °C se t in firs t in th e  3 -m onth-o ld  age 
g roup  (90 calves), in v o lv in g  all ex cep t th e  less th a n  one-m onth-o ld  an im als  
w ith in  2 w eeks.

E ig h ty  p e r c en t o f th e  1— 6 m o n th -o ld  calves becam e clinically  ill, th e  
rem ain in g  20 %  show ed  no sym ptom s. B esides fever, th e  in itia l sy m p to m s 
w ere listlessness, in ap p e ten ce , serous n a sa l d ischarge, redden ing  of th e  nose 
a n d  m uzzle; som e an im als  also show ed fo a m y  sa liva tion  an d  a m ild d ia rrh o ea . 
N o u lcera tio n  o ccu rred  in  th e  n asa l c a v ity  and  m ou th . T he b re a th in g  w as 
qu ick  and d ifficu lt a n d , th e re  was, ch iefly  on m ovem ent, a pa in fu l, d ry  cough. 
A fte r  3— 4 day s th e  te m p e ra tu re  n o rm alized , resp ira to ry  sym ptom s ceased , 
th e  m uzzle ep ith e liu m  becam e detached  in  th e  form  of a p a rch m en t-lik e  shee t, 
b u t  dyspnoea an d  d ry  cough persisted  in  ab o u t one th ird  o f th e  an im als. In  
th e se  cases th e  serous n asa l discharge b ecam e  f irs t m ucinous, th en  p u ru le n t, 
th e  dyspnoea d ev e lo p ed  m ore severe and  th e  m a jo rity  of th e  an im als died  w ith , 
o r h ad  to  be em erg en cy -s lau g h te red  fo r, sy m ptom s of a c a ta rrh a l-p u ru le n t 
p n eum on ia  w ith in  1— 4 weeks. No losses occurred  during  th e  in itia l acu te  
feb rile  course, an d  o n ly  a single ca lf h ad  to  be em ergency-slaugh tered . In  th e  
ad v an ced  stage , h ow ever, 19 calves w ere lo st because of th e  c a ta rrh a l-p u ru le n t 
p n eum on ia . T he ca lf  em erg en cy -s lau g h te red  in the  acu te  stage  show ed a t 
p o s t m ortem  e x a m in a tio n  a severe p u lm o n a ry  em physem a and  h ad  th re e  
in f il tra te d  foci o f th e  size of a w a ln u t in  th e  perib ronch ia l a rea . The b ro n ch i 
co n ta in ed  a red d ish , foam y  ex u d a tio n . T h e  m ucous m em branes of th e  nasa l 
c a v ity  ex h ib ited  even  red d en in g  and  su p e rfic ia l u lcera tions, w hich also oc­
cu rred  on th e  tra c h e a l m ucosa. Calves d ied  in  th e  chronic stage  o f th e  disease 
show ed, a p a r t from  a slig h t p u lm o n ary  em physem a, an ex tensive  c a ta rrh a l-  
p u ru le n t in fla m m a tio n  o f  th e  lungs. U lce ra tio n  of the  u p p er re sp ira to ry  t r a c t  
w as ab sen t even a t  th is  s tage. No gross lesions were found  in  organs o th e r 
th a n  re sp ira to ry .

The tra n sfe r  o f new born  calves to  th e  in fected  rearin g  house w as con­
tin u e d  a fte r th e  o u tb re a k , for lack o f h o u sin g  capacity . T he young an im als 
developed  th e  sy m p to m s of th e  disease 10 20 days after tran sfe r. The disease
d id  n o t spread to  th e  herds of grow ing c a tt le  an d  dairy  cows.

To clarify  th e  aetio logy , p a tho log ica l ex u da tions from  diseased an im als 
an d  organs o f carcases or em ergency -slaugh te red  calves w ere su b m itte d  to  
th e  lab o ra to ry  fo r v iru s  iso lation  and  b lood  sam ples were collected for v iru s- 
n e u tra liz a tio n  te s ts .

b) In  a n o th e r  coopera tive  farm , 70 calves orig inating  from  th e  fa rm ’s 
ow n cow herd  and 40 calves procured  from  elsew here were m a in ta in ed  in  th e  
rea rin g  house. Calves h a d  regu larly  been  p u rch ased  from  o th e r farm s also 
ea rlie r, b u t  no n o ta b le  disease occurred  am ong  th e  rea rin g  anim als u n til  
F e b ru a ry , 1968, w hen  one m on th  old calves began to  show  th e  sam e n o n ­
ch a rac te ris tic  genera l re sp ira to ry  sy m p to m s as observed in th e  o th e r fa rm .
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T he disease invo lv ed  all age g roups w ith in  3 weeks, inc lud ing  th e  2— 3 weeks 
old calves and la te r  4 — 5 days a f te r  tra n sfe r  to  th e  rearing  house, even th e  y o ung­
es t anim als becam e ill. The sy m p to m s w ere m ost severe am ong  th e  less th a n  
2 m on ths old calves, b u t  on ly  one of th em  died  during  th e  acu te  stage. T he 
m a jo rity  of th e  calves developed  a c a ta rrh a l-p u ru le n t p n eu m o n ia  a fte r th e  
acu te  stage and  losses from  d e a th  or em ergency  slaugh te r am o u n ted  to  21% . 
F a rm  calves an d  p u rch ased  calves w ere equ a lly  affected . T he disease did n o t 
sp read  to  th e  h erd s  of grow ing c a ttle  and  d a iry  cows.

c)  The c a ttle  h e rd  of a th ird  coopera tive  farm  consisted  of 300 cows 
re a re d  in th e  fa rm  an d  th e ir  o ffspring , and  80 p reg n an t heifers w ere pu rchased  
fo r rep len ish m en t. T he la t te r  began  to  show  resp ira to ry  sy m p to m s 3 w eeks 
a f te r  th e ir  e s tab lish m en t w ith  th e  herd . A b o u t h a lf  of th e  p re g n a n t heifers 
developed  te m p e ra tu re  up to  41 °C, severe dyspnoea, serous n asa l d ischarge, 
lac rim a tio n , foam y sa liv a tio n  an d  a freq u en t, non-pain fu l, m o ist cough. The 
disease spread to  th e  cows rea red  in th e  fa rm , causing sy m p to m s in abou t 10%  
o f th e  group. E specia lly  th e  f irs t-p re g n a n t heifers in ad v an ced  s ta te  w ere 
severely  affected : one died and  tw o had  to  he em ergency -slaugh tered . T h e  
o th e r  diseased an im als recovered  com plete ly  in  3 —6 m on ths an d  th ere  was no 
n o ta b le  reduction  in  m ilk  p ro d u c tio n .

P ost m o rte m  ex am in a tio n  of th e  spon taneously  d ied  or em ergency- 
s laugh te red  calves revealed  an  acu te  ex tensive  p u lm onary  em physem a an d  
m an y  p etech ia l h aem o rrh ag es on th e  trach ea l m ucosa. No u lcera tio n s or e ro ­
sions were found  e ith e r  on th e  p u rp le -red  m ucosa of the  nasa l c av ity  or on th e  
tra c h e a l m ucosa. No signs of in flam m atio n  w ere found in th e  lungs.

Two weeks a f te r  th e  o u tb re a k  h ad  ceased am ong th e  p reg n an t heifers 
a n d  cows, th e  re sp ira to ry  disease reap p ea red  am ong fa tte n e r  bu lls and  rea rin g  
calves. N ine ty  o f th e  100 fa tte n e rs  developed  an  essen tially  ben ign  re sp ira to ry  
d isease, w ith  n o n -c h a ra c te ris tic  general sy m ptom s, such as te m p e ra tu re  rise 
to  41— 41.5 °C, d ifficu lt b re a th in g , serous nasa l discharge, lac rim a tio n  a n d , 
occasionally , foam y  sa liv a tio n  an d  a freq u en t pa infu l, d ry  cough. Only a single 
fa tte n e r  bull h ad  to  be em ergency -s laugh te red  for severe illness, th e  re s t re ­
covered  w ith in  one w eek. T here  was no pneum onial com plica tion , b u t th e  
an im als lost considerab le  w eigh t during  th e ir  illness.

The rearing  calves, all o rig in a tin g  from  th e  cow herd  o f  th e  farm , began  
to  show  th e  n o n -ch a rac te ris tic  re sp ira to ry  sym ptom s sim u ltan eo u sly  w ith  th e  
o u tb re a k  in  th e  fa tte n e r  h erd . T he disease w as in every resp ec t sim ilar to  th a t  
observed  in th e  f irs t  tw o fa rm s. The one-m onth-o ld  age g roup  was affected  
f ir s t ,  th en  all age groups becam e involved  w ith in  tw o w eeks. O nly 50%  of th e  
rea rin g  calves show ed sy m p to m s, w hich w ere m ost severe am ong  th e  2 —3 
m o n th s old an im als. No loss occurred  d u rin g  th e  acu te  s tage , b u t  la te r  p n e u ­
m onia  and com plications caused  th e  d ea th  o f 14 calves, sp o n tan eo u sly  or b y  
em ergency s lau g h te r, w ith in  6 weeks.
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Sam ples of e x u d a tio n  from  d iseased  anim als an d  organs from  carcases 
w ere collected fo r v iru s  iso lation  an d  p a ired  serum  sam ples were w ith d raw n  
from  diseased ca lves, f a tte n e r  bulls an d  cows for d e m o n s tra tio n  of v iru s  n e u ­
tra liz in g  an tibod ies.

Virus iso la tions a n d  serological te s ts  u n equ ivoca lly  p roved  th e  re sponsi­
b ility  of IB R  v iru s  fo r th e  o u tb reak s in  all th ree  fa rm s.

Materials and Methods

N asal and  c o n ju n c tiv a l sw abs fro m  diseased an im als  w ere tra n sp o r te d  
to  th e  lab o ra to ry  in  m e ltin g  ice. Specim ens of lung , p u lm o n a ry  ly m p h  node, 
tra c h e a , nasa l m u co sa , tonsil, spleen an d  liver from  carcases were also t r a n s ­
p o rte d  under cooling . A ll te s t  m a te ria ls  w ere processed w ith in  24 hours.

The swabs w ere soaked  and  p ressed  in  2— 3 m l H a n k s ’ or PB S so lu tion , 
th e  organ specim ens w ere hom ogenized b y  grind ing  a f te r  add ition  of te n  vo l­
um es of H an k s’ so lu tio n  con ta in ing  penicillin  and  s tre p to m y c in . T he organ  
hom ogenates w ere cen trifu g ed  tw ice fo r 15 m inu tes a t  3000 r.p .m ., an d  0.1 ml 
am o u n ts  of each s u p e rn a ta n t  w ere in o cu la ted  in to  4 ca lf  k idney  an d  4 ca lf 
te s tic le  cell c u ltu re s .T h e  cell cu ltu res w ere p rep ared  b y  th e  techn ique  em ployed  
in  our in s titu te , u s in g  H an k s’ so lu tio n  as m a in ten an ce  m edium  con ta in in g
0 .5 %  lac ta lbum in  h y d ro ly sa te . T he in o cu la ted  cu ltu re s  were in cu b a ted  for 
one week a t 37 °C, th e  cy to p a th ic  changes occurring  in  th e  m ean tim e w ere 
follow ed up da ily  b y  low -pow er m icroscopic ex am in a tio n . E ach  cu ltu re  was 
carried  th ro u g h  5— 10 b lin d  passages, se t up  a t  one-w eek in te rva ls . I f  c y to ­
p a th ic  effect (C PE ) h as  appeared , th e  passage  was p erfo rm ed  im m ed ia te ly .

The CPE w as s tu d ie d  in  g rea te r d e ta il in  cu ltu res s ta in ed  w ith  h aem alau n  
an d  eosin. The iso la te  w as iden tified  b y  n e u tra liza tio n  te s t ,  using ra b b it  a n t i ­
sera  and 100 T C ID 50 v iru s .

Results

Only 9 v iru s s tra in s  were iso la ted  from  138 sam ples o rig inating  from  ca ttle  
show ing the  re s p ira to ry  sym ptom s. A ll th e  iso lates w ere ob ta ined  from  acu te  
cases; no v irus could  be iso la ted  from  an im als w ith  p n eu m o n ia . Iso la tions were 
also negative from  cows (Table I).

Four iso lates developed  th e  specific  CPE a lread y  in  th e  f irs t passage, 
th e  o ther five iso la tes  in  th e  second passage. S yncy tiu m  fo rm ation , g ran u la tio n  
an d  condensation  o f  ch ro m a tin  along th e  n uclear m em b ran e  and  Cow dry ty p e  
A nuclear inclusions ap p ea red  in  th e  f ir s t  passage 3—4 d ay s , in  fu rth e r  passages 
a f te r  1— 2 days, a f te r  inocu la tio n . T he iso la te  proved  to  be ch loroform -sensitive. 
On th e  basis o f th e se  p ro p ertie s , th e  iso la tes seem ed to  belong to  th e  H erpes­
virus  group. T his w as confirm ed b y  th e  su b seq u en t serological te s ts , viz., 
exclusively  th e  an tib o d ie s  to  IB R  v irus could neu tra lize  th e  isolates (Table I I ) .

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



THE GENERAL FE BR IL E RESPIRATORY FORM 81

Table I

Iso lation  of IB R  v iru s  from  te s t m ate ria l

N asal
discharge

Conjunc­
tiva l

discharge
Stool Lung

Nasal
mucosa Tonsil

Spleen
< + 

liver

Calves in acu te  stage 18/4* 15/1 4/0 3/1 3/0 3/2 3/0

Calves w ith  pneum onia 15/0 15/0 0 8/0 8/0 5/0 3/0

Growing ca ttle  in  acu te  stage 6/1 5/0 0 1/0 1/0 1/0 1/0

Cows in  acu te  stage 10/0 5/0 0 2/0 1/0 0 2/0

* T he n u m e ra to r  show s th e  nu m b er o f  te s t  m a te ria ls , th e  d e n o m in a to r th a t  o f p o sitiv e  
v iru s iso lations

Table II

Id e n tif ica tio n  of three  iso la tes b y  v iru s n eu tra liza tio n  tes t

Antiserum  titres

Virus strain
IB R  virus

Aujeszky’s
disease
virus

Bovine adeno­
virus

Rhinopneumoni- 
tis  virus

IB R  s tra in  N u/67 1 : 64 0 0 0

Iso la te  BU/68 1 : 32 0 0 0

Iso la te  B O l/68 1 : 32 0 0 0

Iso la te  HO/68 1 : 64 0 0 0

A ujeszky’s disease v iru s s tra in  
Igar/59 0 1 : 128 0 0

Bovine adenovirus s tra in  TH T/62 0 0 1 : 128 0

E x a m in a tio n  o f pa ired  sera o f c a t t le  from  th e  in fec ted  herds rev ea led  
th e  p resence o f v iru s-n eu tra liz in g  a n tib o d ie s  to  IB R  v iru s  in  th e  second b lood  
sam ple. W hile such antibodies w ere in v a r ia b ly  p resen t in  second blood sa m ­
ples from  cows an d  fa tte n e r  bulls, th e y  w ere ab sen t from  a b o u t one th ird  of 
convalescen t ca lf  sera . The calves h a d  considerab ly  low er a n tib o d y  t i t r e s  
(1 : 2— 1 : 16) th a n  th e  ad u lt c a ttle  (1 : 4 — 1 : 256). A ntibod ies were also fo u n d  
in  th e  sera o f som e sym ptom less a n im a ls . T he paired  sera  w ere also exam ined  
for th e  presence o f an tibod ies to  bov ine  v iru s  d iarrhoea  (BVD) v iru s an d  a d en o ­
v iruses. I f  such an tibod ies were found  a t  a ll, t i tre  rises d id  n o t occur.

F ro m  th e  lungs of sp o n taneously  d ied , o r em ergency-slaugh tered  an im als , 
co ry n eb ac te ria  an d  strep tococci w ere iso la ted .

D iscussion

In  H u n g a ry , th e  m ass incidence o f  a febrile  re sp ira to ry  disease w ith  n o n ­
ch a rac te ris tic  sy m p to m s, b u t obv iously  o f  an  infectious n a tu re , has re c e n tly  
been observed  in  num erous large c a t t le  h e rd s . The disease ch iefly  affected  th e
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1— 6 m onths old re a r in g  calves and  seldom  occurred  am ong  grow ing c a ttle  
or d a iry  cows. A b o u t 50— 80%  of th e  c a lf  h e rd  developed acu te  sy m p to m s 
(41— 42 °C bo d y  te m p e ra tu re , listlessness, serous nasa l d ischarge, foam y sa l­
iv a tio n , red d en in g  o f  th e  m uzzle, d ifficu lt b rea th in g ) w hich  progressed to  
p neum on ia  as co m p lica tio n  in th e  m a jo rity  o f th e  cases. A fa ta l outcom e w as 
q u ite  ra re  d u rin g  th e  acu te  stage, b u t  m ore  th a n  20%  o f th e  calves th a t  h a d  
developed c a ta r rh a l-p u ru le n t pneum on ia  succum bed  or h ad  to  be em ergency  
slau g h te red . T he d isease  took  a benign  course above 6 m o n th s o f age: th e  severe 
a c u te  sym ptom s ra re ly  progressed to  p n eu m o n ia , th u s  losses d id  n o t exceed  
1-—2 % . I t  is re m a rk a b le  th a t  n e ith e r  calves n o r a d u lt c a ttle  show ed th e  u lc e r­
a tions ch a rac te ris tic  o f infectious bov ine  rh in o trach e itis  in  th e  up p er a irw ays 
(nasa l cav ity , t ra c h e a ) .

I t  is know n from  th e  lite ra tu re  an d  our own experience th a t  am ong th e  
diseases caused b y  IB R  v irus th e  in fec tious rh in o trach e itis  of fa tte n e r  c a tt le  
a n d  cows is m an ife s ted  in  th e  form  o f a ch a rac te ris tic  u lce ra tiv e  cond ition  o f 
th e  u p p er re sp ira to ry  t r a c t .  Mass incidence o f a general re sp ira to ry  disease due  
to  IB R  virus w as n o t  prev iously  rep o rted  am ong rearin g  calves. G eneral r e ­
sp ira to ry  sy m p to m s w ith o u t ch a rac te ris tic  change of th e  u p p e r airw ays w ere 
observed  b y  B a k e r  et al. (1960) in  e x p e rim en ta lly  in fec ted  young calves an d  
b y  K r u in in g e n  a n d  W olke (1963) in  a few  in d iv idua ls o f a large ca lf h e rd , 
b u t  these d a ta  d id  n o t a t  f irs t lead us to  th e  suspicion th a t  th e  aetiological a g en t 
o f  th e  o u tb reak s m ig h t be th e  IB R  v iru s .

In itia lly  th e  co n d itio n  was a t t r ib u te d  to  re sp ira to ry  in fection  by  bov ine  
adenoviruses. H o w ev er, we failed to  iso la te  adenov irus, an d  adenov irus a n t i ­
bod ies, w hen fo u n d  a t  all, h ad  equal t i t re s  in  th e  early  an d  convalescen t se ru m  
sam ples. B ovine v ira l  d iarrhoea  could be excluded  on a s im ila r basis.

IB R  v iru s  cou ld  be iso lated  in  cell cu ltu re  from  severa l diseased calves, 
b u t  th e  a tte m p ts  to  iso la te  v irus from  th e  m a jo rity  of acu te ly  diseased calves 
an d  from  cows fa iled . W e canno t offer a n y  e x p lan a tio n  for th e  negative  re su lts . 
I t  w as also re m a rk a b le  th a t  one th ird  of th e  convalescen t calves had  no m e a su r­
ab le  an tibody .

This g enera l re sp ira to ry  form  of IB R  can scarcely be d iffe ren tia ted  from  
o th e r v iral re s p ira to ry  diseases on th e  basis o f sym ptom s. Precise id en tif ic a tio n  
requ ires th e  d e m o n s tra tio n  of a rise in th e  specific n eu tra liz in g  an tib o d ies . 
T he modes o f d iag n o stic  d iffe ren tia tion  w ill be rep o rted  elsew here.

Sum m ary

A febrile d isease  w ith  general re sp ira to ry  sy m p to m s has recen tly  caused severe losses 
in  herds of 1— 6 m o n th s  old rearing  calves a n d  less o ften  am ong grow ing ca ttle  an d  b re ed e r  
cows. Fever up  to  41 — 42 °C, listlessness, in ap p e ten c e , serous n asa l d ischarge and fo am y  sa li­
v a tio n  were th e  m o st com m on  sym ptom s. B re a th in g  was d ifficult and , in freq u en tly , th e re  w as 
a pa infu l, d ry  cough . P a r t  of th e  anim als reco v ered  from  th e  acu te  illness, th e  re m a in d e r  
developed a ch ron ic  c a ta rrh a l-p u ru le n t pn eu m o n ia . T he losses exceeded 2 0% . In  a d u lt an im a ls
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th e  acu te , n o n -c h ara c te ris tic , re sp ira to ry  sy m p to m s to o k  a ben ig n  co arse  and  d id  n o t p ro g ress 
to  pneum onia . F ro m  th e  d iseased calves IB R  v iru s could  be iso la ted  in  tissue  cu ltu re .

The disease is epizootologically  an d  clin ically  d is tin c t from  th e  five  kno w n  p ic tu re s  
(u p p er re sp ira to ry  disease, v ira l v ag in itis , en cep h alitis , c o n ju n c tiv itis , ab o rtio n ) cau sed  b y  
IB R  v iru s, an d  can  th ere fo re  be reg ard ed  as th e  s ix th  disease e n ti ty  due to  th is  agen t.

In  H u n g a ry , th e  s ix th  IB R  v irus disease has caused  m ore losses in  itse lf th a n  th e  o th e r  
p ic tu res  to g e th e r.
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T he th ick  w all o f th e  av ian  p ro v en tricu lu s  (pars g landu laris  v en tricu li) 
consists, like th e  o th e r  p a r ts  of the  a lim e n ta ry  t r a c t ,  of th ree  layers (tun ica  
m ucosa, tu n ic a  m u scu la ris  an d  tu n ica  serosa).

T he specific fu n c tio n a l p a r t  is th e  m ucosa , above all th e  m ucous ep i­
th e liu m . E p ith e lia l tissu e  d ipp ing  in to  th e  u n d e rly in g  p ro p ria  form s th e  c ry p t­
like necks o f th e  so-called  g landulae p ro p ria i o r “ p ro p ria i g lands”  and  th e  
g lan d u la r lobules in  th e  subm ucosa. The la t te r  h a v e  been te rm ed  “ subm ucosal 
g lands” , on th e  basis  o f th e ir  localization .

T he v e n tr ic u la r  lu m en , th e  necks of g landulae  p ro p riae , th e  alveoli o f subm ucosal 
g lan d s an d  th e  ep ith e lia l lin ing  of tu b u la r  o u tle ts  c an  be  d iffe ren tia ted  from  one a n o th e r 
b y  lig h t m icroscopy . E lectron-m icroscope  studies h av e  as y e t only been rep o rted  on su b ­
m ucosal g lands (Se l a n d e r , 1963; T o n e r , 1963, 1971). T he electron-m icroscopic  ex am inations 
rep o rted  in th is  p a p e r cover all ep ith e lia l cell ty p es  o f  th e  m ucous m em brane.

T he p ro v en tricu lu s  o f th e  av ian  em bryo begins to  sep ara te  from  th e  gizzard on th e  
f if th  day  of in cu b a tio n  (D a w son  an d  Mo y e r , 1948; c it .  B ell  and  F r e e m a n , 1971). A c­
cording to  K u o  a n d  Sh e n  (1936; c it. B el l  and  F r e e m a n , 1971), a t  8— 9 days there  a re  
a lread y  in d ica tio n s o f p e ris ta lsis . L u ppa  (1962) an d  T o n e r  (1965) re p o rte d  th a t  secretion  
of g astric  acid  an d  en zym es se t in  a t 11 — 13 and  12— 16 days, respec tive ly , in  connection  
w ith  sw allowing of p ro te in  b y  th e  em bryo . F rom  th e  1 8 th  or 19th d ay  of incu b a tio n , th e  
em bryon ic  p ro v e n tr icu la r  g lands were found  to  be m orpholog ically  iden tica l w ith  those of 
th e  a d u lt b ird  (L u p p a , 1962).

The shape , s tru c tu re  and  localization  of sub m u co sa l g lands were in v estig a ted  by  
Sc h r e in e r  (1900; c it. K ovács 1928), K ovács (1928), Ca lh o u n  (1961), Guzsal (1963) and  
Mic h e l  (1971) a n d  h is to ch em ica l stud ies were re p o rte d  b y  Ch o d n ik  (1947; cit. Bel l  and  
F r e e m a n , 1971), L u pp a  (1962), Mic h e l  (1971), an d  B e l l  an d  F r eem a n  (1971). B r o w n e  
p roposed  a lread y  in 1922 th a t  th e  av ian  p ro v en tricu lu s  is analogous to  th e  m am m alian  
s to m ach , an d  T o ner  (1963) a n d  Se l a n d e r  (1963) su p p o rte d  th is  by  stu d y in g  th e  u ltra s tru c tu re  
o f th e  so-called o x y n tic o p e p tic  cells o f b irds, cells p ro d u c in g  b o th  gastric  acid  and  enzym es.

Materials and Methods

H ea lth y , a d u lt W h ite  L eghorn and  L ohm an  h y b rid  chickens (75%  ro o s t­
ers, 25%  layers) w ere used . Specim ens for e lec tron-m icroscopy  were fix ed  
in  a 2 .5%  g lu ta ra ld e h y d e  so lu tion  and , su b seq u en tly , in  M illonig’s 1%  0 s 0 4 
so lu tion  for 90 m in u te s . A fte r d eh y d ra tio n  in  s tep -g rad ed  e th an o l, th e  speci­
m ens w ere em bedded  in  D u rcu p an  ACM an d  c u t in to  sections in  a R eichert
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O m U 2 u ltra -m ic ro to m e . S em i-th in  sec tions were s ta in ed  w ith  1%  to lu id in e  
b lu e , u ltra - th in  sections were c o u n te rs ta in e d  w ith  u ra n y l a c e ta te  a n d  lead 
c itra te . The e lectron  m icrographs w ere p rep ared  in th e  D e p a rtm e n t o f  P a th o ­
logical A n a to m y , U n iv e rsity  of V e te r in a ry  Science, B u d ap est, using  a T E S L A  
BS 613 ty p e  e lec tron  m icroscope.

R esu lts

The ta ll co lu m n ar cells of th e  m ucous ep ithe lium  b ea r re la tiv e ly  few, 
sh o rt m icrovilli (F ig. 5). The cy to p lasm ic  processes o f th e  la t te r  a re  covered 
h y  th e  cell m em b ran e , associating  a t th e  surface w ith  a delicate filam en to u s  
lay e r, th e  m ucopo lysaccharide  c o a t, corresponding  to  one form  o f th e  glyco- 
ca lyx . T he la te ra l cell m em branes h av e  ap ically  sm oo th  con tou rs, b u t  ex ten d  
m a n y  cy top lasm ic  processes a t  th e  b a sa l p a r t ,  th u s  increasing  th e  ce ll surface 
(F ig . 6). T he neighb o u rin g  cells are lin k ed  ap ically  w ith  a te rm in a l b a r , followed 
h y  desm osom es, com m on m em b ran eo u s appositions an d  wide in te rce llu la r  
spaces (Figs 7— 8). In v ag in a tio n s  o f  th e  cell m em brane a t  th e  b asa l p a r t  p a r ­
titio n  th e  cy to p lasm  in th a t  region. T h ere  is d is tin c tiv e  b asem en t m em brane  
b e n e a th  th e  ep ith e lia l cells. M ucin g ranu les of irreg u la r shape an d  va riab le  
e lec tro n  d en sity  localize in  th e  su p ra n u c le a r  region o f th e  elec tron -dense  cy to ­
p lasm . E ach  g ran u le  is su rro u n d ed  b y  a lim iting  m em brane . Some o f th e  g ran ­
ules are asso c ia ted  w ith  th e  cell m em b ran e , o thers are p a te n t to w ard s  th e  
lu m in a l side, h av in g  obviously  em p tied  th e  con ten ts in to  th e  lum en (F igs 7 — 8). 
T h e  m ito ch o n d ria  have  diverse shap es an d  the  h u lk  o f th em  localizes in  the  
su p ran u c lea r  zone. T he w ell-developed  G o lg i-appara tus is localized su p ra - and 
p a ra n u c le a rly . A p a rt from  free ribosom es, a d is tin c tiv e  coarse endoplasm ic 
re ticu lu m  is seen in th e  p e rin u c le a r  zone of th e  cy top lasm . The elongated  
nucleus is basa lly  p laced and  c o n ta in s  a m edium  am o u n t of ch ro m a tin . The 
c h ro m a tin  p a t te rn  varies w ith  th e  f ix a tio n  techn ique, h u t  ch ro m atin  usually  
aggregates n ea rb y  th e  nuclear m em b ran e . T here is a p ro m in en t nucleo lus
(F ig . 6).

T he cells o f th e  g landulae p ro p ria e  are som ew hat less ta l l  th a n  th e  su p e r­
fic ia l m ucin -p roducing  cells, h u t  do n o t  n o tab ly  differ in  s tru c tu re  from  the  
la t te r .

The lin ing  ep ithe lium  of th e  subm ucosal g land  o u tle t consists o f ta ll  
co lu m n ar cells (F ig. 2). The apical p a r ts  o f the  cells are sligh tly  b u lg ing  into 
th e  tu b u la r  lum en  an d  only v e ry  few' cy top lasm ic processes e x te n d  from  
th e  cell surface. The cells are  lin k ed  b asa lly  b y  a te rm in a l b a r, la te ra lly  by 
in tr ic a te  in te rd ig ita tio n s ; in p laces in te rce llu la r  space an d  desm osom es are  seen 
betw een  n e ig h b o u rin g  cells (F ig. 9). T he cy toplasm ic m em brane form s creases 
and  folds a t  th e  cell base. A d is tin c tiv e  b asem en t m em brane  sep a ra te s  the  
ep ith e liu m  from  th e  connective tissu e  (F ig . 10). Collapsed tu b u les  a n d  vesicles
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F ig. 1. P ro v e n tric u la r  lin ing  and  c ry p t ep i­
th e liu m . Sem i-th in  sec tion , to lu id ine b lue,

x i o o o

F ig . 3. T u b u la r  neck of subm ucosal g land  in  
tra n sv e rsa l section. N ote de ta ils  of u n d ifferen ­
t ia te d  cells am ong th e  ox y n tico -p ep tic  cells. 

S em i-th in  section , to lu id in e  b lue, X 1000

Fig. 2. T ran sitio n  be tw een  subm ucosal g land  
an d  d uct ep ith e liu m . N ote  m ucin  in  th e  a p i­
cal p a r t  o f one cell. Sem i-th in  sec tion , to ­

lu id ine  b lue  X 1000

Fig. 4. The apical p a r t  o f o x y n tico -p ep tic  cells 
dips in to  th e  tu b u la r  lum en. In  th e  cy to p lasm , 
m ito ch o n d ria  a n d  granu les o f secretion . 

Sem i-th in  sec tion , to lu id ine  blue X 1000
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F igs 5— 6. L ining e p ith e liu m  of p ro v e n tricu la r  lum en  and  c ry p ts . M ucin granules localize 
in th e  apical region; n e a rb y  the  surface som e granu les are em p ty . The in te rce llu la r spaces 

a re  m ore d is tin c t b a sa lly  th a n  above. X 9723

are  seen in th e  ap ica l p a r t  of th e  cy to p lasm . The re la tiv e ly  sh o rt m itochondria  
c h a rac te ris tic a lly  localize above th e  n u c leus; these  co n ta in  few cristae  an d  
v a ry  in shape, b e in g  round , e longa ted  or irreg u la r (F ig . 9). The in d is tin c t 
endoplasm ic re tic u lu m  localizes in  th e  p erik a ry o n . T he cy top lasm  is in te r -
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F igs  7—8. M ucin g ranu les o f various shape , size and  e lec tro n  d en sity  localize in  th e  apical 
p a r ts  o f lum inal and  c ry p t ep ithe lium  cells. Some g ranules are  e m p ty , w ith  on ly  th e  lim iting  
m em b ran e  left. A te rm in a l b a r  links th e  ap ical p a r ts  o f th e  cells w ith  one an o th e r. X 21,000

w ined by  a de licate  f ilam en to u s netw ork . M ost ribosom es are free, b u t  some 
are associated  w ith  th e  endoplasm ic re ticu lum .

The cuboidal or low co lum nar o x y n tico -pep tic  cells are th e  ch a rac te ris tic  
com ponen t of th e  subm ucosal g lands (Figs 3 4). T hese cells, perfo rm ing  th e
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F ig . 9. Apex of e p ith e lia l cell from  g lan d u la r o u tle t, co n ta in ing  ro u n d  an d  irregu lar 
m itochondria  an d  a delicate  m esh  of filam en ts (cy to filam en ts). X 19,800

F ig . 10. P erinuclear an d  b asa l regions o f th e  cell show n in Fig. 9. A cy to p lasm ic  in v ag in a tio n  
ex tends in to  th e  nucleus. N o te  p a rtitio n s  a t  th e  b asa l p a r t.  X 10,649

fu n c tio n s of bo th  o f m am m alian  ch ie f cells and  o x y n tic  cells, possess th e  com ­
b in ed  properties o f b o th . C hanges o f shape and  s tru c tu re  are  closely re la ted  
w ith  the  given fu n c tio n a l s ta te  o f th e  cell. I f  th e  s tom ach  is em p ty , the 
subm ucosal gland ep ith e liu m  cells w iden a t th e  basa l p a r t , th e  narro w ed  apex
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Fig. 11. A rgen tophilic  cells w edged be tw een  o x y n tico -pep tic  cells. D e ta il of a cap illary  vessel 
is seen in  th e  loose fib rous tissue  b e n ea th  th e  b asem en t m em b ran e . X 6945

bulges in to  th e  tu b u la r  lum en anti th e  free surface of the  cell is m ooth . The 
neighbouring  cells co n tac t ap ica lly  only b y  loose cy to p lasm ic  processes an d  
th e re  is a sh ift o f th e  te rm in a l b a r  to w ard s th e  basal cell reg ion  so th a t  a closer 
co n tac t ex ists only  betw een  th e  basa l tw o-th ird s  o f th e  cells. In te rce llu la r  
ju n c tio n  is rep resen ted  b y  in te rd ig ita tio n . The basal cell su rfaces are increased  
b y  in v ag in a tio n s of th e  cy top lasm ic  m em brane a t th e  b a sa l p a r t. T he m ain  
ch a rac te ris tic  of such cells is th e  presence o f m any large m ito chondria ; (Figs
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F ig . 12. O xyntico-pep tic  cell w ith  an  in tra n u c le a r inclusion, su rro u n d e d  sem icircularly  by  
und ifferen tia ted  cells. T h e  endoplasm ic re ticu lu m  is m ark ed ly  d is ten d ed . X 6945

11 12) these are ro u n d , w ith  m any c ris tae , and localize su p ra - and p a ran u c-
le a r ly .A  system  of vesicles and  tubu les is found  in th e  ap ica l p a r t  of the cells 
(F ig . 13). The w ell-developed  coarse endoplasm ic re ticu lu m  localizes perinuc- 
le a r ly  and basally  (F igs 11 12). A rich  Golgi com plex ex ten d s  around  th e
nu c leu s (Fig. 14). G ran u les  o f secretion are ch iefly  found  in  th e  apical region, 
b u t  several p a ran u c lear g ranu les are also seen. The zym ogen  granules are  
hom ogeneous and v a ry  in  electron  d en sity  (Figs 4, 16). Lysosom es v a ry  in  
n u m b e r  and size (F ig. 14). T he nucleus is la rge , round , r ich  in ch rom atin  and  
is s lig h tly  basally  p laced . C hrom atin  is a b u n d a n tly  p re se n t in  th e  kary o p lasm
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F igs 13— 14. C ytoplasm ic organelles o f o x y n tico -p ep tic  cells. T here are m a n y  m ito ch o n d ria , 
tu b u le s  an d  vesicles, a  b u lk y , d istended  coarse  endoplasm ic re ticu lu m , a  w ell-developed 

Golgi com plex, lysosom es an d  granu les o f secretion. X21 000

an d  th e  nucleolus is p ro m in en t (F igs 4, 11). N uclear inclusions, su rrounded  
b y  a lim itin g  m em brane and  differing  in  d en sity  from  th e  nucleus, are occa­
sionally  also seen (Figs 12, 15). E m p ty  cells are slim m er and  ta lle r  th a n  those 
c a rry in g  secretion , th e ir  free surface is sm o o th e r and in te rce llu la r co n tac t is
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Fig. 15. The close jo in t  o f th e  nuclear m em b ran e  and  endop lasm ic  re ticu lum  is well show n. 
In  th e  ca ry o p lasm  there  is a g lo b u la r e lectron-dense inclusion. X 42,000

Fig. 16. R esting o x y n tico -p ep tic  cell. M any zym ogen g ranu les accum ula te  in th e  cy top lasm
in th is  phase . X6945

closer even above th e  te rm in a l b a r  (F ig . 11). Cells b en ea th  the  te rm in a l b a r 
develop  more co m p lex  in te rd ig ita tio n s . In  res tin g  cells th e  num ber of vesicles 
is m arked ly  decreased  and  th e  secre tion  granules are e m p ty .T h e  g ran u la r endo­
p lasm ic  re ticu lum  d ips deeper in to  th e  apical cy to p lasm , and its  d is ten d ed
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d u c tu li are filled  b y  an  electron-dense, hom ogeneous su b stan ce  (Figs 11, 12, 
15). The nucleus becom es sligh tly  d isp laced  to w ard s th e  lum ina l surface.

A rg en ta ffin  cells also occur am ong th e  m a tu re  an d  u n d iffe ren tia ted  
(“ fib rillo v esicu la r” ) oxyn tico -pep tic  cells (F igs 11, 12). T hese localize along 
th e  basem en t m em b ran e  betw een co lu m n ar ep ithe lium  cells. The cy top lasm  
con ta in s un ifo rm , ro u n d , m em b ran e-co a ted  elec tron-dense  granules, an  u n ­
developed  endoplasm ic re ticu lu m  and a few , sm all m ito ch o n d ria . The nucleus 
is ro u n d  and  cen tra lly  p laced .

D iscussion

I t  is generally  accep ted  th a t  th e  g a s tr ic  ju ice  o f b ird s  is p roduced  b y  
cells localizing in  th e  th ic k  wall o f th e  p ro v en tricu lu s .

The m a jo rity  o f in v estig a to rs  K o v á c s , 1928; L u p p a , 1962; G uzsal , 1963; 
M ic h e l , 1971) are in acco rd  th a t  the  g lan d  ep ithe lium  cells localize in th e  
p ro p ria  (or superfic ia l p ro p ria ) and su b m u co sa  (or deep p ro p ria ), b u t fail to  
agree in respect of th e  p resence or absence o f  a m uscu laris m ucosae.

O thers (e. g. Ca l h o u n , 1961) h av e  d o u b te d  th e  ex istence  of superfic ia l 
g landu lae  p ro p riae , s ta t in g  th a t  m ucosal fo lds and  recesses are coated  by  a 
sim ple co lum nar ep ithe lium .

In  th e  p resen t s tu d y  no notable u l tr a s tru c tu ra l  difference was observed 
betw een  lin ing ep ith e lia l cells of the  p ro v e n tr ic u la r  lum en  and  g landulae 
p ro p ria  cells. The co lu m n ar epithelial cells resem ble in  s tru c tu re  th e  m ucin- 
secre ting  cells lin ing  th e  lum en  and recesses of th e  m am m alian  stom ach . A c­
cord ingly , th e  su b m u co sa l glands of th e  a v ia n  p ro v en tricu lu s  are analogous 
to  th e  grooves (sulci) o f th e  m am m alian  s tom ach .

The av ian  p ro v en tricu lu s  was firs t co m p ared  w ith  th e  genuine m am m alian  
s tom ach  b y  B r o w ne  (1922; c it. K ovács , 1928). S u bsequen t ligh t-m icroscopic  
stud ies disclosed th e  in tr ic a te  system  of su b m u co sa l g lands an d  th e  exocrine 
n a tu re  of th e  g land ep ith e liu m  (A i t k e n , 1958; L u p p a , 1962; Ca l h o u n , 1961; 
Guz sal , 1963). L u p p a  (1962) concluded fro m  topochem ical s tud ies th a t  p ro d u c­
tio n  of HC1 and pepsin  is also tak in g  place in  th e  p ro v en tricu lu s , b u t  th is  aw aited  
la te r  e lectron-m icroscopic  evidence. The u l t r a s t ru c tu re  o f subm ucosal gland ep i­
th e liu m  cells was found  to  be an in te rm ed ia ry  ty p e  betw een  th e  m am m alian  
ch ief cells and  o x y n tic  cells (S e l a n d e r , 1963; T o n e r , 1963) an d  th e  te rm  
“ o x y n tico -pep tic  cells”  w as coined on a fu n c tio n a l basis. T he n u m b er of in tra -  
cy top lasm ic  zym ogen g ranu les, vacuoles a n d  vesicles, as well as th e  cell shape 
d iffered in  fas tin g  an d  h is tam in e -s tim u la ted  b ird s (S e l a n d e r , 1963; T o n e r , 
1963). A ccording to  Ch o d n i k  (1947), each  cell is an in d ep en d en t functional 
u n it , w hence th e y  do n o t re lease secretion s im u ltan eo u sly . In  th e  p resen t s tu d y , 
all o x y n tico -pep tic  cells w ere found to  be  in  th e  sam e stage  of secretory  ac ­
tiv i ty .
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U nder physio logical c ircu m stan ces p o u ltry  consum e food ad lib itu m  ; 
th u s , tak in g  in to  considera tion  th e  s to rag e  of food in  th e  crop , gastric  secre tio n  
m ay  well tak e  p lace con tinuously . A p a r t  from  th e  q u a lity  and  q u a n ti ty  o f  
food, th e  p a r t o f th e  d ay  also p lay s a ro le in  th e  in te n s ity  o f  secretion . As no  
food is consum ed o v ern ig h t, zym ogen ic  granules an d  vacuo les ac c u m u la te  
in  th e  cells —  p ro b a b ly  un d er n eu ro h o rm o n a l reg u la tion  —  an d  th e ir  q u a n t i ­
ta t iv e  increase a lte rs  th e  m orpho logy  o f th e  cell. Food  in ta k e  in  th e  m o rn in g  
is follow ed by  release o f th e  secre tion  accu m u la ted  o v ern ig h t. T he m orp h o lo g i­
ca l signs of th is  p rocess are, am ong  o th e rs , th e  release of zym ogen g ran u les , 
decrease of in tra -cy to p la sm ic  vacuo les in  num ber, increase o f th e  cell su rface , 
etc. This can acco u n t fo r th e  fin d in g  t h a t  th e  oxy n tico -p ep tic  cells of ch ickens 
k illed  a t  daw n resem ble  those of s ta rv e d  chickens w hereas feed ing  or s t im u la ­
tio n  w ith  h is tam in e  gives rise to  s im ila r  changes in  th ese  cells.
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SU M M A R Y

Cell ty p es o f  th e  m ucous ep ith e liu m  o f a v ian  p ro v en tricu lu s w ere s tu d ied  by  e le c tro n  
m icroscopy  in specim ens from  chickens of b o th  sexes.

Cells of th e  lin ing  ep ith e liu m  of p ro v e n tr ic u la r  lum en an d  th e  ep ith e lia l cells o f “ g lan - 
d u lae  p ro p ria ”  were fo u n d  to  be s im ilar in  s tru c tu re  to  th e  su p erfic ia l m ucin -secre ting  cells 
o f th e  m am m alian  s to m ach . As th e  lin ing  ep ith e lia l cells and c ry p t cells d id  n o t n o tab ly  d iffe r 
in  an y  u l tra s tru c tu ra l  d e ta il, th e  term in o lo g ica l d is tin c tio n  of th e  la t te r  as “ g landu lae  p ro - 
p riae  or p ro p ria i g la n d s”  seem s to  be u n n ecessa ry .

The g rea te r p a r t  o f  th e  p ro v e n tr ic u la r  w all is occupied  b y  th e  subm ucosal g lan d s , 
w hich  form  m an y  ro u n d ish  or irreg u la rly -sh ap ed  lobules. The tu b u la r  alveoli are, like in  th e  
low er v e rte b ra te s , lin ed  b y  the  so-called o x y n tico -p ep tic  cells. T he u l tra s tru c tu re  o f th ese  
cells owing to th e ir  d u a l fu n c tio n  re p re se n ts  a special in te rm ed ia ry  ty p e  be tw een  th e  ch ie f 
cells an d  o x y n tic  cells o f  m am m als. T he o x y n tico -p ep tic  cells pe rfo rm  sy n ch ronously  a  co n ­
tin u o u s  secretory  a c t iv ity . As p o u ltry  consum e food ad lib itum , th e  in te n s ity  o f sec re tio n  
ch iefly  depends on  th e  p a r t  of th e  day .

A m ong m a tu re  o x y n tico -p ep tic  cells, u n d iffe ren tia ted  fo rm s an d  “ a rg en to p h ilic ”  
cells were also en co u n tered .
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DATA ON THE “OCTOMITOSIS” (SPIRONUCLEOSIS)
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The occurrence of d iplom astigine flag e lla te s  in fish  in te stin e  h as long been k n o w n  
b u t  on ly  th e  species p a ras itic  in salm onids h av e  been  s tu d ied  in  g rea te r de ta il (Sc h m id t , 
1920; Mo o r e , 1923; D a v is , 1926). Scanty  d a ta  are  av a ilab le  on th e  d ip lom astig ines of a q u a ry  
fishes (Sc h ä p e r c l a u s , 1954; R eich en ba ch — K l in k e , 1966; K u ld a  and  L om , 19 64a), 
and  on ly  b rie f  reference has been m ade to such p a ra s ite s  o f cyprin ids (S ch m id t , 1920; R e i ­
ch en b a c h — K l in k e , 1966; Ch e n , 1956).

A disease o f th e  fry , u su a lly  referred to  as “ o c to m ito s is” , is com m only  occurring  in  
tro u t  pon d  fa rm s. K u ld a  and  L om (1964b) hav e  a tt r ib u te d  i t  to  H exam ita  salmonis (Mo o r e , 
1923), a species m en tio n ed  by  Schäperclaus (1954) u n d e r  th e  nam e Octomitustruttae. A ccord­
ing to  S c h ä p e r c l a u s , th is  p a rasite  occurs n o t o n ly  in tro u ts , b u t  also in  a q u ary  fishes 
(P terophyllum , Cichlasoma an d  Heterandria species), b u t  K u lda  an d  L om (1964a, b) show ed 
th a t  H exam ita  salm onis is s tr ic tly  specific for sa lm o n id s an d  as such d is tin c t from  th e  p a ra s ite  
found  in th e  angel fish  ( P terophyllum  scalare), w h ich  th e y  id en tified  as th e  am p h ib ian  p a ra s ite  
Spironucleus elegáns (L av ier, 1936). R e ic h e n b a c h -  K l in k e  (1966) agreed w ith  K u ld a  
an d  L om , b u t  rem ark ed  th a t  hexam ita-like  p a ra s ite s  p ro b a b ly  belonging to  th e  species S p iro - 
nucleus elegáns (L av ier, 1936) also occur in th e  com m on carp . This accords well w ith  th e  
earlie r o b se rv a tio n  of Sch m id t  (1920), b u t a tte m p ts  fo r th e  ex p erim en ta l tran sfe r of S p iro ­
nucleus elegáns to  cyprin ids indigenous in E u ro p e  fa iled  (K ulda  and  L om , 1964b). O u t o f 
th e  cy p rin id s o th e r  th a n  th e  com m on carp , on ly  th e  g rasscarp  ( Ctenopharyngodon idella) 
was found  to  h a rb o u r  a d ip lom astig ine species in th e  g u t, w hich  had  orig inally  been described  
in  C hina (Ch e n , 1956) as H exam itus  sp. b u t, on th e  basis o f th e  o rig inal descrip tion , K u ld a  
and  L om (1964a, b) have  believed it  to belong to  th e  genus Spironucleus.

The p a th o g en ic  effec t o f hexam ites d ep en d s , accord ing  to D avis (1956), ch iefly  on  
en v iro n m en ta l fac to rs  an d  d e a th  is caused by e n te r it is .  S ch ä percla u s  (1954) and  R e ic h e n ­
ba ch — K l in k e  (1966) rep o rte d  th a t  H exam ita (O ctom itus) salmonis was occasionally  fo u n d  
in  th e  b lood  of t ro u ts  and  H exam ita  (O ctom itus) in testina lis  in th a t  of frogs an d  to rto ises.

No lite ra ry  d a ta  are  available on th e  p a th o g en ic  im p o rtan ce  of d ip lo m a­
stig ine flag e lla te s  p a ra s itic  in cyprinids a n d  li t t le is  know n ab o u t th e  s im ila r 
p a rasite s  o f aq u a riu m  fishes. The p resen t s tu d y  co n trib u tes  som e new d a ta  
to  th e  know ledge of d ip lom astig ins and  o f  th e  p a th o m ech an ism  of th e  d isease 
caused by  th e m , on th e  basis of fa ta l in fec tions occurring  in ce rta in  fish  species 
indigenous in H u n g ary .

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 ( 1—2) ,  pp. 99 —106 (1974)

Material and Methods

T he exam ined  fishes orig inated  from  v ario u s  pond  farm s, from  th e  r iv e r  
D anube and  from  aq u a riu m  breeds.

In  th e  m a jo rity  of th e  cases, only  th e  occurrence of p a ras ite s  was es­
tab lish ed , b u t  if  th e  h o st showed sy m p to m s, d e ta iled  exam in a tio n s w ere c a r­
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r ie d  o u t. In  such  cases th e  p a ras ite s  fo u n d  in  th e  fresh  carcases or in  k illed  
fishes were exam ined  in  sta ined  an d  u n s ta in e d  p rep a ra tio n s . The sm ears w ere 
s ta in ed  w ith  th e  tech n iq u es of G iem sa, P appenhe im  and  F ark as-M allo ry  
a f te r  f ix a tio n  in  m e th an o l. The a ffec ted  organs were fixed  in 4 %  fo rm a lin , 
em bedded  in p a ra ff in , an d  th e  sec tions w ere sta in ed  w ith  h aem a to x y lin  an d  
eosin or w ith  th e  F arkas-M allo ry  te c h n iq u e .

R esu lts

D ip lom astig ine  flage lla tes w ere o ften  found  in th e  gu t o f cy p rin id s . 
T h e  m ajo rity  o f g rasscarps (Ctenopharyngodon idella) h a rb o u red  th e  Sp iro -  
nucleus (H exa m itu s)  sp . described b y  Ch e n  (1956).

S im ilar p a ra s ite s  were occasionally  encoun tered  in th e  gu t o f b ig h ead s 
( H ypophthalm ichthys nobilis)  and  com m on  carps (C yprinus carpio) from  p o n d  
fa rm s and  in  th a t  o f Chondrostoma nasus  an d  Barbus barbus fishes ta k e n  from  
th e  river D an u b e . A q u ariu m  fishes, ab o v e  all th e  angel fish  ( P terophyllum  
scalare), w ere also fo u n d  to  h a rb o u r d ip lom astig ines.

M orphological observations

All d ip lom astig in es  were c h a ra c te ris tic a lly  equ ipped  w ith  3 p a irs  o f 
a n te rio r  flagellae  an d  one p a ir of p o s te rio rly  po in ted  flagellae . These s tru c tu re s  
w ere only seen in  u n s ta in e d  p re p a ra tio n s , in  th e  p re m o rta l stage  w hen  th e  
m ovem ents o f th e  p a ra s ite  had  slow ed dow n. In  s ta in ed  p rep a ra tio n s  (G iem sa, 
P appenhe im ) th e re  w as no in d ica tio n  o f  flagellae , only  of th e ir  in tra c e llu la r  
p o rtio n s, w hich to o k  on a pale b lue  s ta in  aga in st th e  d a rk e r b lue c y to p la sm  
an d  th e  re d -s ta in in g  nucleus. In  sm ears s ta in ed  w ith  F ark as-M allo ry ’s te c h ­
n iq u e , m an y  vacuoles becam e a p p a re n t in  th e  hom ogeneous p in k  c y to p la sm , 
w hich , like th e  nuc leu s, did n o t ta k e  on th e  s ta in . T he pro tozoon  can be re ­
cognized b y  th e  po o r s ta in in g  a ff in ity  o f  th e  nucleus and  vacuoles also in  h is to ­
logical sections of nec ro tic  liver tissu e  (F ig . 2). The m easu rem en ts o f th e  p a r a ­
sites are a lm ost id en tica l in live an d  f ix e d  s ta te ;  d ip lom astig ines from  th e  liv e r  
o f  Barbus barbus m easu red  10—12 b y  5— 9 /.im , those from  angel fish  7 —9 b y  
3— 5 jum an d  th o se  from  grasscarp  8— 10 b y  4 —7 p in . All p a ras ite s  h a d  an  
oval or long oval shape .

The generic c lassifica tion  of d ip lo m astig in e  flage lla tes ( Octomitus, H exa- 
m ita , Spironucleus)  is based  on n u c le a r  m orphology. Such stud ies w ere n o t 
possib le in th e  fram e of th e  p resen t w ork  h u t, accep ting  K u l d a  an d  L o m ’s 
opinion (1964a, b ), I  have  te n ta tiv e ly  classified  th e  pa rasite s  in to  th e  genus 
Spironucleus  L av ie r. T he p ro tozoon fo u n d  in the  g rasscarp  is c learly  id e n tic a l 
w ith  Ch e n ’s (1956) d ip lom astig ine , a n d  th e  id e n tity  of th e  a q u a ry  fish  
p a ra s ite  w ith  Spironucleus elegáns L av ie r, 1936, is a t least very  p robab le . S ince,
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how ever, lite ra ry  d a ta  on the  d ip lo m astig in e  of Barbus barbus are lack ing , 
i t  has rem ain ed  to  be clarified  w h e th e r th e  Spironucleus  p a ra s ite s  occurring  
in  th e  g u t o f E u ro p e a n  cyprin ides a re  id e n tic a l w ith  Spironucleus elegáns 
L av ier 1936 or o th e r  know n H exam ita  or Spironucleus  species, or th e y  rep re sen t 
a new  species n o t p rev io u sly  described . U n til  in fo rm atio n  is em erging from  d e ­
ta iled  stu d ies , I re fe r to  them  as Sp ironucleus sp .

Pathogenicity o f  the parasites

Losses due to  Spironucleus p a ra s ite s  w ere observed in  th re e  fish  species.
“ Spironucleosis’’'’ o f  the grasscarp. T h e  p a ra s ite  described  b y  Ch e n  

(1956) as H exam itus  sp . and classified  b y  K u l d a  and  L om (1964a,h) in to  
th e  genus Spironucleus  were found  in  th e  p o ste rio r tw o th ird s  of th e  g u t o f 
th e  g rasscarp , occasionally  in v e ry  large  n u m b ers . In  som e ponds 100%  o f 
th e  grasscarps w ere in fected . The in te n s i ty  o f  in festa tio n  w as g rea test am ong  
th e  one-sum m er an d  tw o-sum m er fishes. T he estab lish m en t o f m any  p a ra ­
sites in  th e  g u t caused  gross lesions: th e  m ucous m em brane exh ib ited  re d ­
dening  over th e  p o ste rio r two th ird s  o f th e  g u t and th e  vessels o f the  serous 
m em brane w ere in jec ted .

Losses a t t r ib u ta b le  to  sp ironucleosis in  itse lf  were n o t observed. A 17 cm  
long one-sum m er g rasscarp  k ep t in an  a q u a ry  showed a severe ascites. As th e  
case w as susp ec t o f  infectious d ro p sy , sam ple  was ta k e n  fo r bacterio log ical 
ex am in a tio n . T he volum e of th e  abd o m en  increased  enorm ously , e x o p h th a l­
m ia developed an d  th e  scales were s lig h tly  ru ffled  (Fig. 1). O n abdom inal in ­
cision a large a m o u n t of yellow ish-reddish , je llinaceous se rum  was d ischarged  
from  th e  ab d o m in a l cav ity . The vessels o f  th e  in te s tin a l serous m em brane an d  
of th e  m esen te ry  w ere in jec ted  an d  th e  p o s te rio r  segm ent o f th e  g u t ap p eared  
as a red  tu b e  am ong  th e  abdom inal o rgans. Som e areas o f  th e  liver show ed a 
b row nish -g rey  d isco lo ra tion . M ucosal scrap ings from  th e  p u rp le  m ucous m em -

Fig. 1. A scites o f g rasscarp  due to  spironucleosis
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b ra n e  of th e  p o s te rio r  gu t co n ta in ed  m asses of Spironucleus  p a ra s ite s . T he 
abdo m in a l e x u d a tio n  was b ac te rio lo g ica lly  nega tive , co n ta in in g  on ly  a few 
re d  blood cells. H isto log ically  an  e a rly  s tag e  of necrosis w as found  in  th e  liv e r 
a n d  haem orrhag ic  en te ritis  in th e  g u t. T h e  p ropria  o f th e  in te s tin a l m ucosal 
fo lds and  th e  su b m u co sa  con ta ined  re d  b lood  cells an d  u n id en tifiab le  cellu lar 
e lem ents. T he vessels w ere d ila ted  an d  in  places haem orrhages were seen u n d e r 
th e  serosa. T he m ucosal ep ithe lium  w as in ju red  and  m an y  necro tic  ep ith e lia l 
cells and red  b lo o d  cells were found  in  i t .

Fig. 2. Sp ironucleus sp. in c o lliq u a ted  liv e r tissue of a  Barbus barbus f ish

“Spironucleosis’’’ o f  B arbus b a rb u s . The fresh carcase of a Barbus bar- 
bus fish , ta k e n  o f  th e  D anube riv e r, w as m arked ly  cachectic  and  w as th e re ­
fore exam ined  in  g rea te r de ta il. T h e  back line  of th e  50 cm long fish  w as 
q u ite  sharp  an d  its  ribs showed th ro u g h  th e  skin . O n abdom inal incision , 
a b o u t 100 m l o f  yellow ish-reddish  f lu id  w as d ischarged  from  th e  ab d o m in a l 
cav ity . The probosces o f P om porhynchus laevis ( Acantocephala)  w ere p ro tru d ­
in g  from  th e  serous m em brane o v er an ab o u t 10 cm  long po rtio n  o f  th e  
g u t, spaced a t  5 m m  d istance from  one an o th e r. T he p a rasites localiz ing  in 
th e  lum en w ere c learly  visible th ro u g h  th e  th in n ed  in te s tin a l w all. In  th e  
liv er p o rtion  loca liz ing  in th e  in te s tin a l loop, a t th e  s ite  w here th e  probosces 
o f  Pom porhynchus  p u n ch ed  th e  in te s t in a l  wall, th e re  w as a greenish-yellow , 
n ecro tic , friab le  liv e r lesion, ab o u t 3 cm  in  d iam eter (F ig . 3). The nec ro tic  liv e r 
p o rtio n  was p a c k e d  w ith  Spironucleus  p a ras ite s . A b o u t 120 Pom porhynchus  
laevis p a ra s ite s  w ere found in th e  exposed  in te s tin a l lum en (Fig. 4). Scrap-
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Fig. 4. E x p o sed  g u t  o f a Barbus barbus fish. N o te  th e  m an y  P om porhynchus laevis p a ras ite s  
in  th e  in te s tin a l lum en and  residues of necro tic  liv e r p o rtio n  on  th e  serous m em brane

ings from  th e  s ligh tly  red d en ed  in te s tin a l m ucosa also co n ta in ed  m an y  Spiro- 
nucleus s tages, h u t  no p a ra s ite s  were found  in  th e  bile and  abdom inal flu id .

The liv e r and  th e  g u t p o rtio n  in v ad ed  b y  Pom porhynchus  and  p ro to ­
zoa were ex am in ed  h isto log ically . T he g u t show ed b u t  l i ttle  change: a p a r t  
from  cross-sections of Pom porhynchus  p a ra s ite s  in  th e  lum en , th e  only ab-

Fig. 3. N ecro tic  d e ta il o f liver ad jo in ing  th e  g u t p o rtio n  p u n ch ed  b y  probosces o f Pom po­
rhynchus in  spironucleosis o f a Barbus barbus fish
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n o rm a lity  was th e  e x tra v a sa tio n  o f a few red  blood cells in  th e  p ro p ria . T he 
c o n tin u ity  of m u ra l tissu e  was in te r ru p te d  b y  th e  probosces p ro tru d in g  in to  
th e  abdom inal c a v ity  an d  th e  accu m u la tio n  of fib rous connective  tissu e  in  
th e ir  su rround ings. T he probosces a n d  th e  su rround ing  connective  tissu e  ex ­
te n d e d  beyond  th e  serous m em brane in to  th e  liver p a ren ch y m a. T hese p a r ts  
o f  th e  liver w ere n ec ro tic  and  th e  p a re n c h y m a  tran sfo rm ed  to  a s tru c tu re le ss  
m ass, owing to  co lliq u a tio n  necrosis. A p a r t  from  co lliquated  tissues, cell debris 
an d  m any  Spironucleus  pa rasite s  w ere found  in  th e  n ecro tic  liv er p o rtio n s  
(F ig . 1). In  th e  a reas ad jo in ing  th e  in ta c t  liver tissue , nuclei dep rived  o f cy to -

F ig. 5. N ecro tic  a n d  re la tiv e ly  sound  d e ta ils  o f liver p a ren ch y m a  in  a Barbus barbus

p lasm  and  groups o f d is in teg ra tin g  liv e r  cells were seen. W ith in  in ta c t  row s of 
cells island-like sm all o r la rger areas show ed early  or adv an ced  d eg en era tio n  
(F ig . 5). Sw elling an d  liquefaction  of th e  dam aged  cells was soon follow ed b y  
n uc lear d is in teg ra tio n .

“ Spironucleosis'’’ o f  aquary fish e s . Spironucleus  p a ras ite s  w ere often  
found  in  th e  g u t o f a q u a ry  fishes in  th e  course of ro u tin e  ex am in a tio n s . In  
one case losses in  an  angel fish  s to ck  am ounted  to  50% . Two in d iv id u a ls  
from  th is  stock , a fresh  carcase an d  an  ap p earen tly  h e a lth y  fish  w ere a u to p - 
sied. The dead  f ish  ex h ib ited  red d en in g  of th e  skin , haem orrhages an d  u l­
cera tions, especially  in  the  region o f  th e  head . Spironucleus  p a ra s ite s  w ere 
a b u n d a n tly  p re se n t in  m uscle specim ens tak en  from  th e  a ffec ted  p a r ts . 
T he pa rasite s  w ere localized in vessels and  in  in te rs titia l haem o rrh ag es . M any
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Spironucleus  d ip lom astig ines w ere also found in th e  g u t, ga llb ladder an d  v is ­
ceral organs. A h aem o rrh ag ic  e n te ritis  sim ilar to  t h a t  fo u n d  in  th e  grasscarp  
was observed . T he h e a lth y  ap p earin g  fish  show ed slig h t c a ta r rh a l lesion in th e  
gu t an d  a tu rb id  b ile , b u t  no o th e r gross lesions. M asses o f Spironucleus  p a r ­
asites w ere neverth e less  p re sen t in  th e  gu t an d  g a llb lad d er, an d  a few spec­
im ens w ere even found  in  im pressions of m uscle o rig in a tin g  from  v arious 
p a r ts  o f th e  b o d y . B o th  fishes h a rb o u re d  m any  C apillaria ( N em atoda)  stages in 
th e  g u t, 32 an d  47 specim ens, respective ly .

D iscussion

As th e  a ffec ted  fishes w ere bacterio log ically  n e g a tiv e , h u t  m asses o f 
Spironucleus  p a ra s ite s  w ere found  in  th e  changed o rgans, i t  seem s fa irly  ce rta in  
th a t  th e  losses w ere due to  Spironucleus  in fection . C onsidera tion  should be, 
how ever, also g iven to  th e  fac t th a t  in  every  case, p red isposing  fac to rs  h ad  
ag g rav a ted  th e  course o f th e  p a ra s itic  disease.

In  th e  case of g rasscarps, long fasting  and  re te n tio n  o f a sm all a m o u n t 
of chym e in th e  g u t clearly  fav o u red  the  m u ltip lica tio n  o f Spironucleus  and  
th e  deve lopm en t o f en te ritis . T he pa rasite s  reached  th e  b lood  s tream  an d  liv er 
across th e  in ju red  in te s tin a l w all, w ith o u t in fec ting  th e  gallb ladder. The a p ­
pearance  of ex u d a tio n  in  th e  abd o m in a l cav ity  w as a seq u a l to  h aem orrhag ic  
en te ritis .

Spironucleus  sp . can  also be held  responsible fo r th e  liv e r  necrosis develop­
ing in  Barbus barbus f ish . T he absence of lesions from  th e  ga llb ladder and  
b ilia ry  duc ts  suggests th a t  Spironucleus  stages gained  access to  th e  liver 
th ro u g h  th e  tissu e  in ju ries  caused b y  Pom porhynchus laevis. As em acia ted  
Barbus barbus specim ens are  v e ry  freq u en tly  en co u n te red  an d  m ass losses 
have o ften  been observed  am ong th e  p o pu la tion  in  th e  D anube h a b ita t ,  i t  
seems h igh ly  p ro b ab le  th a t  a com plication  of Pom porhynchus in fec tion  by  
spironucleosis is a m uch  m ore freq u en t occurrence t h a t  m ig h t be in fe rred  from  
th e  case described  in  th e  foregoing.

T he fac t th a t  Spironucleus sp. was d em onstrab le  in  th e  b lood  o f m an y  
aq u ariu m  fishes, inc lu d in g  those  free from  sym ptom s, c learly  shows th a t  these  
p a ras ite s , reg a rd ed  b y  m any  au th o rs  as harm less g u t dw ellers, m ay  in v ad e  
th e  bo d y  of th e  h o st an d  there fo re  th e  Spironucleus  sp p . p a ra s itic  in  th e  gu t 
o f v a rious fish  species have to  be regarded  as organism s capab le  of causing  
p a ras itaem ia  u n d e r given conditions.

I t  is concluded  from  th e  resu lts  th a t  th e  sp ironucleosis o f cyprin ids and 
aq u ariu m  fishes is a disease sim ilar in  n a tu re  to  t r o u t  octom itosis.
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S um m ary

Case reports o f “ sp ironucleosis”  am ong cyprin ids and  a q u a ry  fishes are p resen ted  
a n d  th e  conclusion is d raw n  th a t  th e  p a th o g en ic  im p o rtan ce  of d ip lo m astig in e  flagella tes for 
th e se  species is sim ilar to  t h a t  o f th e  so-called oc tom itosis for tro u ts .

The d ip lom astig ine  flag e lla te s , te n ta tiv e ly  classified by  th e  a u th o r  as Spironucleus sp ., 
occasionally  caused losses am ong  g rasscarps , Barbus barbus fishes a n d  angel fishes. Barbus 
barbus showed e n te ritis , liv e r  necrosis and  serous ex u d a tio n  in to  th e  ab d o m in a l cav ity , whereas 
a n g e l fishes show ed a p a r t  fro m  e n te r it is  h aem orrhages an d  u lce ra tio n s  over th e  en tire  body 
su rface , above all in  th e  h ead  reg ion . In  dead  or d iseased  fishes, d ip lo m astig in e  flagellates 
w h ic h  are ty p ica l g u t p a ra s ite s , also ap p ea red  in o th e r organs, in th e  liv e r  o f Barbus barbus 
a n d  in  the  pe rip h eral b lood  o f th e  angel fish.
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T here is lit t le  in fo rm a tio n  available on  th e  th e rm o sen sitiv ity  o f th e  haem olysin  o f 
Escherichia coli. L o v ell  a n d  R e e s  (1960) d esc rib ed  th e  so-called filte rab le  haem olysin  o f  
E . coli o rganism s g row n in  sy n th e tic  m edia , w h ich  w as la te r  ch arac te rized  by  Sn y d e r  a n d  
K och (1966) as th e rm o sta b le . As in our re la te d  s tu d ies  (Mu r á n y i an d  J u hász , 1971) th e  
filte rab le  haem olysin  effec t p ro v e d  to  be due to  acids p roduced  b y  E . coli cells its  th e rm o s ta ­
b ility  does n o t seem  to  w a r ra n t  fu r th e r  e x am in a tio n s  o r ex p lan atio n .

Sn y d e r  and  K och  (1966) also s tu d ied  th e  th e rm o se n sitiv ity  o f cell-bound E . coli 
haem olysin . E . coli o rgan ism s grow n in  B eef H e a r t  In fu sio n  B ro th  (D IF C O ) for 4— 10 h o u rs  
lo st haem olysin  cap ac ity  d u rin g  a tre a tm e n t fo r 1 h o u r  a t  56 °C.

The p re sen t s tu d ies  w ere u n d e rta k e n  to  exam ine th e  beh av io u r to w ard s  
h ea t of cell-associated  E . coli haem olysin  an d  to  clarify  w h e th e r th e re  is re la ­
tionsh ip  betw een  th e  red u c tio n  of germ  c o u n t and  fall of th e  haem olysin  t i t r e .  
The resu lts  w ere e v a lu a ted  m a th e m a tic a lly .

Materials and Methods

The E . coli P  105 (0  138 : К  81) s tra in , iso lated  from  swine, was u sed  
th ro u g h o u t. T re a tm e n t a t d ifferen t te m p e ra tu re s  was carried  ou t in a w a te r- 
b a th . The haem olysin  te s t  was set up  a n d  germ  counts w ere de te rm ined  im ­
m ed ia te ly  a fte r  h e a t t r e a tm e n t.

U nd ilu ted  cu ltu re  or its tw ofo ld  seria l d ilu tions in  saline con ta in in g  
0.005 M  an d  a 1%  suspension  of th ree  t im e s  w ashed  sheep e ry th ro cy tes  w ere 
used in  th e  h aem olysin  te s t .  The resu lts  w ere read  a fte r an  incub a tio n  fo r 2 
hours a t 37 °C. G erm  co u n t were d e te rm in e d  according to  M iles  and  M is r a  
(1938).

The m a th e m a tic a l ev a lu a tio n  was m a d e  by  m eans of a H e w le tt-P a c k a rd  
9810 A com pu ter.

Results and D iscussion

P re lim in ary  ex p erim en ts  showed th a t  w hile th e  h e a t tre a tm e n t m inim ized 
or even stop p ed  th e  h aem oly tic  a c tiv ity , i t  scarcely a lte red  th e  germ  co u n t, 
if  a t  all. H aem o ly tic  a c tiv ity  ceased a t 56 °C a lready  in  30 seconds and  a t  50 °C
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in  15 m inu tes. M eanw hile th e  E . coli c o u n t fell only by  ab o u t one lo g a rith m ic  
o rd er, w hich m ig h t well have been due  to  th e  erro r of th e  m ethod .

I t  follows th a t  th e  b ac te ria l cell suspension  m ay  lose its  h aem o ly tic  
a c tiv ity  w ith o u t a n o ta b le  a lte ra tio n  o f  th e  co u n t of v iab le  germ s. I t  is, th e r e ­
fo re , possible to  se lec t a te m p e ra tu re  ran g e  and  tim e  in te rv a l w ith in  w h ich  
th e  red u c tio n  of th e  h aem oly tic  t i t r e  can  be followed up  w ith  th e  germ  c o u n t 
u n ch an g ed . T estin g  o f sam ples every  5 or 10 m inu tes show ed th a t  t i t r e  d e ­
crease an d  cessa tion  o f  th e  haem o ly tic  a c t iv i ty  need a well defineab le  tim e  of 
h e a tin g . T he resu lts  are  show n in F ig . 1 an d  T able I.

GERM-COUNT GERM-COUNT GERM-COUNT

GERM-COUNT GERM-COUNT GERM-COUNT GERM-COUNT

20 AO 60 min 10 20 min 10 20 min 1 2  3 4 min
46° 48° 50° 52°

Fig. 1. H aem o ly tic  t it re s  an d  E . coli co u n ts  d u rin g  tre a tm e n ts  a t  d iffe ren t tem p e ra tu re s . 
—--------  haem oly tic  t i t r e ; ------- -- - E . coli co u n t

Table I

Loss o f haem olytic  a c tiv ity  a t  d ifferent tem p era tu res

H e a t
tre a tm e n t  

a t  °C

B eg in n in g  o f  t i t r e  
d ecrease  

(m in u te s )

D isappearance  of 
a c tiv ity  

(m inu tes)

40 180 180
42 60 80
44 30 70
46 30 50
48 15 20
50 10 15
52 2 3
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A m a th e m a tic a l co rre la tio n  w as th e n  sough t be tw een  t i t r e  changes and  
te m p e ra tu re  o f h e a t t r e a tm e n t. I t  w as a lready  in fe rred  from  th e  read in g  of 
th e  n u m erica l values th a t  such  a co rre la to n  exists in  th e  te m p e ra tu re  range 
betw een  42 an d  50 °C. T he m a th e m a tic a l analysis su b s ta n tia te d  th is  im p lica ­
tio n . T itre  changes a t  40 an d  50 °C d iffered  m arked ly  from  th e  o th e r values 
m easured . E x am in a tio n s  o f th e  values o f in itia l decrease and  d isap p earan ce  
o f th e  h aem o ly tic  a c tiv ity  in  th e  fu n c tio n  o f tim e show ed th a t  th e  p h en o m e­
non  can b es t be ch a rac te rized  by  an  exp o n en tia l regression. The lo g arith m s 
o f th e  tim es o f th e  f irs t  ap p earan ce  o f t i t r e  decrease w ere p lo tte d  ag a in s t th e  
te m p e ra tu re  o f  tre a tm e n t. T he resu lts  are  show n in F ig . 2.

log time
tt
Ox

X

О

ДО Д2 ДД Д6 Д8 50 52 °С

F ig. 2. Loss o f h aem o ly tic  a c t iv ity  in  th e  fu n c tio n  o f tim e. 0 a n d  — — ------- tim e  o f th e
firs t d em o n s trab le  t i t r e  decrease; X  and  ----------  d isappearance  of a c tiv ity

The eq u a tio n  o f regression for th e  in itia l t i t re  decrease is

Y ' =  5.63 —  0.09 X ,

w here Y ’ is th e  base-10 lo g arith m  of tim e  in  m inutes an d  X  is th e  te m p e ra tu re  
o f  h ea t t r e a tm e n t  in °C.

A t 0.05 p ro b a b ility  level th e  confidence lim its are  — 0.05 an d  — 0.13. 
T he co rre la tio n  coeffic ien t r differs from  0 a t P  <  0.01 level, in d ica tin g  a 
good co rre la tio n  betw een  th e  v ariab les  X  an d  Y ’, even w ith  th e  re la tiv e ly  low 
n u m b er of m easu rem en ts  perfo rm ed .

The eq u a tio n  o f regression  for th e  d isappearance  of th e  h aem oly tic  a c tiv ­
i ty  is

Y '  =  6.18 —  0.10 X ,

w here th e  d im ensions of th e  values o f  X  an d  Y ’ are  th e  sam e as above and  
confidence lim its  a t  0.05 level are  — 0.05 an d  —0.15.

S im ilar to  th e  in itia l t i t r e  decrease, th e  r co rre la tion  coeffic ien t (— 0.96) 
differs from  0 a t  th e  P  <  0.01 level.
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I t  seemed im p o r ta n t  to  a sce rta in  w h e th e r th e  tw o regression  lines are 
in  fa c t parallel. As

w here  61 and b2 in d ic a te  th e  slopes of th e  regression  lines (coefficients o f X ) 
and  S d is com puted  b y  th e  form ula*

^ E rro r  SQi -|- E rro r  SQ2

“ =  SQx{n -  2)

th e  re su lt is t =  0.35, w h ich  corresponds to  P  >  0.05. T hus th e  slopes o f the  
tw o  lines do no t d iffer s ig n ifican tly , viz., th e  lo g arith m s of th e  tim e  of in itia l 
t i t r e  decrease and  of d isap p ea ran ce  of th e  h aem o ly tic  a c tiv ity  change paralle l 
in  th e  function  of te m p e ra tu re .

As the  d e te rm in a tio n s  w ere carried  o u t a t  5 -m inu te  in te rv a ls  and  t i t re  
m easu rem en ts w ere b a se d  on tw ofo ld  seria l d ilu tio n s, a still g rea te r accu racy  
o f re su lts  can be ex p ec ted  from  th e  use of m ore refined  p a ra m e te rs . The curves 
fo r changes of th e  h aem o ly sin  t i t r e  a t 42, 44 an d  46 °C on th e  one h an d  and  
a t  48 and  50 °C on th e  o th e r  differ in  ty p e  because m ore m easu rem en ts th a n  
av a ilab le  would h av e  b een  req u ired  for an  accu ra te  p lo t of th e  d isappearance  
o f haem olysin  ac tion . T h is  does n o t, how ever, a ffect th e  regression  correlations 
d em o n stra ted  in  th e  fo regoing  because th ese  ex ist b e tw een  th e  in itia l p o in t 
an d  end poin t of th e  in a c tiv a tio n  of haem olysin .

Summary

E xam inations o f th e  ce ll-bound  h aem olysin  o f E . coli show ed t h a t  haem oly tic  a c tiv ity  
d isap p ears  on h ea t t r e a tm e n t,  w hereas th e  v iab le  germ  co u n t is scarce ly  affected. In  the  
te m p e ra tu re  range from  42 to  50 °C, th e  tim e  va lues o f th e  in itia l t i t r e  decrease and of th e  
d isappearance  of the  h a em o ly tic  a c tiv ity  show ed an  e x p o n en tia l regression  w hen p lo tte d  o u t 
in  th e  function  of tim e. T he in it ia l  t i t r e  decrease a n d  f in a l d isap p earan ce  of t itre  ran  paralle l 
in  th e  transfo rm ed  sy stem .
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(R eceived M ay 9, 1973)

T he c larification  of th e  aetio logy  o f th e  tran sm issib le  g a s tro e n te ritis  
(TG E) of sw ine was soon follow ed b y  s tu d ies  on its  th e ra p y  an d  p re v e n tio n .

Sw ine w h ich  recovered  from  th e  disease acq u ire  an  active  im m u n ity , as show n b y  th e  
appearan ce  of an tib o d ies in blood an d  co lostrum  (H a elter m a n n  an d  H u t c h in g s , 1956; 
H arad a  et al., 1967; Gu a l a n d i, 1957; Sz e n t - I v á n y i et al., 1964). T he an tib o d ies  w ere 
d em onstrab le  in an im al experim en ts  (Y oung  et al., 1953) and  in  v itro  (H a elter m a n n  and  
H u t c h in g s , 1956; L e e , 1956; Ca r tw r ig h t  et al., 1964; H arada  et a l., 1967). T he co lo s tra l 
an tib o d ies  p ro te c t  p ig le ts from  T G E  b o rn  in  an  in fec ted  en v iro n m en t. I f  co lostra l p ro tec tio n  
is a b se n t, th e  n ew b o rn  anim als c o n tra c t th e  disease a n d  m an y  of th e m  die (H a elt er m a n n  
an d  H u t c h in g s , 1956; Sze n t- I v á n y i et al., 1964). To ensure  colostra l p ro tec tio n , in v e s tig a t­
ors in  v a rio u s coun tries fed to  sows exposed to  T G E  th e  in te stin es o f p ig le ts died of T G E  
(B ay  et al., 1953; Sa u n d er s  et al., 1965; B o h l , 1967; H a e l t e r m a n n , 1963). Such e x p e ri­
m en ts w ere also carried  o u t in H u n g a ry  (F e h é r v á r i, 1969).

C erta in  a u th o rs  used v iru s p ro p ag a ted  in  tissu e  cu ltu re  for th is  purpose (T h o r s e n  
an d  D ju r ik o v ic , 1970), o thers fed new born  p ig le ts w ith  whole b lood  o r serum  from  c o n v a ­
lescen t sows several tim es on th e  f irs t  days o f life (H a elt e r m a n n , 1963; N o b l e , 1964; 
Sa u n d e r s , 1964; V ishn y ak o v  an d  G o r sh ev a , 1961; D ju r ic k o v ic  an d  T h o r s e n , 1970). 
A tte n u a tio n  of th e  v irus b y  tissue cu ltu re  passages a n d  vaccine p ro d u c tio n  from  th e  a t ­
te n u a te d  s tra in  w as also a tte m p te d , using  dog k id n ey  (W e l t e r , 1965) o r swine k id n ey  
cell cu ltu res  (T h o r s e n  and  D ju r ik o v ic , 1970).

S tu d ies  on th e  behav iour in S P F  p ig le ts o f a T G E  v iru s s tra in  (C K p) ad ap ted  to  sw ine 
th y ro id  cells h av e  been  rep o rted  b y  us (Csontos a n d  Sz e n t - Iv á n y i, 1971).

On th e  basis of th e  resu lts  o b ta in ed  on a la b o ra to ry  scale, an  ex p erim en ta l 
vaccine w as p rep a red  from  th e  CKp s tra in  an d  was te s te d  in  a fie ld  tr ia l, w hich  
is th e  su b jec t o f th is  rep o rt.
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Material and Methods

Tissue cultures. P rim ary  pig k id n ey  an d  secondary  sw ine th y ro id  cell 
cu ltu res , p rep a red  as described  earlier (Csontos  an d  Sz e n t -Iv á n y i , 1971) 
were app lied .

V irus stra ins. The 42nd tissue cu ltu re  passage of th e  CK p s tra in  w as 
used for vaccine  p ro d u c tio n . The cen trifuged  su p e rn a ta n ts  of 1 : 10 organ  su s­
pensions p rep a red  from  in testin es  of p ig lets died  of TG E  w ere used for chal-
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le n g e . The in fec tious m a te ria l was p rep a red  before th e  ex p erim en ts  an d  was 
s to re d  a t —20 °C u n ti l  u sed . T he t i t r e  of th e  vaccine was 104’5— 106’5 T C ID 50/m l 
a n d  i t  was app lied  in tra n a sa lly .

Virus neutraliza tion  test. This w as ca rried  ou t in  seco n d ary  swine th y ro id  
cell cu ltu res w ith  seria l serum  d ilu tio n s.

The m ilk  w hey  w as se p a ra te d  b y  c lo ttin g . Serum  an d  w hey sam ples 
w ere  in a c tiv a te d  fo r 30 m inu tes a t  56 °C. E q u a l volum es o f v iru s co n ta in in g  
100 T C ID 5O/0.1 m l w as added to  each d ilu tio n  an d  th e  m ix tu re s  w ere in c u b a te d  
a t  37 °C for one h o u r. F in a lly  2— 3 tu b e  cu ltu res  w ere in o cu la ted  w ith  0.2 — 
0.2 m l of each d ilu tio n . T he te s t  was f in a lly  read  five days p .i.

In n o cu ity  tests

The CKp s tra in  w as carried  th ro u g h  14 passages in  p ig  k id n ey  cell cu l­
tu re s  and  su b seq u en tly  th ro u g h  27 passages in  swine th y ro id  cell cu ltu re s . 
T h e  42nd passage o f  th e  s tra in  w as te s te d  for in n o cu ity  on S P F  p ig le ts  a few 
d ay s  old (Csontos  a n d  S z en t - I v á n y i , 1971) and  on a suscep tib le  sow, w hich 
w as given in tra n a sa lly  5 m l u n d ilu te d  tissu e -cu ltu re  v iru s  im m ed ia te ly  before  
farrow ing .

V accination  V accination  of 
p ig le ts

F ig . 1. R esu lts  o f in n o cu ity  te s tin g  o f th e  vaccine s tra in

The sow show ed no sym ptom s a fte r  v acc in a tio n  an d  o u t o f th e  11 p ig ­
le ts  born  2 days la te r , only  one h ad  a sligh t d ia rrh o ea  for one d ay . B lood 
sam ples w ere ta k e n  from  th e  sow and  h e r l i t te r  a t reg u la r in te rv a ls  to  check 
th e  an tib o d y  level. T he resu lts  are  show n in F ig . 1. The ap p earan ce  o f a n t i ­
bodies in th e  b lood  of th e  p ig lets in d ica tes  th a t  th e  v iru s was excre ted  b y  th e  
sow.

The vaccine w as te s ted  in  tw o iso la ted  herds. S even ty -seven  sows w ere 
v acc in a ted  d u rin g  th e  second te rm  o f p reg n an cy . The vaccinées did n o t show  
sym ptom s.
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Im m un iza tion  experim ents

T he vaccine t r ia l  was carried  o u t in  tw o  sow herds in  w hich TG E  h a d  n o t  
occurred . The su scep tib ility  of th e  sows w as confirm ed b y  th e  serological e x ­
am in a tio n  of p rev acc in a tio n  blood sam ples. In  th e  f irs t h e rd  34 of th e  70 sow s 
w ere v acc in a ted . T hose w hich w ere due  fo r farrow ing  w ith in  3 weeks w ere 
given a single dose, th e  others received  tw o  doses a t  a 3-w eek in te rv a l. T h e  
farrow ing  o f th e  tw ice-vaccina ted  sows b eg an  tw o weeks a fte r  th e  second dose 
an d  la s ted  for a n o th e r  tw o weeks. B lood an d  co lostrum  sam ples were ta k e n  
severa l tim es from  th e  g rea te r p a r t  o f  th e  vaccinées. T he appearance  o f a n t i ­
bodies an d  t i t r e  changes are show n in  F igs 2a an d  2b.

In  th e  second h e rd  5 of 76 sows w ere v acc in a ted  on a single occasion  
(F ig . 3a), 20 tw ice a t  a 2-week in te rv a l (F ig . 3b) an d  18 tw ice  a t  a 6-w eek in ­
te rv a l  (Fig. 3c).

Challenge experim ents

In  th e  f irs t ex p erim en t, pig lets o f tw o  sows v acc in a ted  on a single occa­
sion 3 weeks before farrow ing  were le f t w ith  th e  m o th er an im als for 3 a n d  4 
d ay s, resp ec tiv e ly ; th e n  tw o piglets from  each  l i t te r  were ta k e n  to  th e  la b o ra to ry  
fo r challenge in fec tio n . Two o th e r suscep tib le  p ig lets w ere also in fec ted  
s im u ltan eo u sly  w ith  th e  form er four. O ne sow (No. 119) h ad  serum  an d  co- 
lo s tra l w hey  a n tib o d y  titre s  of 1 : 32 an d  1 : 2 respective ly , th e  o th e r (N o. 16) 
h a d  resp ec tiv e  t i tre s  o f 1 : 2 and  1 : 4 a t  farrow ing .

O ne m l of th e  s ta n d a rd  v iru le n t v iru s  w as applied  in tra n a sa lly  for c h a l­
lenge in fec tion . T he in te s tin a l flo ra  of th e  p ig le ts  was n o rm al a t  challenge.

Tw o days a f te r  challenge th e  tw o  con tro ls  and  th e  p ig le ts  of sow N o. 16 
h a d  a p ro fuse  d ia rrh o ea  and  also th e  p ig le ts  o f sow No. 119 h ad  a softer faeces 
th a n  n o rm ally . On th e  th ird  day  all p ig le ts  w ere sim ilarly  ill, some of th em  even  
v o m ited . D ea ths o ccu rred  from  th e  6 th  d a y  on. B o th  co n tro l anim als an d  one 
p ig le t o f  sow N o. 119, d ied , th e  o thers b eg an  to  im prove an d  slow ly recovered .

F o u r a d d itio n a l challenge ex p erim en ts  w ere p erfo rm ed  so th a t  th e  sows 
w ere ta k e n  to  th e  in s t i tu te  for farrow ing  a n d  th e  d ifferen t lit te rs  were in fec ted  
a t  v a rio u s po in ts  o f tim e  a fte r b ir th . L itte rs  o f sm all size w ere com pleted  b y  
p ig le ts  o f sim ilar age, from  sim ilarly  v a c c in a ted  sows. A fte r challenge, 2 o r 3 
p ig le ts  w ere iso la ted  from  th e  re st of th e  l i t te r  and  were rea red  a rtific ia lly  to  
serve as contro ls.

T he course o f th e  challenge ex p erim en ts  was n o t u n d is tu rb ed . In  one 
case in te rc u rre n t in fec tio n  by  E . coli an d  even H aem ophilus  (Fig. 4), in  a n ­
o th e r case a n  aetio log ica lly  still u n c la rified  in fectious disease (F ig. 7) ren d e re  
th e  e v a lu a tio n  d iff icu lt.

T h e  resu lts  a re  sum m arized  in F igs 4, 5 and  6, w hich show flu c tu a tio n
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in  th e  a n tib o d y  t i t r e  in  th e  blood an d  m ilk  of th e  sows and  in  th e  blood of th e  
p ig lets as well as in  th e  tim e  and  resu lts  o f challenge infec tion .

U nlike th e  f ir s t  challenge ex p erim en t, in  th e  o th e r fo u r th e  in fectious 
m a te ria l (suspension o f  s ta n d a rd  v iru le n t v iru s) was applied  b y  sm earing th e  
sow s’ abdom inal reg ion  and  tea ts .

Fig. 3a. D ynam ics o f a n tib o d y  response to  T G E  v iru s. Sows v a cc in a ted  w ith  a single dose
Serum  titre s .

Fig. 3b. D ynam ics o f a n tib o d y  response to  T G E  v iru s. Sows v acc in a ted  tw ice a t  a 2-w eek 
in te rv a l. Serum  a n d  co lo s tra l w hey  titre s .

Fig. 3c. D ynam ics o f a n tib o d y  response to  T G E  v iru s . Sows v a cc in a ted  tw ice a t  a 6 -w eek  
in te rv a l. Serum  a n d  co lo s tra l w hey titre s .
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Serum  
of sow

F ig . 4. Challenge in fec tio n  of th e  p iglets o f sow  N o. 106 vacc in a ted  tw ice a t  a 3-w eek in te rv a l. 
E x p lan atio n  to  F ig s 4 —7: d iarrhoea — Hi piglets; □ contro ls; §§ sows; +  loss

Sow
serum

о

F ig . 5. Challenge in fec tio n  o f th e  piglets o f  sow  No. 134, v acc in a ted  on a single occasion
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F ig. 6. Challenge in fec tio n  o f  th e  p iglets of sow  N o. 280 v acc in a ted  tw ice a t  a  2-week in te rv a l
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C hallenge

F ig  7. Challenge in fec tio n  of th e  p ig le ts o f sow  No. 74 v acc in a ted  tw ice  a t  a 6-week in te rv a l

In  the 4 th  in fection  ex p erim en t, th e  p ig lets w ere re in fec ted  in tra n a sa lly  
w ith  1 m l of th e  s ta n d a rd  v iru le n t v iru s suspension on th e  15 th  d ay , to  
challenge th e  im m une response developed  un d er co lostra l p ro te c tio n  (F ig. 6F).

D iscussion

On th e  basis o f th e  fav o u rab le  resu lts  o b ta in ed  in  ex p erim en ts  on S P F  
p ig lets (Csontos  and  S z e n t - I v a n y i , 1971), th e  vaccine w as te s te d  for in n ocu ity  
an d  efficacy  in  tw o h erd s  o f suscep tib le  p reg n an t sow s. P o te n c y  te s tin g  re ­
quired  a challenge in fec tion , because spon taneous T G E  did  n o t occur in  e ith er 
herd .

T he t i t re  o f th e  vaccine was 104’5— 106’5 T C ID 50/m l; th u s  w ith  th e  applied  
dose each  sow was g iven 150,000 to  15,000,000 TC ID  u n its  o f th e  vaccine  v irus.

T he vaccine p ro v ed  to  he innocuous. All th e  sows rem ain ed  w ith o u t 
sy m p to m  a fte r v acc in a tio n  an d  p reg n an cy  took  a n o rm a l course. Sow No. 134 
p roved  to  be in fec ted  b y  S m e d i  v iru s . O nly a single sow , w hich  h a d  been  vacci­
n a te d  tw o days before farrow ing , w as found  to  ex cre te  th e  v iru s . E x c e p t for 
th is  single case, th e  u n tre a te d  sows and  th e  grow ing pigs housed  to g e th e r 
w ith  th e  vaccinées d id  n o t develop serum  an tib o d ies .

Specific an tibod ies ap p eared  in  th e  serum  10 day s a fte r  v acc in a tio n . 
The t i t r e  increased  g rad u a lly  for fo u r weeks an d  rem ain ed  a t  th e  f in a l level for 
a t  leas t tw o m on ths. T he a n tib o d y  level of th e  m ilk , w hich  is essen tia l for th e  
p ro tec tio n  o f th e  p ig le ts , co rresponded  roughly  w ith  th e  serum  t i t r e  of th e  sow 
a t farrow ing . I t  d id  n o t change for tw o  days, th e n  decreased  to  a h a lf  to  one- 
e ig h th  of th e  b ir th  level d u ring  th e  su b seq u en t 2 — 3 d ays an d  rem ained  a t  
th a t  level for a t leas t 3 w eeks. T he degree of p ro te c tio n  of th e  new born  p ig lets 
depends on th e  a m o u n t o f a n tib o d y  in  th e  m ilk an d  on th e  tim e  o f th e  in fection . 
I f  th e  an tib o d y  level is h igh  an d  th e  sow has a b u n d a n t m ilk , th e  p ig lets born  
in th e  in fec ted  en v iro n m en t rem ain  h ea lth y  and  acq u ire  an  ac tiv e  im m u n ity  
u n d e r th e  p ro tec tio n  o f th e  co lostral an tibod ies (F ig . 6).
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The piglets o f  th e  im m unized  sows developed TG E  w hen  in fec tio n  occurred  
a f te r  the  second p o s tn a ta l  d ay  or w hen th e  m ilk  su p p ly  w as d iscon tinuous 
a n d /o r insu ffic ien t (F igs 4 an d  5).

A fter th e  in ta k e  of co lostrum , th e  serum  a n tib o d y  ti tre s  of th e  piglets 
rough ly  corresponded  to  th e  t i t r e  o f th e  sow ’s m ilk  on th e  f ir s t  or second day . 
T h e  serum  titre s  p e rs is te d  a t  th e  sam e level for 1— 2 w eeks. H ow ever th e  m a ­
te rn a l antibodies o f th e  p ig le ts ’ serum  p lay  no role in  p ro te c tio n . T he only w ay 
o f  disease p rev en tio n  is th e  in h ib itio n  of v iru s p e n e tra tio n  in to  th e  in te s tin a l 
ep ithe lia l cells. T his can  be ach ieved  i f  th e  lum en  of th e  a lim e n ta ry  tr a c t  con­
ta in s  antibodies w h ich  will n eu tra liz e  th e  ingested  v iru s  before  i t  has a chance 
to  becom e adsorbed  to  th e  ep ith e lia l cells o f th e  sm all in te s tin e . T hus a con­
tin u o u s  supply  o f m a te rn a l a n tib o d y  is req u ired  to  p re v e n t T G E  and  lack or 
d isco n tin u ity  o f th e  su p p ly  can  be held  responsib le  for th e  su scep tib ility  o f 
th o se  piglets w hich h a d  been iso la ted  from  th e  sow a fte r  th e  in ta k e  o f th e  f irs t 
co lostrum  or h ad  b een  in fec ted  a t  a tim e  w hen e ith e r  th e  a n tib o d y  con ten t 
o f  th e  m ilk or th e  m ilk  p ro d u c tio n  of th e  sow w ere low  (Figs 4 an d  5). This 
can  also account for th e  fa ilu re  o f earlier tr ia ls  to  p ro te c t th e  new born  piglets 
w ith  convalescent se ru m . T he p resen t find ings accord  well w ith  th e  re la ted  
observations of H a e l t e r m a n n  an d  H ooper  (1967) an d  D ju r ic k o v ic  and 
T h o r se n  (1970).

I t  also follows from  th e  resid ts  th a t  TG E  can occur am ong  th e  piglets 
o f  v acc ina ted  or im m u n e  sows if  th e  colostral a n tib o d y  level is low  a t th e  onset 
o f  th e  ou tb reak .

We m ade e ffo rts  to  envolve an  o p tim al v acc in a tio n  schedule  for the  
sow s. As m entioned  in  th e  foregoing, e ith er a single dose, or tw o  doses a t dif­
fe re n t tim e in te rv a ls , w ere ad m in is te red . The tw o-dose schedule  a t  an  in terval 
o f 6 weeks induced  th e  h ig h est a n tib o d y  response. T he lo g arith m s of th e  a n ti­
b o d y  titre s  are show n in  T ab le  I .

Table I

A verage serum  a n tib o d y  titre s  (log2 values) of sows vacc in a ted  on d iffe ren t schedules

Schedule of 
vaccination

V ac c in a tio n
in te r v a l

w eeks

Blood sam p les  ta k e n  a t

2 3 4 6 8

w eeks a f te r  v a c c in a tio n

Single dose

I — 2.93

II — 1.75 2.80

Two doses

i n 3 1.00 2.70 4.40 4.45

IV 2 2.30 4.90

V 6 3.00 3.00 6.60
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T he an tib o d y  t i t r e s  ob tained  b y  th e  above v acc in a tio n  schedule co rre ­
sponded  to  those found  in  th e  sows’ b lo o d  a fte r  n a tu ra l T G E  v irus in fection . 
T he f irs t  vaccination  fa iled  to  evoke a n  im m une response in  several cases, 
ow ing e ith e r to  tech n ica l e rro r or to  in d iv id u a l v a ria tio n s in  responsiveness. 
I t  shou ld  be no ted  th a t  th e  vaccine m u s t reach  th e  p h a ry n g ea l cav ity  to  be ef­
fec tiv e .

T he experim ents show ed again t h a t  young  suckling  p ig le ts  can  easily  
be im m unized  against T G E . As the  v acc in e  does n o t cause sy m p to m s i f  given 
w ith in  several days a f te r  b ir th , ac tiv e  im m u n iza tio n  of th e  suck ling  p ig lets 
m ay  also be tak en  in to  consideration  in  th e  exposed herds.

S u m m ary

V accination  ex p erim en ts  were perfo rm ed  w ith  th e  TG E  v irus, C K p s tra in , w hich  h ad  
p rev io u s ly  been  carried  th ro g h  42 tissue c u ltu re  passages (15 in  pig k id n ey , 27 in  pig th y ro id  
cell cu ltu res). A to ta l  o f  77 p re g n a n t sows o f tw o  h erd s were v acc in a ted  3— 10 weeks before 
th e  e x p ec ted  tim e of fa rro w in g . P a r t  of th e  sow s w ere v acc in a ted  on  one occasion, p a r t  
tw ice , a t  an  in te rv a l of 2, 3 o r  6 weeks w ith  5 m l v iru s suspension on each  occasion, by  th e  
in tra n a s a l rou te.

T he vacc ina ted  an im als  show ed no sy m p to m s . O nly a single sow  ex cre ted  th e  v irus. 
T h is h a d  te e n  vacc ina ted  im m ed ia te ly  before fa rrow ing . I ts  p ig lets h a d  h igh  serum  levels of 
n eu tra liz in g  an titod ies. T he vaccine s tra in  p ro v e d  to  be en tire ly  innocuous on ap p lication  
to  suck ling  piglets.

T he appearance a n d  t i t r e  flu c tu a tio n s o f  an tib o d ies  in  serum  a n d  m ilk  were checked 
b y  v iru s  n eu tra liza tio n  te s ts  several tim es a f te r  v acc in a tio n  and  farrow ing . The o p tim al 
v a cc in a tio n  schedule p ro v ed  t  be  tw o doses a t  a  6-w eek in te rv a l, b u t  h igh  serum  an d  colostra l 
a n tib o d y  levels were fo u n d  w hen  th e  two doses w ere adm in istered  a t  a  2-w eek in te rv a l.

T he efficiency of th e  vaccine was te s te d  b y  challenge in fec tion  o f p ig le ts fa rrow ed 
b y  th e  v acc in a ted  sows. I t  w as found  th a t  o n ly  a  con tinuous su p p ly  o f an tib o d y -co n ta in in g  
co lo s tru m  and  sow’s m ilk  can  p ro te c t the  n ew b o rn  p ig le ts from  T G E  in an  in fec ted  en v iro n ­
m en t. P ig le ts ap p ro p ria te ly  su p p lied  w ith a su ffic ie n t a m o u n t of m a te rn a l an tib o d ies  th o u g h  
th e  m ilk  rem ained  h e a lth y  in  th e  infected p rem ises an d  even acq u ired  an  active  im m u n ity  
u n d e r  co lostra l p ro tection .
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VACCINATION EXPERIMENTS AGAINST 
TRANSMISSIBLE GASTROENTERITIS (TGE)

OF SWINE

I I .  P E R S IS T E N C E  O F PO ST V A C C IN A T IO N  T IT R E S  A N D  T H E  
A N T IB O D Y  R E S P O N S E  TO R E V A C C IN A TIO N

B y

J . B e n y e d a , E . Mo csári  and E rzséb e t Sá g h y

D e p a r tm e n t o f E pizootio logy , U n iv ersity  o f  V e terin ary  Science (H ead : J .  Mészá ro s), 
an d  C entral V e te rin a ry  In s t i tu te  (D irec to r: A. Vá n y i), B u d a p es t

(R eceived M ay  9, 1973)

E x p e rim en ta l v acc in a tio n  of sows in  tw o  h erd s susceptible to  T G E  v iru s w ere described 
in  a  p rev io u s p ap er (Csontos e t  ab , 1974).

T his p ap er is a re p o rt on th e  p ers is ten ce  of the  p o stv acc in a tio n  a n tib o d y  
t i t r e s  a n d  on th e  a n tib o d y  response to  revaccination .

Material and Methods

T hese were th e  sam e as described  in  th e  f irs t p ap e r o f th is  series an d  in  
o th e r  p ap ers  re la ted  to  th e  top ic  (Cso n t o s  and  Sz en t-Iv á n y i , 1971; Csontos  
et a l., 1973; Csontos et al., 1974).

D eterm ination o f  the persistence o f  the postvaccination antibody levels

T he incidence of T G E  in the  h e rd s  during  the  s ix -m on th  period  follow ­
ing th e  basic  im m u n iza tio n  was ex c lu d ed  b y  a serological ex am in a tio n  o f th e  
n o n v a c c in a ted  contro l sows. Blood sam ples were th en  collected  from  45 of th e  
77 sow s o f th e  tw o exp erim en ta l herds (A  and  B) v acc in a ted  six  m o n th s earlier 
on fo u r d iffe ren t schedules: e ith er a sing le  dose was ad m in is te red , or tw o doses 
a t  an  in te rv a l of 2, 3 or 6 weeks (Cso n t o s  et al., 1974) an d  a n tib o d y  levels 
w ere de te rm in ed  by  v iru s  n e u tra liz a tio n  te s ts .

D eterm ination o f  the antibody responses to revaccination

T he 45 sows of herds A and  В w ere  d iv ided in to  th re e  g roups. Sows o f 
g roup  I  (15 anim als) w ere n o t re v a c c in a te d  to  serve as con tro ls , th o se  of group 
I I  (16 an im als) were rev acc in a ted  once on  th e  day  of b lood sam pling  to  d e te r ­
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m ine th e  p o stv acc in a tio n  an tib o d y  levels and  th o se  o f g roup  I I I  (14 anim als) 
w ere revaccinated  tw ice , viz., on th e  d ay  o f b lood  sam pling  and six w eeks 
la te r . Four and te n  w eeks a fte r rev acc in atio n , b lood  sam ples were rep ea ted ly  
co llected  from  th e  sows of all th ree  groups and  th e  sera  were exam ined  fo r 
a n tib o d y  level b y  v iru s  n eu tra liza tio n  te s ts .

Results

The persistence o f  the postvaccination antibody levels is show n in F igs 1 
a n d  2. Sows of h e rd  “ A ”  (F ig. 1) h ad  been v acc in a ted  h a lf  a y ea r earlier e ith e r  
on a single occasion, o r tw ice a t an  in te rv a l o f 3 w eeks. Sows of herd  “ B ”

F ig . 1. Persistence of a n tib o d y  titre s  in sows of herd  “ A ” , v a cc in a ted  once or twice a t  a  3- 
w e ek  in terval. □ t i t r e  im m e d ia te ly  a fte r v acc in a tio n ; ffl t i t r e  6 m o n th s a fte r  vacc in a tio n

Sow no.

F ig. 2. Persistence o f a n tib o d y  titre s  in sows o f herd  “ B ” , v acc in a ted  w ith  one dose or w ith  
tw o  doses given a t  a 2-w eek or a 6-week in te rv a l. □ t i t r e  im m ed ia te ly  a fte r  v acc ina tion ;

II t itre  6 m on ths a fte r  v acc in a tio n
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(F ig . 2) h ad  o rig inally  been v a c c in a ted  d u rin g  th e  sam e p erio d , e ither on a 
single occasion or tw ice , a t an in te rv a l o f  2 or 6 weeks. T he e m p ty  colum ns o f 
th e  figures show th e  a n tib o d y  levels a tta in e d  a fte r basic im m u n iza tio n , w hereas 
th e  h a tch ed  colum ns show  th e  levels fo u n d  h a lf  a y ear la te r .

Antibody responses to revaccination  can  be seen in Figs 3, 4 an d  5. In  th is  
in s tan ce  th e  d a ta  o f th e  sows of b o th  herds were pooled. T he a n tib o d y  levels 
o f sows im m unized  h a lf  a year ea rlie r an d  non v acc in a ted  again  are show n 
in  F ig . 3, those o f sows rev acc in a ted  on a single occasion in  F ig . 4 and  those  
o f sows rev acc in ated  tw ice a t an in te rv a l o f 6 weeks in  Fig. 5. T he th ree  colum ns 
above each ea rm ark  n u m b er re p re se n t th e  a n tib o d y  levels fo u n d  on th e  d ay  
o f rev acc in atio n  a n d  four and  te n  w eeks th e rea fte r .

Titre

512 - 
256 - 
128 -

67 74 78 85 95 152 156 260 323 329 330

Sow no.

Fig. 3. F lu c tu a tio n  of an tib o d y  titre s  in n o n re v ac c iu a te d  sows. Щ an tib o d y  level on th e  d ay  
of rev acc in a tio n ; У2. a n tib o d y  level 4 w eeks a f te r  rev acc in a tio n ; ■  a n tib o d y  level 10 weeks

a fte r  re v ac c in a tio n

Sow no.

Fig. 4. A n tibody  titre s  o f  sows rev accin a ted  once. | | |  a n tib o d y  level on th e  d a y  of revacci­
n a tio n ; Щ an tib o d y  level 4 w eeks a fte r re v ac c in a tio n ; ■  an tib o d y  level 10 weeks a fte r re ­

v a cc in a tio n
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Titre

Sow no.

Fig. 5. A ntibody  titre s  o f sows rev accin a ted  tw ice  a t  an  in te rv a l o f 6 weeks, 01 a n tib o d y  level 
on  th e  day of re v acc in a tio n ; ^  an tib o d y  level 4 weeks a fte r revaccina  tio n ; ■  a n tib o d y  level

10 weeks a f te r  revaccina tion

Discussion

Since, a t  th e  tim e  o f th e  closing o f th e  ex p erim en t, T G E  had  n o t occurred  
in  th e  tw o herds, n o t  even  am ong th e  n o n v acc in a ted  suscep tib le  an im als, th e  
serum  an tib o d y  t i t r e s  o f  th e  im m unized  sows found six  m on th s a fte r th e  basic  
v acc in a tio n  w ere due  to  th e  im m u n iza tio n . The ti t re s  differed  m arked ly , d e ­
p en d in g  on th e  schedu le  of im m u n iza tio n . The m ean  ti t re s  of th e  sows given 
a single dose of th e  vaccine  were m uch h igher th a n  im m ed ia te ly  a fte r im m u n i­
za tio n . The titre s  o f th e  sows v acc in a ted  tw ice a t  a 2-w eek in te rv a l p e rs is ted  
a t  th e  original level, w hereas those of th e  anim als v a cc in a ted  tw ice a t  an  in te r ­
v a l o f 3 or 6 w eeks fell sligh tly  an d  m arked ly , resp ec tiv e ly . The num erica l 
ev a lu a tio n  of th e  re su lts  is shown in  T ab le  I.

Table I

Persistence of an tib o d y  titre s  in groups of sows vacc ina ted  a t  d ifferen t tim e in te rv a ls

Sows

iog2 titre

attained after 
vaccination

6 months 
after vaccination

V accinated  on  a single occasion 2.40* 4 .6 7

V accinated  tw ice  a t  an

in te rv a l o f  2 weeks 4 .8 7 * * 4 .7 4

3 weeks 4 .6 6 * * * 3 .7 7

6 weeks 5 7 5 * * * * 2.50

E xp lanation : * 4 w eeks a fte r vacc ina tion ; ** 2 w eeks a fte r  th e  second v acc ina tion ;
*** 1 week afte r th e  second vaccination; **** Ю days a fte r  th e  second vaccination
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The higher t i t re s  fell more m a rk e d ly  th a n  th e  low er ones. I t  is o f in te re s t 
t h a t  th e  an tib o d y  levels of th e  sow s v acc in a ted  on a single occasion d id  n o t 
decrease in any  case; a single sow h a d  an  unchanged  t i t r e ,  a ll o thers show ed 
an  increase . F u r th e r  in v estiga tion  w o u ld  be necessary  to  d iscover th e  cause 
of th is  phenom enon.

The degree of t i t r e  increase a f te r  revacc ination  dep en d ed  on th e  p re ­
rev acc in a tio n  a n tib o d y  level. L ow er a n tib o d y  titre s  increased  m ore m arked ly  
th a n  th e  higher ones. A slight rise in  t i t r e  was also observed  in  sows n o t re ­
v a c c in a ted  six m o n th s following th e  basic  im m uniza tion . Im m u n e  response 
w as n o t n o tab ly  b e tte r  in  the  case o f  re p e a te d  revacc inations th a n  in  th e  case 
of a single one. The resu lts  are su m m arized  in T able I I .

T ab le  II

Changes of a n tib o d y  t i t r e  a fte r revaccination

Sows

log2 titre

on th e  day  of 4 weeks after 10 weeks after

revaccination

Non revaccinated 3.91 5.00 4.91

R evaccinated  once 4.15 6.00 6.00

R evaccinated  twice 3.60 6.90 7.60

T h e aim  of th e  experim en ts w as to  fin d  the  op tim al v acc in a tio n  schedule 
w hich  w ould ensure th e  persistence o f  th e  an tib o d y  t i t re  a t a sa tis fac to rily  
h igh  level for a long tim e  a fte r im m u n iza tio n . Two doses of vaccine  ad m in is te red  
a t  a 2-w eek in te rv a l seem ed to  m e e t th is  req u irem en t, because  fa irly  
h igh  average  an tib o d y  levels ap p eared  a fte r  th e  basic im m u n iza tio n  an d  these  
ch an g ed  b u t  little  w ith in  h a lf a y e a r . In  sp ite  of th is , th e  fa c t rem ains, th a t  
tw o doses of vaccine, given a t an in te rv a l  o f six weeks, in d u ced  a h ig h er a n t i ­
b o d y  response th a n  th e  a fo rem en tioned  schedule. As o u tb reak s  of T G E  occur 
only  in  a given period  o f th e  y ear a n d  as a firm  p ro tec tio n  o f th e  new born  
p ig le ts  can  only be ensu red  by  a h ig h  a n tib o d y  con ten ts of th e  co lostral and  
sow ’s m ilk , we have th e  in ten tio n  to  c a rry  ou t a m ore d e ta iled  ex am in a tio n  
o f th e  persistence of an tib o d y  levels o b ta in e d  a fte r th e  six-w eek im m u n iza tio n  
schedu le  an d  to  d e te rm in e  the  p o in t o f  tim e  w hen th e ir  decrease begins.

E x am in a tio n s a fte r  rev acc in a tio n  show ed th a t  th e  a n tib o d y  levels p e r­
s isting  six  m onths a f te r  th e  basic im m u n iz a tio n  could be b ro u g h t to  a high 
m ean  level b y  a single rev acc ination . Sow s w ith  th is  high a n tib o d y  level p ro ­
v ide a firm  p ro tec tion  for th e ir  p ig lets b o rn  in  th e  critical period  of T G E  o u t­
b reak s  th ro u g h  th e  high an tib o d y  c o n te n ts  o f colostrum  and  m ilk .
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Summary

Sows exp erim en ta lly  v a cc in a ted  against T G E  h a lf  a y e a r ea rlie r  w ere exam ined  for th e  
p e rsis ten ce  of serum  a n tib o d y  titre s  and for t i t r e  changes a f te r  a  su b seq u en t revaccination .

The sows orig inally  v a c c in a te d  once show ed an  average  rise b y  2.27 lo g , u n its  com pared 
to  th e  original m ean t i t r e .  T h e  an tib o d y  levels o f an im als v a cc in a ted  tw ice  a t  an in te rv a l o f 
tw o  w eeks showed b u t  s lig h t changes over th e  p e rio d  of six m o n th s . T he ti t r e s  o f sows tw ice 
v a cc in a ted  a t 3- and  6 -w eek  in te rv a ls  fell b y  0.89 a n d  3.25 lo g 2 u n its , respectively . H igher 
p o stv acc in a tio n  titre s  fell m o re  m arked ly  th a n  th e  lower ones.

T itre  rise a fte r  re v a c c in a tio n  depended on th e  an tib o d y  leve l ex is tin g  six m on ths a f te r  
b asic  im m unization . L ow  t i t r e s  rose m ore m ark ed ly  th a n  th e  h ig h er ones. T he resu lts ob ta in ed  
b y  a  single or by re p ea te d  revacc in a tio n s d id  n o t n o tab ly  d iffer fro m  one ano ther.

I t  is concluded t h a t  th e  persistence of th e  p o stv acc in a tio n  a n tib o d y  level can b est be 
ach ieved  w ith  two doses o f  vacc ine  adm in iste red  a t  an  in te rv a l o f tw o  weeks and  th a t  r e ­
v a cc in a tio n  w ith  a single dose  a fte r  h a lf a y ea r gives rise to  a fa ir ly  h igh  m ean  an tib o d y  level.
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STUDIES ON THE COCCIDIA OF THE DOMESTIC CAT. 
I  SO SPORA NOV OC A T  I  SP. N.

B y

L. P e l l é r d y

D e p artm en t o f P a rasito lo g y  (H ead : P rof. T. K o b u l e j).,
U n iv e rs ity  o f V e te r in a ry  Science, B u d ap est

(Received J u n e  20, 1973)

R em ark ab ly  enough , the  coccidia o f th e  dom estic ca t are n o t know n in  
fu ll d e ta il, a lthough th is  anim al lives in  th e  im m ed ia te  su rround ings of m a n . 
T he b e s t know n feline coccidium  Isospora fe lis  (W asielew ski, 1904) W enyon,. 
1923 is p ro b ab ly  th e  on ly  of its k ind w h ich  can  be d iffe ren tia ted  w ith  c e r ta in ty  
from  all o th e r isosporas o f th e  ca t an d  dog, due to  th e  ch a rac te ris tic  shape and  
u n u su a lly  large size o f its  oocysts. The ch a rac te riza tio n  of th e  o th e r feline cocci­
d ia  is u n ce rta in , because species d iffe ren tia tio n  b y  oocyst m orpho logy  is d if­
f ic u lt or, even im possible.

N e x t in  frequency  to  Isospora fe lis  is Isospora rivolta (G rassi, 1879) W enyon , 1923, 
b u t ,  accord ing  to  several a u th o rs , th is is n o t exclusively  a ca t coccidium , occurring  in o th er 
Felidae  an d  in  th e  fam ily  C anidae  as well, a t  le a s t  as ju d g ed  on th e  basis o f oocyst m orphology. 
Since coccid ia  are generally  ch aracterized  by  a  s tr ic t  h o st specificity , one c an n o t help  to  feel 
scep tica l ab o u t th e  alleged id e n tity  of the  feline an d  canine Isospora rivolta species.

T he less freq u en t c a t  coccidium  Isospora bigemina  (S tiles, 1891) L ü h e, 1906 was 
re p o rte d  to  have  been fo u n d  in  th e  faeces of th e  dog, com m on red  fox (V u lp es  vu lpes)  and  pole 
c a t (M u ste la  pu lorius)  as well. T he a lte rn a te ly  po sitiv e  and  negative  re su lts  o f several ex ­
p e r im en ta l infections ren d ered  th e  v a lid ity  o f th e  species u n c e rta in  u n til  i t  w as d e m o n s tra ted  
t h a t  th e  spherica l or e llip tic  oocysts w ith  a m ax im u m  d iam e te r o f 10— 14 p  are a c tu a lly  Toxo­
p lasm a  oocysts, a t  least in  th e  feline host. C e rta in  observers classified also la rg e r oocysts, 
18— 20 b y  14— 16 p  in size, as Isospora b igem ina; th ese  oocysts co n ta in  tw o sp o rob lasts or 
sp o rocysts w hen passed an d  hav e  a th in  w all w h ich  soon becom es puckered  an d  associates 
closely w ith  th e  sporocysts. W e n y o n  h im self (1926) w ondered  ab o u t th is  find ing  an d  concluded 
t h a t  m ore  th a n  one species h a d  been  classified as Isospora bigem ina  in  th e  descrip tions.

R a il l ie t  and  Lu c et  (1891) described C occidium  bigem inum  va r. cati from  c a t su ppos­
ing C. bigem inum  was specific  p a rasite  o f th e  dog.

A p a rt  from  th e  foregoing th ree  Isospora  species, several eim eriae hav e  b een  described 
fro m  th e  dom estic  cat. O u t o f  th em  E im eria cati Y akim off, 1933, was re p o rte d  to  hav e  been 
fo u n d  in  th e  faeces of th e  ju n g le  ca t (F elis  chaus)  and  E im eria  fe lin a  N ieschulz , 1924, in 
th a t  o f th e  lion  ( Panlhera leo) .  P ro b ab ly  th e se  e im eriae  were n o t genuine p a ra s ite s  o f the  
above h o sts, b u t belonged specifically  to  o th e r  an im als , w hich had  been  ea ten  b y  th e  carn i­
vores, a n d  these passed th e  “ foreign”  oocysts w ith  th e ir  faeces.

A p a r t  from  the  above coccidia no o th er E im er ia  or Isospora  species have been  described 
from  th e  dom estic  cat.

Experimental

In  th e  course o f th e  Toxoplasma  in v es tig a tio n s  on ca ts  an d  m ice, feline 
coccidia w ere stud ied  in  g rea t detail, in c lu d in g  th e  new  species w hose descrip ­
tio n  is fo rthcom ing . The positive  resu lts o f  six  in fection  experim en ts perfo rm ed
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on cats w ith  sp o ru la te d  oocysts o f th e  new  species c learly  show ed th a t  th e  
la t te r  is in fac t a p a ra s ite  of th e  dom estic  ca t. U n fo rtu n a te ly , its  endogenous 
developm ent could  n o t be s tu d ied  for lack  of p u re  s tra in s  and  coccidium -free 
ca ts .

Isospora novocati sp . n.*

S ynonym : Isospora rivolta (G rassi, 1879) W enyon , 1923, p ro  p a rte .
The oocysts are  round  or su bspherica l; ro u n d  oocysts are 2 4 —30 p  

(average: 27 p )  in  d iam e te r, th e  sh o rt e llip tic  ones m easu re  22— 30 b y  21—-27 p  
(average: 26 b y  24 p). The w all is sm o o th , lig h t-co lou red , 1— 1.5 p  th ick  and  
b ilayered . B eing n o t  strong , i t  p u ck ers  in  h y p e rto n ic  so lu tions in  ab o u t one 
hour. The oocyst w all bears no m icropy le .

The oocysts are  passed in  an  u n sp o ru la te d  s ta te . T he sporon t is found  
in  an eccentric  p o s itio n  w ith in  th e  oocyst w all. S po ru la tio n  tak es  1-—2 days 
a t  room  te m p e ra tu re .

On sp o ru la tio n , th e  sporocysts are  sy m m etrica lly  a rran g ed , para lle l to  
th e  long itu d in a l ax is o f th e  oocyst. T h ey  are b ro ad  e llip tic , 15 by  12 p  in  size 
and  do n o t b ea r a S tieda  body . N e ith e r  po la r b o d y , n o r oocyst residuum  is 
p resen t in  th e  o o cyst. A coarsely  g ran u la r  sporocystic  residuum  lies be tw een  
th e  b an an a -sh ap ed  sporozoites.

In  in fec tion  ex perim en ts p erfo rm ed  a t  d iffe ren t tim es on a to ta l  o f six  
young , ab o u t 2 m o n th s  old, ca ts  th e  oocysts ap p eared  in  th e  faeces 5 days 
a fte r  th e  single in fec tio n  and  th e ir  n u m b er increased  rap id ly  from  th e  7 th  d ay  
on. The in fec tion  la s te d  5— 6 w eeks in  th e  ca ts  w hich could n o t fu lly  be p ro ­
te c te d  from  re in fec tio n , suggesting  th a t  th e  im m u n e  response was e ith e r  w eak  
or absen t.

A fter th e  closing of the  ex p e rim en t, th e  ca ts  w ere k illed. The presence 
of oocysts in  th e  ileum  showed th a t  th e  endogenous developm ent of Isospora  
novocati tak es  p lace  in  the  a n te rio r  p o rtio n  o f th e  sm all in te s tin e , e ith er in th e  
duodenum  or in  th e  je ju n u m .

Host sp ec ific ity . The n eg a tiv e  resu lts  o f in fec tion  experim en ts on fo u r
2-m onth-o ld  p u p p ie s , free from  an y  k in d  of coccid ium , show ed th a t  Isospora  
novocati is n o t tra n sfe ra b le  to  dog. T he ex p e rim en ta l in fection  w as follow ed 
up by  coprological exam ina tions, f ir s t  da ily , la te r  a t  in te rv a ls  of 3 —4 d ay s , 
over an o b se rv a tio n  period of one m on th .

Pathogenicity. The ex p erim en ta lly  in fec ted  ca ts  passed  oocysts in  in ­
creasing n u m b ers  from  th e  6 th  d ay  on. The ca ts  developed  a d ia rrh o ea  1 —2 
days before th e  excre tion  of oocysts reached  m ax im um , b u t th e  sy m p to m s 
subsided w ith  th e  decline of oocyst d ischarge.

* As D u b e y , M il l e k  and  F r e n k e l  (1970) suggested  th e  nam e Isospora cati — a lth o u g h  
only as a  nomen dub iu m  — for th e  d esig n atio n  of R a il l ie t  an d  L u c et’s (1891) Coccidium  
bigem inum  va r. cati. I h a d  b e tte r  o m it th is  den o m in a tio n  to  p re v en t confusion.
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Fig. 1. T op: F o u r  Isospora novocati sp. n. oocysts in  d ifferen t stages of spo ru la tio n . X 1000; 
B o tto m : Isospora bigemina (T oxoplasm a) o o cy sts show n for com parison. XlOOO

D iscussion

T he oocysts of Isospora fe lis  are a lm o st tw ice as large as those o f Jso- 
spora novocati, w hereas those o f Isospora bigem ina  ( =  Toxoplasm a) are m uch  
sm aller, th u s  only  th e  d iffe ren tia tion  from  Isospora rivolta is exp la ined  here 
in  d e ta il. Isospora rivolta had  o rig inally  been  found in, an d  was described  
from , th e  dog. W e n y o n  (1926) gave th e  d im ensions of th e  oocysts as 2 0 —25 b y  
15— 20 /t, an d  described  th em  as oval, w ith  a sm ooth , 0.8 p  th ick  w all co n sis t­
ing  of a single lay e r. Several au th o rs , in c lu d in g  m yself, observed th a t  th e  w all 
o f th e  can ine Isospora rivolta oocysts soon becom es puckered  and  associates 
closely w ith  th e  sporocysts, w hence th e  oocysts assum e a dum bbell-shape . 
W hen  th e  cy s t w all d isrup ts, free spo ro cy sts  can  appear in  th e  faeces.
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The oocysts o f  th e  feline coccidium  reg ard ed  as Isospora rivolta d iffer 
from  th e  co rrespond ing  stages of th e  hom onym ous can ine  coccidium  in sev era l 
m orphological fe a tu re s . The oocysts of th e  feline Isospora  are round  or sh o rt 
e llip tic  ra th e r  th a n  o v a l and do n o t ta p e r  a t  one end. Also, th ey  are la rg e r 
th a n  th e  canine Isospora  rivolta oocysts an d  th e ir  w all is a p p a re n tly  s tro n g e r, 
as dum bbell-shaped  oocysts are ra re ly  en co u n te red  in  c a t faeces. S im ilar o b ­
se rva tions were m a d e  b y  S hah  (1970), w ho, how ever, s till regarded  th e  “ e llip s­
oid to  som ew hat o v o id ”  oocysts from  th e  c a t 21— 28 b y  18—23,«  (m ean : 
25 b y  21.1 ц) in  size , as Isospora rivolta.

The n eg a tiv e  re su lts  o f a few in fec tion  ex perim en ts have  affirm ed  th e  
h o s t specificity  o f  fe line and  canine Isospora  species. Isospora rivolta h a d  
orig inally  been fo u n d  b y  Grassi in th e  dog an d  la te r  observers classified th e  
Isospora  of th e  c a t in to  th e  sam e species, m ere ly  on th e  basis of m orphological 
s im ila rity . Ma h r t  (1965; cit. S h a h , 1970) fa iled  to  in fec t th ree  young  c a ts  
w ith  oocysts o r ig in a tin g  from  dog. S h a h , a lth o u g h  he did n o t regard  Ma h r t ’s 
resu lts  as conclusive, in fered  from  th em  th a t  th e  Isospora rivolta  s tra in s o ccu r­
rin g  in  cats are  n o t  th e  sam e as th o se  occurring  in  dogs.

Am ong th e  e a r lie r  stud ies m en tio n  shou ld  be m ade of th e  neg a tiv e  cross 
in fection  ex p e rim en ts  rep o rted  by  B öhm (1923). This a u th o r  failed to  tra n s fe r  
Isospora  species fro m  dog to  ca t an d  vice versa.

A part from  Isospora  rivolta , Isospora fe lis  w as used b y  several in v e s tig a ­
to rs  for tra n s in fe c tio n  experim en ts on dogs, w ith  in v a riab ly  negative re su lts . 
T ak ing  in to  c o n s id e ra tio n  th e  shape an d  size of Isospora fe lis  oocysts, w h ich  
ch a rac te ris tic a lly  d iffe ren tia te  th em  from  th e  correspond ing  stages of o th e r  
feline isosporas, th e re  is reason  to  su spec t th a t  th e  sporad ic  positive re su lts  
o f tran s in fec tio n  ex p e rim en ts  m ay  h av e  been  based  on erroneous observ a tio n s. 
T he oocysts o f th e  can ine Isospora rivolta  an d  o f th e  feline Isospora novocati, 
described in th is  p a p e r , scarcely d iffer m orpho log ically  an d  th e ir  d iffe ren tia tio n  
requires ten ac io u s w ork . As to  earlie r s tu d ies  i t  can  be said (P e l l e r d y , 
1965) th a t  th e  co n d itio n s of ex perim en ts w ere n o t q u ite  w h a t th e y  shou ld  
have  been; in su ff ic ie n t considera tion  w as g iven  to  th e  exp erim en ta l a n im a l’s 
possible im m u n ity  a n d  in  ev a lu a tin g  th e  re su lts  o f th e  experim en ts e x ag g e r­
a ted  im p o rtan ce  w as a tta ch ed  to  th e  ou tcom e o f observations in  th e  f ie ld .

In  th e  p re s e n t experim en ts, Isospora rivolta-like oocysts from  th e  c a t 
w ere no t tra n s fe ra b le  to  four young  dogs, w hich h ad  been free from  any  cocci- 
d ia prior to  e x p e rim e n ta l in fection . In  v iew  of th is  fin d in g  and on th e  basis  
o f th e  foregoing considera tions i t  seem s ju s tif ie d  to  reg ard  th e  sim ilar oocysts  
occurring in  c a t a n d  dog as stages o f tw o in d ep en d en t species. P re su m p tio n  
of d ifferent s tra in s  o r subspecies w oidd be un fo u n d ed  in  th e  case of coccidia. 
As Isospora rivo lta  w as orig inally  described  from  th e  dog, i t  seems co rrec t to  
classify the  s im ila r , b u t  b y  no m eans id en tica l, c a t coccidium  as an in d e p e n d ­
e n t species, u n d e r  th e  nam e Isospora novocati.
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Summary

A coccid ium  o f th e  dom estic  e a t (F e lis  ca tus), is described u n d e r  th e  nam e Isospora  
novocali sp. n. I t  resem bles to  a certa in  degree th e  Isospora rivolta o f th e  dog, b u t has severa l 
well defineab le  d iffe ren tia tin g  featu res . The oocysts are ro u n d  or e llip tic ; th e  ro u n d  ones 
are 24—30 fi in  d iam e te r , th e  e llip tic  fo rm s m easu re  22 — 30 b y  21— 27 // . S poru la tion  tak e s  
1 — 2 days a t  room  te m p e ra tu re , th e  p re p a te n t  period  is 6 days. E x p e rim en ta l in fec tion  of 
young  dogs w ith  th e  sp o ru la ted  oocysts fa iled . A m assive ex p erim en ta l in fection  e lic ited  
a tem p o ra ry  d ia rrh o ea  in  cats.
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A STUDY OF GASTRIC ACID PRODUCTION IN PIGS 
IN RELATION TO EARLY WEANING
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F . K u t a s  a n d  J .  S z a b ó *

D e p a rtm en t of Physio logy (H ead : f  P ro f. A. K e m é n y ), U n iv ersity  o f V e te rin a ry  Science an d  
P h y la x ia  In s t i tu te  o f V e te rin a ry  B iologicals an d  F eed stu ffs  (D irec to r: J .  M olnár), B u d ap est

(R eceived  Ju n e  25, 1973)

H ydroch lo ric  acid is an  essen tia l fac to r in  th e  p e p tic  d igestion  of m am ­
m als. I ts  m ain  role is th e  a c tiv a tio n  o f pepsinogen in th e  s to m a c h . In  ad d itio n , 
hyd roch lo ric  acid ac ts  as an  a n tise p tic  agen t: th e  ac id  p H  is un favourab le  
to  th e  g row th  o f m icroorgan ism s in th e  stom ach . C o n seq u en tly , the  gastric  
fe rm en ta tio n  of c a rb o h y d ra tes  as w ell as th e  p u tre fa c tiv e  processes are in ­
h ib ited . The gastric  acid  b a rr ie r  o f th e  stom ach  also a id s in  th e  p reven tion  of 
b o d y  in fections. C onsidering th e  role an d  im portance  o f h y d ro ch lo ric  acid in 
th e  organism , i t  is qu ite  u n d e rs ta n d a b le  th a t  several p a p e rs  h av e  appeared  
in  th e  p a s t concern ing  th e  in a d e q u a c y  o f hydroch lo ric  ac id  secretion  in th e  
sto m ach  of sucking  pigs.

Cu n n in g h a m  and  B risso n  (1957) reco rded  p H  values of 1.85 — 3.20 in the  stom ach  
of new born  pigs. W h it e  et al. (1972) s tu d ied  th e  p o s tn a ta l gastric  ac id  secretion  in pigs. 
T he low est p H  in th e  s to m ach  c o n te n t w as found  a t  b ir th : p H  3 .0— 3.5. A ccording to  th e ir  
suggestion , th is  re la tiv e  ac id ity  can  be ex p la in ed  w ith  in tra u te rin e  fac to rs : th e  m ate rn a l g astrin  
crosses p lacen ta  an d  s tim u la te s  fo e ta l s to m ach . A t p a r tu r it io n , th is  su p p ly  o f g astrin  caeses 
a n d  p H  increases. A t 3 days o f age, th e  m ean  va lue  for sto m ach  p H  is ab o v e  5.0. The p H  of 
th e  s to m ach  c o n te n t o f 2- to  3-w eek-old n u rsin g  pigs was found  in  all cases above 3.5 (Cu n ­
n in g h a m  an d  B r is s o n , 1957). O th ers  re p o rte d  sim ilar values: s to m ach  p H  of 6-hour fasted  
suck ing  pigs was in  average m ore a lk a lin e  th a n  p H  3.4 a t  all ages up  to  5 weeks (L iu  et al., 
1954; W a l k e r , 1959).

Ju d g in g  from  th e  re su lts  o f th e  foregoing observations it ap p ea rs  t h a t  a t  th e  period  
o f  early  w eaning th e  p H  of s to m ach  c o n te n t is betw een  3.5 and  4.5. S ince th e  op tim um  p H  
o f pepsin  a c tiv ity  is a p p ro x im ate ly  2, th e  a c tiv ity  o f  enzym e is v e ry  s lig h t a t  these  pH  values.

Several w orkers stu d ied  th e  orig in  o f H + ions found  in  th e  s to m a c h  o f sucking pigs. 
Since hydroch lo ric  acid ap p ears only a f te r  30 days of age, th e  au th o rs  be liev ed  th a t  the  n a tu re  
o f th e  food an d  th e  m icroflo ra  o f  th e  s to m ach  w ere responsible for th e  g a s tr ic  acid ity  in  early  
life (K v a stn itsk iy  an d  B a k e y e v a , 1940). T he source of H + ions is m a in ly  lac tic  acid, th e  
p ro d u c t o f th e  b ac te ria l fe rm e n ta tio n  o f ca rb o h y d ra te s  in  th e  a ch lo rh y d ric  stom ach  (Cra n - 
WELL et al., 1968; N o akes  et al., 1968). S ign ifican t q u an titie s  o f la c tic  acid  were de tected  
in  th e  s to m ach  co n ten ts  of suck ing  pigs a t  1 w eek of age (F r ie n d  et al., 1963). H ydrochloric  
acid  secretion  suffic ien t to p roduce an  ac id ity  o p tim al fo r the  a c tiv a tio n  o f pepsinogen does 
n o t occur u n til 20— 30 days of age (K v a s t n it s k iy , 1953). No free h y d ro ch lo ric  acid was 
d e te c te d  in  th e  sto m ach  co n ten ts  e ith e r  b y  t i t r a tio n  w ith  T opfer’s re a g e n t o r  b y  using Gunz- 
b e rg ’s te s t  from  b ir th  to  5 w eeks of age (W a l k e r , 1959). H ow ever, h y d ro ch lo ric  acid secretion 
m ay  occur earlier w hen cereals are g iven  a fte r  e arly  weaning (Sta ro v o y to v , 1956).

In  view  of th e  foregoing ob se rv a tio n s, i t  can be concluded  th a t  despite 
num ero u s excellen t s tud ies on suck ing  pigs, only lim ited  in fo rm a tio n  is avail-

* W ith  th e  tech n ica l assistance  o f L idia K o v Á T S
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ab le  on the gastric  ac id  secre tion  of w eaned  anim als. H ow ever, th e  app lica tion  
o f  ea rly  w eaning as a p ra c tic a l aspect o f  pork  p ro d u c tio n  needs physiological 
d a ta  concerning th e  p o st-w ean in g  period . In  order to  fu rn ish  th e  m issing in ­
fo rm atio n s, th e  p re se n t w ork  was u n d e rta k e n  to  s tu d y  th e  effect o f w eaning 
a t  1 week of age on g a s tr ic  acid  secretion . In  th e  f irs t p a r t  o f  ou r w ork  th e  p H  
o f  n a tu ra l stom ach  sam ples w ere co m p ared  in sucking  a n d  w eaned  pigs. In  
ad d itio n , the  frac tio n a l m e th o d  of g astric  analysis w as ap jd ied  in  b o th  groups 
to  estab lish  w h e th e r th e  s tom ach  o f th e  pigs can p ro d u ce  an y  hydrochloric  
ac id  a t  all.

Materials and Methods

E xperim en ta l animals

A to ta l of 109, m o s tly  cross-bred  p ig lets w ith  ages ran g in g  from  3 to  27 
d ay s  were used in  th e  in v es tig a tio n s . 69 an im als nu rsed  th e ir  dam s th ro u g h o u t 
th e  experim en ta l p e rio d , 40 pigs a fte r  w eaning a t  1 w eek  of age a te  self-fed 
d ry  ra tions (crude p ro te in : 25% , fa t :  19 .2% , ash: 6 .7 % , N -free e x tra c t: 
42 .9% ). The w eaned  pigs w ere housed  in  pens in g roups o f five.

E xperim en ta l procedure

Removal o f  n a tu ra l stomach contents. The sam ples w ere tak en  alw ays 
in  th e  m orning h ours b e tw een  8 and  10 o’clock. A soft ru b b e r  tu b e , 3 to  6 m m  
in  in te rn a l d iam e te r, w ith  a ro u n d ed  tip  and  4 —5 la te ra l  holes, was passed  
in to  the  stom ach a n d  5— 10 m l of c o n te n t was w ith d ra w n  b y  suction  w ith  a 
syringe. The p ig lets w ere  allow ed to  suckle or feed ad lib itum  before tak in g  
sam ples.

Stim ulation o f  gastric acid secretion. 6 to  8 hours fa s te d  pigs were used. 
P r io r  to  carry  o u t th e  h is tam in e  te s t ,  th e  stom ach w as em p tied  by  suction  
an d  was w ashed w ith  a b o u t 40 °C w arm  tap -w a te r. T h e  w ashing flu id  was 
rap id ly  w ithd raw n . T h e  sam e ru b b e r tu b e  was used as a t  th e  rem oval of th e  
n a tu ra l  stom ach c o n te n ts . A fter 15 m inu tes, P e rem in  (h istam ine  d ih y d ro ­
chloride, C hinoin, B u d a p e s t)  was ad m in is te red  b y  su b c u ta n e o u s  ro u te  in  dose 
o f  0.03 m g/kg b o d y  w eig h t. The tim e  a t  w hich h is ta m in e  in jec tio n  was given 
w as no ted  as th e  zero tim e . A t in te rv a ls  of 15 m inu tes fro m  th is  tim e , sam ples 
o f gastric  co n ten t w ere  w ith d raw n  from  th e  stom ach . T h e  sam ples were s to red  
a t — 15 °C.

A na ly tica l procedure

The stom ach  c o n te n t was cen trifu g ed  and th e  su p e rn a ta n t  was used for 
lab o ra to ry  d e te rm in a tio n s . Since in  m o st cases only  a sm all am o u n t of liquor 
w as ob tained , th e  use o f a  m icro -m ethod  was necessary . T he p H  of th e  sam -
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pies w as m easu red  in  a m icro-electrode sy stem  w hich consisted  o f R ad io m e te r’s 
p H -m e te r  PH M 27 an d  com bined e lec trode  E 5021. F o r th e  d e te rm in a tio n  of 
p H  only  0.1 ml of su p e rn a ta n t was needed . W hen th e  p H  w as below  3.0 it  
w as considered  as sam ple  w ith  th e  p resence o f free hydroch lo ric  acid.

Results

The p H  and free  hydrochloric acid in  the natural gastric content. T he p H  
of sto m ach  c o n te n t o f 42 sucking pigs w as m easu red  a t  th e  p re-w eaning  period . 
T he m ean  p H  w as found  4 .0 6 ^ 0 .0 8 9 . 20 pigs w'ere w eaned a t  7 days o f age 
and  gastric  co n ten ts  w ere o b ta ined  a t 5 day s in te rv a ls  u n til  th e  age o f 21— 22 
days. In  th is  w ay  39 sam ples were collected  w ith  th e  m ean  p H  o f 4 .4 3 ^ 0 .1 4 5 . 
Sucking an im als of th e  sam e age (12— 22 days) w ere also s tu d ied . In  th is  case 
th e  m ean  p H  of gastric  sam ples was fo u n d  4 .9 2 ^ 0 .1 8 4 . In  th e  m a jo rity  of 
sam ples no free hyd ro ch lo ric  acid was p re se n t. O nly 3 sto m ach  co n ten ts  ta k e n  
from  w eaned  pigs co n ta in ed  free h y d roch lo ric  acid.

Stim ula ted  gastric secretion with h istam ine. F o r th e  purpose o f p re se n ta ­
tio n  of our re su lts , th e  secre to ry  responses o f pigs w ere d iv ided  in to  3 groups. 
W ith  regard  to  th e  special fea tu res of g astric  secretion  in  th e  y oung  pig, th e  
follow ing categories w ere form ed:

(a) Achlorhydria  (abso lu te  lack  o f h yd roch lo ric  acid  secre tion). A fter 
h is tam in e  in jec tio n  none o f  th e  sam ples co n ta in s  free h yd roch lo ric  acid.

(b) H ypochlorhydria  (incom plete secre tion  of hydroch lo ric  acid). In  1 or 
2 o f sam ples can  be fo u n d  free hydroch lo ric  acid .

(c) Chlorhydria  (norm al secretion  of h y d ro ch lo ric  acid). All o r 3 of sam ­
ples con ta in  free h yd roch lo ric  acid.

Table I

C om parison of hydroch loric  acid  secretions after h is tam in e  s tim u la tio n  in  sucking and  w eaned
pigs of th e  sam e age

Type of acid secretoon

Number of types  of acid secretion a t

11 -12 16 -17 21- 22 24 -2 7
Total

days of age

S W S W S W S W S w

A chlorhydria 4 3 4 2 3 l 2 l 13 7

H ypochlorhydria — 1 1 1 2 l 2 - 5 3

C hlorhydria 1 1 — 2 — 3 1 4 2 10

S, sucking; W , w eaned

T he p a tte rn s  o f p H  changes are p re se n te d  g rap h ica lly  in  Fig. 1.
In  th e  f irs t  p a r t  o f ou r w ork, th e  g a s tric  acid  secretion  w as s tu d ied  a t  

th e  p re-w eaning  period . 15 sucking pigs o f 3 to  7 days of age w ere s tim u la ted
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a c h l o r h y d r ia  .

pH

ÛH 15 30
T-
45

Min.
T
60

HYPOCHLORHYDRIA

CHLORHYDRIA

F ig . 1. The figure illu s tra te s  th e  d iffe ren t ty p es  of ach lo rh y d ric , hyp o ch lo rh y d ric  a n d  ch lor­
h y d rie  p H  curves. H , h is tam in e  in jec tion

w ith  h istam ine  in jec tio n . In  12 o f th e  an im als s tu d ied  th e re  was no free h y d ro ­
ch lo ric  acid in th e  g astric  ju ice  (ach lo rh y d ria ). T he gastric  secretion  o f 3 pigs 
w as o f h ypoch lo rhydric  ty p e , since on ly  in  th e  gastric  sam ples ta k e n  a t  15 
m in u te s  could be d e tec ted  free acid .

The h istam ine  te s t  was also p erfo rm ed  on w eaned  pigs a t  5 days in te rv a ls . 
A t th e  sam e tim e , sucking  p ig le ts  o f th e  sam e age served  as co n tro ls . The 
re su lts  shown in T ab le  I  in d ica te  th a t  m ost pigs in  th e  sucking  g roup  show ed 
g a s tr ic  secretion o f ach lo rh y d ric  ty p e , an d  on th e  o th e r h an d , th e  g re a te s t 
n u m b e r  of pigs w eaned  a t 1 w eek o f age secre ted  free hydroch lo ric  acid  (chlor- 
h y d ria ) .

The re la tiv e  d ifferences observed  in  th e  gastric  secre tion  o f unw eaned  
a n d  w eaned pigs are  also d e m o n s tra te d  in  Fig. 2. In  th is  fig u re  th e  p H  values 
o f  all gastric  sam ples (80— 80) o b ta in ed  a fte r  h is tam in e  in jec tio n  are  sum -
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m arized . T he curves of each  group  give in fo rm ations a b o u t th e  p ercen tag e  
d is tr ib u tio n  o f stom ach  sam ples in  th e  d ifferen t p H -in te rv a ls . I t  can  be e s ta b ­
lished  th a t  th e  g rea test p a r t  o f  g a s tric  sam ples tak en  b y  w eaned  pigs showed 
p H  values b e tw een  1 and  2. In  c o n tra s t, in  case of sucking  an im als, th e  peak 
o f  th e  cu rve  w as betw een p H  7 an d  8.

F ig. 2. P e rcen tag e  d is trib u tio n  of p H  values in th e  g astric  ju ice  o f u n w ean ed  (— — — — ) 
and  w eaned  (-------------) pigs w ith  ages ran g in g  from  11 to  27 d ays, follow ing h is tam in e  in ­

jec tio n . See te x t  for discussion

Discussion

T he s tim u la tio n  of gastric  secre tion  was perfo rm ed  in  35 suck in g  pigs. 
O nly  2 anim als (6 per cen t of to ta l)  responded  w ith  hyd roch lo ric  ac id  p ro d u c ­
tio n  follow ing h is tam in e  in jec tio n . In  71 p er cen t o f cases (25 pigs) h y d ro ­
ch loric  acid  w as n o t de tec ted  in  th e  g astric  sam ples. These re su lts  in d ica te  th a t  
d u rin g  th e  f ir s t  m o n th  of life th e  gastric  secretion  of sucking  an im als  is p re ­
d o m in a n tly  o f ach lo rhydric  ty p e . T he lack  o f hydrochloric  acid  p ro d u c tio n  
has no dele terious effect on p ro te in  d igestion , since th e  pepsin  a c tiv ity  of th e  
s to m ach  tissue  is v e ry  low during  th e  f irs t  weeks (H artm an  et a l., 1961). A ccord­
ing ly , th e re  is no  need for th e  a c tiv a tio n  of enzym e b y  H “r ions. T he gastric  
p ro teo lysis  is m in im al and  th e  sm all in te s tin e  is th e  m ain  site  o f th e  p ro teo ly tic  
processes. The y o u n g  pig is capab le  o f p roducing  re la tiv e ly  h igh am o u n ts  of 
try p s in  (L u c a s , 1962). D uring  th e  f ir s t  weeks of age, try p s in  appears to  be 
th e  m ain  p ro te in -sp littin g  enzym e. T he efficiency of p ro te in  d igestion  can be 
ch a rac te rized  w ith  the  high va lu e  o f a p p a re n t d igestib ility  o f th e  sow s’ m ilk 
p ro te in  w hich is ab o u t 98 per cen t u n til  5 weeks of age (L iv in g s t o n e  et al., 
1960). C onsequen tly , in sp ite  of ach lo rh y d ria  p resen t in sucking  pigs, th e re  is 
no d iso rder in  th e  digestion  of p ro te in s . H ow ever, th e  ach lo rh y d ria  is n o t 
in d iffe ren t from  th e  p o in t of v iew  of th e  organism , since th e  lack  o f gastric  
acid b a rrie r  d im in ishes th e  “ defensive a b ility ” of th e  an im al ag a in st pero ra l 
b a c te r ia l invasions. Evidence is p ro v id ed  (K v a s t n it s k iy , 1953) to  in d ica te
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t h a t  gastric  juice o f y o u n g  sucking pigs has p ra c tic a lly  no b ac te ric id a l ch a rac ­
te r .  S ign ifican t a n tise p tic  ac tio n  of gastric  ju ice  can  be d e tec ted  only a fte r 
40 to  50 days of age.

T he situ a tio n  is q u ite  d iffe ren t in th e  early  w eaned  pig. F ro m  th e  p resen t 
s tu d ies  i t  is concluded t h a t  w hen th e  pigs are w eaned  a t 1 w eek o f age, h y d ro ­
ch lo ric  acid is secre ted  soon a fte r w eaning. In  m ost an im als ch lo rhydria  was 
fo u n d  before th e  age o f 4 w eeks.

Considering th e  ab o v e  m entioned  o b se rv a tio n s, th e  question  arises w hy 
th e  early  ap p earan ce  o f  hyd roch lo ric  acid  secre tion  does n o t p roduce  a low 
p H  in  th e  n a tu ra l g a s tr ic  co n ten ts  a fte r w eaning . Only7 slig h tly  low er average 
p H  values were n o te d  in  th e  n a tu ra l stom ach  c o n ten ts  of w eaned  pigs (pH  4.43) 
th a n  in  those of su ck in g  anim als (pH  4.92). T he re la tiv e ly  sm all difference 
can  be explained  w ith  th e  g rea t acid bu ffe ring  c a p a c ity  of m ilk  and  b ab y  
s ta r te r . I t  was show n in  a prev ious in v es tig a tio n  ( K u t a s  et al., 1973) th a t  1 g 

o f d ry  m a tte r  o f b o th  sow s’ m ilk  and  b ab y  s ta r te r  can  b u ffe r 4 to  6 ml of 0.1 
m l N HC1 while th e  p H  is reduced  only to  4.0. C a lcu la ting  w ith  a d ry  m a tte r  
in ta k e  of 200 g p e r p ig le t, th is  am o u n t can b u ffe r ab o u t I l i t .  o f 0.1 N h y d ro ­
ch lo ric  acid w ith o u t d im in ish in g  th e  p H  below  4.0.

Summary

A com parative  s t u d y  w as m ade of th e  g astric  acid  secre tion  in w eaned vs. unw eaned  
p igs, fro m  1 week th r o u g h  4 w eeks of age. The g astric  m ucosa  was s tim u la ted  w ith  su b cu tan e ­
ous h istam ine  in jec tio n  a n d  th e  secretory  response w as s tu d ie d  by  m easuring  th e  p H  of th e  
g a s tr ic  juice. M ost su c k in g  p igs were ach lorhydric  o r hy p o  ch lo rh y d rie : no or only slight h y d ro ­
ch loric  acid secretion  w a s  d e te c te d  in gastric  ju ice  fo llow ing  th e  a d m in is tra tio n  of h istam ine. 
In  c o n tra s t, the  g re a te s t  n u m b e r  o f p iglets w eaned a t  1 w eek of age show ed hydroch loric  
acid  p ro d u c tio n  a f te r  h is ta m in e  in jection .

F rom  th e  p re se n t s tu d ie s  i t  m ay be concluded  t h a t  th e  period  of ach lo rh y d ria  is sig­
n if ic an tly  shorter in e a r ly  w eaned  pigs w hen it is co m p ared  w itd  th a t  of sucking anim als. 
I t  was no ted  th a t  th e  h y d ro c h lo ric  acid  secre tion  develops re la tiv e ly  fa s t  a fte r w eaning. 
T he earlie r ap p earance  o f  g a s tr ic  acid secretion  has benefic ia l effect on  gastric  pro teo lysis 
a n d , a t  th e  same tim e , it m a y  p ro m o te  th e  p re v en tio n  of p e ro ra l infections.
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SEROLOGICAL STUDIES OE BOVINE 
MYCOPLASMAS AND ACHOLEPLASMAS
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B u d ap est

(R eceived  Ju ly , 18, 1973)

Several Mycoplasma a n d  Acholeplasma species [M. mycoides subsp . mycoides (E d w ard  
a n d  F r e u n d t , 1956), M . bovigenitalium  (E d w a r d , 1947), M. bovirhinis and  A . laidlawii 
(L ea c h , 1967), M . agalactiae subsp . bovis (H a l e , H el m b o ld t , P la s t r id g e  and  St u l a , 1962), 
M . arginini (B a r il e , D e l -G iu d ic e , Ca r s k i, G ibbs  and  Mo r r is , 1968), M . dispar (G ourlay  
a n d  L ea c h , 1970), M . alkalescens a n d  A . modicum  (L ea c h , 1973), M . oculi (L a ng ford  an d  
L e a c h , 1973)] and serogroups [L each ’s group 7 (L ea c h , 1967), A l-A ubaid i’s serogroups H , 
I ,  К  and L  (Al-Ad b a id i a n d  F a b r ic a n t , 1971)] have  been described  am ong th e  s tra in s  of 
bovine  origin. Some usefu l c u ltu ra l  an d  b iochem ical p rocedures hav e  been  recom m ended  for 
p re lim in ary  id en tifica tio n  pu rp o ses (E r n 0 an d  St ip k o v it s , 1973) b u t  th e  fin a l id en tific a tio n  
o f th e  stra in s  can  be p e rfo rm ed  b y  serological tes ts .

The p resen t p a p e r describes serological stud ies o f bov ine  m ycoplasm as 
a n d  acholeplasm as b y  m eans of g row th  in h ib ition  (G IT) an d  m etabo lic  in h ib i­
t io n  (MIT) te s ts . These s tu d ies  w ere perfo rm ed  as a co m p ara tiv e  ex am in a tio n  
o f  reference sera som e o f w hich  h ad  been o b ta in ed  from  D r. J .  G. T u l l y  
(N a tio n a l In s t i tu te  o f A llergy  an d  In fec tious D iseases, N a tio n a l In s ti tu te s  of 
H e a lth , B ethesda , M ary lan d  U .S .A .), from  D r. H . E r n 0 ( In s ti tu te  o f M edical 
M icrobiology, F A O /W H O  C entre , U n iv e rsity  of A arh u s, A arhus, D enm ark ) 
an d  from  D r. R . H . L e a c h  (C en tral Pub lic  H ea lth  L a b o ra to ry , M ycoplasm a 
R eference L ab o ra to ry , C olindale A v. L ondon , E n g lan d ), as well as h y p e r­
im m u n e  sera p rep ared  in  o u r lab o ra to ry .

M ethods

Strains. The s tra in s  used  for our s tud ies are lis ted  in  T ab le  I . All s tra in s  
w ere o b ta ined  from  th e  I n s t i tu te  of M edical M icrobiology, U n iv e rsity  o f A a r­
h u s , A arhus, D enm ark  in  d ried  cond ition . The am poules w ere opened and  
b ro th  cu ltu re  was m ade from  each  s tra in , a p a r t  of i t  w as d ried  again , a n o th e r 
p a r t  was sto red  as w o rk ing  cu ltu re  a t — 20 °C.

Production o f  antisera. A n tigens for im m uniza tion  o f  ra b b its  w ere p re ­
p a re d  from  cu ltu res grow n in  m edium  В ( E r n 0 an d  St i p k o v i t s , 1973), in 
w h ich  th e  horse serum  w as rep laced  by  1%  P P L O  Serum  F rac tio n  (D ifco). 
T h e  cu ltu res being in  la te  log phase  w ere sed im ented  a t  10 000 X  g. (Zuglói 
G épgyár) for 40 m in u tes  an d  th e  sed im en t was w ashed  th re e  tim es in  PB S
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(p H : 7.2) and resuspended  in  P B S  a t 1 : 20 o f orig inal vo lum e. A ntigens o b ­
ta in e d  w ere stored  a t  — 20 °C.

A ntiserum  production . Y oung  m ale New  Z ealand  ra b b its  o f 2 kg w eight 
w ere used  for p roducing  a n tise ra  accord ing  to  th e  m ethod  p u b lish ed  by  M o r ­
t o n  an d  R o b e r t s  (1967). Tw o h y p erim m u n e  sera  w ere p re p a re d  w ith  each 
s tra in  and  exam ined  w ith  each  s tra in  in  b o th  G IT  and  M IT. F o r com parison 
reference  sera o b ta in ed  e ith e r  from  D r. J .  G. T u l l y , from  D r. H . E r n 0, or 
from  D r. R . H . L e a c h  w ere used . N o reference sera  ag a in st A l-A ubaid i’s sero- 
g roups H , I , К  an d  L  w ere av a ilab le . Serogroups I , H  an d  К  w ere also ex ­
am in ed  b y  reference se ra  a g a in s t M . gateae, M . ga llinarum  an d  A . axanthum .

Table I

Type or reference s tra in s  o f bovine M ycoplasm as and A choleplasm as

Species or serogroup
T y p e  o r refe rence  

s tra in S upp lied  b y Iso la te d  b y
C ultu red

from

M . bovigenitalium PG 11 Aarhus Univ. E dward (1950) genital
trac t

M . bovigenitalium K alle H E 1 Aarhus Univ. E rn0 (1967) genital
trac t

M . bovirhinis PG 43 Aarhus Univ. H arbourne, 
H unter and 
Leach (1965)

lung

M . arginini G 230 Aarhus Univ. Morris (1968) brain
A . laidlawii A PG 8 Aarhus Univ. Laidlaw and 

E lford (1936)
sewage

A . laidlaivii В PG  9 Aarhus Univ. Laidlaw  and 
E lford (1936)

sewage

M . mycoides subsp. myc. PG  1 Aarhus Univ. Laidlaw (1931) lung
M . agalactiae subsp. 

bovis
D onetta Aarhus Univ. H ale et al (1962) udder

Group 7 (Leach) PG  50(N29) Aarhus Univ. Simmons and 
J ohnson (1963) jo in t

M . alkalescens PG 51 Aarhus Univ. H udson and 
E theridge (1963) nose

Group H(Al-Aubaidi) В 139 P Aarhus Univ. Al-Aubaidi (1970) uterus
Group I (Al-Aubaidi) В 142 P Aarhus Univ. F abricant (1950) lung
Group К  (Al-Aubaidi) В 107 PA Aarhus Univ. Al-Aubaidi (1970) 9

Group L(Al-Aubaidi) В 144 P Aarhus Univ. Moulton (1956) jo in t
A . modicum PG 49 (Squire) Aarhus Univ. Langer and 

Carmichael (1963) lung
M . agalactiae subsp. 

agalactiae
PG 2 Aarhus Univ. L opez (1934) udder

(sheep)
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Growth inh ib ition  test. The G IT  w as perfo rm ed  accord ing  to  th e  te ch n iq u e  
described  b y  S t a n b r i d g e  and  H a y f l i c k  (1967). A gar p la te s  w ere p rep a red  
in  glass P e tr i dishes (Orion, H u n g a ry ) w ith  a d iam ete r o f 6 cm , co n ta in in g  
9 m l of agar m ed ium  B. T he p la te s  were in o cu la ted  b y  “ ru n n in g  d rop  
te c h n iq u e ” w ith  0.01 m l of c o n c e n tra ted  and  d ilu ted  to  1 0 _1, 10 -2 an d  1 0 ~ 3 
te s t  cu ltu res. A fte r d ry ing  of th e  in o cu la ted  p la tes a t room  te m p e ra tu re , f i l te r  
p a p e r  discs (6.0 m m  in  d iam eter) soaked  w ith  0.02 m l of a n tise ru m  were p laced  
in  th e  m iddle o f th e  m ycop lasm a s tre a k . P la te s  w ere in c u b a te d  a t  37 °C in  
w et cham bers fo r 4 days. S im u ltan eo u sly  colony form ing u n its  (CFU ) of each  
te s t  cu ltu re  w ere de te rm ined  b y  p la tin g  to  find  ou t th e  p ro p e r d ilu tio n  c o n ta in ­
ing  105 CFU. R esu lts  show n in T ab le  I I  are d a ta  of d iam eters  o f g row th  in h i­
b itio n  zones o b ta in ed  w ith  th e  d ilu tio n  of cu ltu re  co n ta in in g  105 CFU.

Metabolic inh ib ition  test. T he  te s te d  s tra in s  were grow n in  30 m l m ed ium  
В con ta in in g  2.0 m l of P P L O  Serum  F rac tio n  (Difco) in s te a d  o f horse serum . 
T he m edium  in c u b a te d  to  th e  end  o f  log. phase was frozen in  1.0 m l a liq u o ts  
a t  — 20 °C. F o r th e  te s ts  m edia BG , BA and  ВТ described b y  E r n 0 et al. (1973) 
w ere used. M edium  BG was used  fo r te s tin g  M . mycoides subsp . mycoides 
(PG 1), M . bovirhinis (PG 43), A . la id law ii A  (PG 8), A . la id law ii B  (PG 9), A .  
m odicum  (PG49 S quire), A . axan thum  (ATCC 25176), serogroups 7 (PG 50), 
К  (В 107PA) an d  L (В 144P). B ecause o f w eak T T C -reduction  b y  M . bovi- 
gen ita lium  (PG11) an d  M . bovigenitalium  (K alle H E 1) fo r th e  m etabo lic  in ­
h ib itio n  te s t  th e  la te r  s tra in  was u sed  in  m edium  BG. D ecrease of p H  in th is  
case w as ap p ro x im a te ly  0.4 u n its  on ly . The following s tra in s  w ere te s te d  in  
m ed ium  BA: M . arg in in i (G230), M . alkalescens (PG 51), serogroups H  (В 139P) 
and  I  (В 142P), M . gateae (CS), M . gallinarum  (PG16). M . agalactiae subsp . 
agalactiae (PG2) an d  M . agalactiae subsp . bovis (D onetta ) w ere te s te d  in m e­
d ium  В Т. T itra tio n  o f an tigens an d  serum  sam ples was perfo rm ed  accord ing  
to  th e  descrip tion  o f E r n 0 et al. (1973).

R esults

Groivth inh ib ition . The resu lts  a re  d em o n stra ted  in T ab le  I I .  S a tisfac to ry  
reac tio n s were p ro d u ced  w ith  b o th  sera  p rep ared  by  us in  th e  hom ologous sy s­
tem s like w ith  th e  reference sera. A d is tin c t zone of a t  le a s t 1.5 m m  or m ore 
w as d e m o n s tra te d  w ith  m ost of th e  s tra in s . P a r tia l in h ib itio n  w as observed  
w ith  sera  aga in st A . laidlaw ii A  (PG 8) only.

T w o-w ay cross-reactions o f th e  sam e in te n s ity  were fo u n d  betw een  A .  
la id law ii A  (PG8) an d  A . laidlaw ii B  (PG 9) s tra in s . O ne-w ay cross-reactions 
w ere observed  betw een  serogroup 7 (PG 50) and  group L (В 144P) b u t  in h ib i­
tio n  zones were w eaker th a n  in  th e  hom ologous system . T he s tra in s  В 139 P , 
B142 P  an d  B107 P A  of A l-A ubaid i’s g roups H , I  and  К  w ere sig n ifican tly  
in h ib ite d  by  M . gateae (CS), M . gallinarum  (PG16) an d  A . axanthum
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Table и

Com parison of bovine M ycoplasm as and A choleplasm as in  g row th inh ib ition  tes t

T y p e  o r reference s tra in s

A n tise ra
P G  11 P G  43 G 230 P G  8 P G  9 P G  1 Don. P G  50 P G  51

В
139 P

В
142 P

В
107 PA

В
144 P P G  49 P G  2

P G  11 T 6 .0 _ _ _ _ _ _ _ _ — — — — — —

5 5 8  0 4 .5 — — — — — — — — — — — — — —

5 5 9  0

P G  4 3  T 

5 3 6  0

5 .7

6 .0

5 .0

— — — — — — — — — — — — —

5 3 7  0  

G  2 3 0  T

— 6 .0

2 .4

- — — — — — — — — — — —

5 5 2  0 — — 6 .5 — — — — — — — — — — — —

5 5 3  0 — — 2 .7 — — — — — — — — — — — —

P G  8  T — — — 2 .0 p 3 .0 p — — — — — — — — — —

2 8 0 7  0 — — — 2 .0 2 .0 p — — — — — — - — — -

2 8 0 8  0 — — — 1.0 1.5p — — — — — — — — —

P G  9  T — — — 1 .5 4. Op — — — — — — — — — —

5 9 2  0 — — — 3 .3 4 .1 — — — — — — — — — —
5 9 3  0  

P G  1 E

3 .5 6 .4

4 .2

— — — — — — — — —

5 6 8  0

5 6 9  0 — — — — —

2 .0

5 .0 — — — — — — — — —
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Don. E

550 0

551 0

PG  50 E

538 0

539 0

PG  51 E

583 0

584 0

562 0

563 0

554 0

555 0

617 0

619 0

572 0

573 0

PG 49 L

757 0

767 0

PG  2 E

548 0

___ ___ ___ — — 6.5 — — — — — — —

— — - — — 5.5 — — — — — — —

— — — — — 6.0 — — — — — — —

___ ___ ___ ___ ___ — 3.0 — — — — 2.6 —

— — — — — — 3.1 — — — — 4.0 —

— — — — — 3.9 — — — — 1.0 —

- - — —
—

—
-

— 4.9

2.6 — —

— —

—

3.9

5.0 I I ___ ___

— — — — — — — — 3.3 — — — —

— — — —

—

—

—

— —

5.0

5.0

2.8

3.0

— —

—

—

—

—
— —

—

—

—

—

—

3.5

4.2

2.5

3.5 

5.0

— — — — — — — — — — — — —

Notes: T . T i l l y ;  E , E b n 0 ; L , L e a c h ; O, Own; p, p a r tia l  inh ib ition
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Table III

C om parison of bovine M ycoplasm as and A choleplasm as in  m etabolic  in h ib ition  te s t

Type or reference strains

Antisera Ka 11 e 
HE 11 PG 43 G 230 PG 8 PG 9 PG 1 Don. PG 50 PG 51

В
139 P

В
142 P

В
107 PA

В
144 P PG 49 PG 2

P G  11 T 51 2 0

558 0 1280 — — — — — — — — — — — — — —
559 0 10240 — — — — — — — — — — — — — —

P G  43 T — 51 2 0 — — _ _ _ _ _
536 0 — 25 6 0 — — — — — — — _ _ _ _ _ _
537 0 — 1280 — — — — — — — — — — — — —

G  230 T — — 320 — — — _ _ _ _ _ _ _ _
552 0 — — 512 0 — — — — — _ _ _ _ _ _ _
5 5 3 0 — — 3 2 0 — — — — — — — - — — — —
P G  8 T — — — 2 5 6 0 1 0 2 4 0 — — _ _ _ _ _ _ _
2 8 0 7 0 — — — 6 4 0 1 2 8 0 — — — — — — _ _ 10 _
2 8 0 8 0 — — — 1 2 8 0 6 4 0 — — — — — — — - 10 -
P G  9 T — — — 2 5 6 0 2 5 6 0 — _ _ _ _ _ _ _
5 9 2 0 — — — 3 2 0 6 4 0 — — — — — — — — 10 _
5 9 3 0 — — — 1 2 8 0 1 2 8 0 — — — — — — — — 10 —
P G  1 E — — — — — 5 1 2 0 _ _ _ _ _ _ _ _ _
5 6 8 0 — — — — — 5 1 2 0 — — — _ _ _ _ _ _
5 6 9 0 — — — — — 5 1 2 0 — — — — — — — — —
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Don. E

550 0

551 0

PG  50 E

538 0

539 0

PG  51 E

583 0

584 0

562 0

563 0

554 О

555 0

617 0

619 0

572 0

573 0

PG  49 L

757 0

767 0

PG  2 E

548 О

Notes: T . T u l l y ; E , E k n 0 ; L , L e a c h ; O , Own

10240

10240

5120

— — — — — : :
1 2 8 0 3 2 0

2 5 6 0 — — — - 20
2 5 6 0 - — — — 8 0

— 1 0 2 4 0 — — — _ —

— 5 1 2 0 — — — — —  •

— 2 5 6 0 — — — — —

— — 1 2 8 0

6 4 0

— — — —

_ _ 5 1 2 0 _ _
— — — 5 1 2 0 — — —

— — — — 5 1 2 0 — —

— — — — 2 5 6 0 — —

4 0 — .— — — 1 0 2 4 0 —

8 0 — — — — 5 1 2 0 —

— — — — — — 1 2 8 0

— — — — — — 1 2 8 0

— — — — — — 5 1 2 0
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80

20

80

10240

10240

SE
R

O
L

O
G

IC
A

L
 S

T
U

D
IE

S
 O

F B
O

V
IN

E
 M

Y
C

O
PL

A
SM

A
S



146 STIPKOVITS and VARGA

(ATCC 25176) sera re sp ec tiv e ly . The sera  produced  a g a in s t A l-A ubaid i’s sero- 
g roups gave an  in h ib itio n  zone w ith  th e  m en tioned  species n ea rly  as m uch  as 
th e ir  hom ologous sera  (T able I I I ) .

Metabolic inh ib ition . S uffic ien t hom ologous reac tio n s w ere observed w ith  
new ly  p repared  and  w ith  th e  reference sera too  (T able I I I ) .  The hom ologous 
t i te r s  varied  in  a ran g e  o f  1 : 320 to  1 : 10240. R eac tions w ith  serum  d ilu tio n  
1 : 10 and  m ore w ere re g a rd e d  as p o sitive . Tw o-w ay c ross-reactions o f th e  
sam e s tren g th  w ere d e m o n s tra te d  betw een  A . laidlaivii A (PG 8) and  A . laid- 
la tvii B (PG9) s tra in s . T w o-w ay cross-reaction  was also ob ta in ed  b e tw een  
serogroups 7 (PG50) an d  L  (В 144P) b u t th e  hetero logous reac tio n s  were w eaker 
th a n  th a t  of th e  hom ologous system . M etabolic a c tiv ity  o f  M . agalactiae subsp . 
agalactiae (PG2) w as in h ib ite d  by  M . agalactiae subsp . bovis (D o n etta ) serum . 
T h e  titre s  of these  reac tio n s  w ere also w eaker th a n  in th e  hom ologous system . 
T w o-w ay c ross-reaction  w as d em o n stra ted  betw een  serogroup  H  (В 139P) 
an d  M . gateae (CS), se rog roup  I (В 142P) and  M . ga llinarum  (PG 16), se ro ­
g roup  К  (В 107PA ) a n d  A . axanthum  (ATCC 25176) re sp ec tiv e ly  (Table IY).

D iscussion

The p resen t s tu d ie s  confirm  m ost o f th e  d a ta  p u b lish ed  b y  E r n 0 et al. 
(1973) and  E r n 0 an d  J u r m a n o v á  (1973). M ost o f th e  m ycop lasm as an d  achole- 
p lasm as concerned are  serologically  d iffe ren t from  each  o th e r. H ow ever some 
o f th e  s tra in s show ed cross-reactions. O ur find ings are  in  con fo rm ity  w ith  th e  
observations of E r n 0 et al. (1973) concern ing  in h ib itio n  o f sero-group 7 (PG 50) 
b y  th e  sera ag a in st serog roup  L (В 144P) in  M IT b u t we d id n ’t  observe any  
inh ib itio n  of group  L (B144 P) w ith  M . mycoides subsp . mycoides (PG 1) and  
M . bovigenitalium  (PG 11) in  M IT and  in h ib ition  of serogroup  7 (PG50) w ith  
M . bovigenitalium  (PG 11) an d  M . arg in in i (G230) sera in  M IT and  M . mycoides 
subsp . mycoides (PG 1), M . bovigenitalium  (PG11) as w ell as serogroup L 
(В 144P) sera in  G IT .

Since th e  serological ex am in a tio n  o f M . mycoides subsp . mycoides (PG 1), 
group 7 (PG50) and  g roup  L  (В 144P), sharing  m ajo r b iochem ical c h a rac te ris ­
tic s  ( E r n 0 and  St i p k o v i t s , 1973) show ed some re la tio n sh ip  in A arhus and  in 
our lab o ra to ry  it  is w ise to  follow th e  suggestion  p roposed  by  E r n 0 et al. 
(1973) no t to  a t te m p t  an y  form al c lassification  of th e se  s tra in s  till m ore in ­
fo rm ations, in c lud ing  D N A  hom ologies will be o b ta in ed .

On th e  basis o f th e  resu lts  o b ta in ed  th ere  is no reason  to  suppose any  
an tigen  re la tio n sh ip  be tw een  s tra in s  of d is tin c t b iochem ical ch a rac te rs  like 
group 7 (PG 50), g ro u p  L /В  (В 144P) and  M . bovigenitalium  (PG11) as well 
as M . arginin i (G230) suggested  b y  Co t t e w  (1970).

Our find ings a re  co rresponding  w ith  L e a c h ’s d a ta  (1973) concern ing  
th e  results of ex a m in a tio n  of A . m odicum  (PG49 S qu ire). This s tra in  w as in-
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Table IV

Id en tifica tio n  of serogroups H , I and К  by  m eans of th e  M IT and G IT

Hyperim m une sera

Group H(B 139 P) Group I(B  142 P) Group K(B 107 PA) A . a x a n th u m

Species or 
serogroups

Tests 562 563
M . gateae 

CS 
Erno

554 555

M . galli­
narum  
PG 16 
Tully

617 619
ATCC

570
25176

571

Own Own Own Own

G roup H GIT 5.0 3.3 3.5 _ _ _ _ _
(B 139 P) M IT 1280 640 10240 — — — — — — —

M . gateae GIT 2.5 2.2 5.0 — — — — — — —

(CS) M IT 2560 5120 10240 — — — — — — —

G roup 1 GIT — — — 5.0 5.0 6.5 — — — —

(B 142 P) M IT — — — 5120 5120 10240 — — - —

M . gallinarum GIT — — — 2.5 2.3 6.5 — — — —

(PG  16) M IT — — — 160 80 2560 — — — —

G roup К GIT — — — — — — 2.8 3.0 3.0 4.0
(В 107 PA) M IT — — — — — — 5120 2560 2560 1280

A . axanthum GIT — — — — — — 3.0 2.8 3.0 1.8
(ATCC 25176) M IT — — — — — — 160 160 2560 640
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h ib ite d  by  th e  hom ologous sera  o n ly , inh ib itio n s b y  all o th e r  sera in  low d ilu ­
tio n s  (1 : 10) are  to  be considered  as non-specific  reac tio n s. O ur d a ta  confirm ed 
L e a c h ’s suggestion  to  accep t th is  g roup  as a new  species.

I t  was also co n firm ed  th a t  one-w ay cross-reaction  ex is ts  be tw een  M . 
agalactiae subsp . agalactiae (PG 2) an tig en  and  M . agalactiae subsp . bovis 
(D o n e tta ) an tise ra  (E r n 0 et al. 1973).

There was n o t an y  reac tio n  b e tw een  M . alkalescens an d  o th e r species or 
serogroups su p p o rtin g  L e a c h ’s suggestion  (1973) to  accep t i t  as a new  species.

O ur re su lts  o f c ro ss-te s tin g  serogroups H , I  an d  К  (A l -A u b a id i  and 
F a b r ic a n t , 1971) w ith  th e  re fe rence  sera of M . gateae, M . gallinarum  and 
A .  axanthum  re sp ec tiv e ly  are  in  co n fo rm ity  w ith  th e  o b serv a tio n s of E r n 0 
et al. (1973) too .

On th e  basis o f th ese  f in d in g s serogroup H  belongs to  M . gateae, group 
I  to  M . gallinarum  an d  serogroup  К  to  A . axanthum  species. Since th e  f irs t 
tw o  species h ad  been  iso la ted  from  o th e r an im al sources (no t bovine) th e  te rm  
o f “ bovine m y co p lasm a”  for th e se  species should be used  w ith  cau tion . A .  
axanthum  has been  know n as a tissu e  cu ltu re  c o n ta m in a n t (T u lly  and  R a z in , 
1970) in lig h t o f ou r resu lts  th e  bo v in e  origin of A . axanthum  could be accepted  
since th ree  s tra in s  h a d  been iso la ted  from  th e  nasa l c a v ity  an d  lung  of ca ttle  
suffering  from  c a ta r rh a l p n eu m o n ia  being A . axanthum .
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S u m m ary

M ycoplasm a  an d  A choleplasm a  re ference stra in s  of bovine orig in  w ere te s te d  in  g row th  
in h ib itio n  and  m etab o lic  in h ib itio n  te s ts . T w o-w ay cross-reaction  w as d e m o n s tra ted  betw een  
serogroup 7 PG 50 (L each) an d  serogroup  L В 144P(A1-Aubaidi) in M IT  an d  one-w ay cross­
reac tio n  in  G IT . M etabo lic  a c tiv ity  o f M . agalactiae subsp . agalactiae (PG 2) was inh ib ited  by  
M . agalactiae subsp . bovis (D o n e tta )  an tise ra .

Serogroups desig n ated  H , I  a n d  К  (A l-A ubaidi) show ed sig n ifican t tw o-w ay cross­
reac tions in b o th  te s ts  w ith  M . gateae , M . gallinarum  and  A . a xan thum  species confirm ing 
observations o f E r n 0 , J urm anová  an d  L ea ch  (1973).
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THE FINE STRUCTURE OF LANKESTERELLA  
SP. SPOROZOITES PARASITIC IN THE FROG 

R A N  A PI PI E N  S.* **

By

G. H e l l e r

Zoological In s t i tu te , U n iv e rsity  o f B onn , G erm any  
an d  U n iv e rsity  of Illinois, College o f V e te rin a ry  M edicine, U rb an a

(R eceived A ugust 22, 1973)

S tu d ies  on  th e  b lo o d -in h a b itin g  p ro to zo a  o f th e  frog R a n a  p ip ien s  revea led  tw o  
d iffe ren t species o f p a rasites  (H e l l e r , 1972a): a haem ogregarine  an d  a sm all, sporozoite-like 
fo rm  sim ilar to  Lankesterella  sporozoites described fro m  frogs and  to ad s  (NÖLLER, 1913, 
1920; L a b b é , 1894; F antham  et al., 1942; St e r b e n s , 1966; Ma nso ur  an d  H elm y  M o h a m m ed , 
1962). T he la t te r  fo rm  occurs b o th  w ith in  e ry th ro c y te s  an d  also w ith in  endothelia l cells o f th e  
liver, lung  an d  spleen. Since its  life cycle is u n k n o w n , e lec tro n  m icroscope studies have  b een  
m ade in  o rd er to  com pare  its  fine  s tru c tu re  w ith  th o se  of o th er Lankesterella  species d e ­
scribed  b y  earlie r au th o rs  (Garnham  et a l ,  1962; St e h b e n s , 1966; B ü t t n e r , 1968).

M aterial and  M ethods

Sm all pieces of the liver, lung and  spleen o f R ana  pip iens***  in fected  w ith  
Lankesterella  sp. w ere fix ed  in  3%  g lu ta ra ld eh y d e  a d ju s ted  to  p H  7.2 w ith  
p h o sp h a te  buffer, an d  po stfix ed  in 1%  osm ium  te tro x id e . The fixed m a te ria l 
w as w ashed  severa l tim es in  p h o sp h a te  b u ffe r, d eh y d ra te d  in  a g raded  series 
of e th an o l follow ed b y  p ropylene oxide, an d  em bedded  in  E pon . Sections, 
m ade w ith  a R e ich ert u ltra to m e , were s ta in e d  w ith  u ra n y la c e ta te  and  lead  
c itra te , and  observed  w ith  a H itach i H U  11C electron m icroscope.

R esults

T he fin e  s tru c tu re  of th e  e ry th ro cy te -in h ab itin g  form s is iden tica l to  
th a t  o f th e  form s in endo thelia l cells (Figs 1, 2, 3, 5). T hey  have all th e  ty p ica l 
organelles o f a coccidian  sporozoite, includ ing  a th ree -lay ered  pellicle (Fig. 7), 
ab o u t 30 su b pe llicu la r m icro tubu les (Fig. 2), an  apical com plex w ith  a conoid, 
tw o  p recono idal rings, a po la r ring  and  a rh o p try -m ic ro n em e com jdex (Figs

* S u p p o rted  b y  R esearch  G ran t GB 30800X  fro m  th e  N a tio n a l Science F o u n d a tio n  
and  b y  th e  D eutsche F orschungsgem einschaft.

* * Som e of these  resu lts  were p resen ted  a t  th e  2 5 th  an n u al m eeting  of th e  Society  
o f P ro tozoolog ists a t  M inneapolis, M inn., Aug. 28— S ep t. 1, 1972.

*** T he frogs w ere delivered  b y  N asco, E . G., S te in h ilb e r & Co., In c ., F o rt  A tk in so n , 
W isconsin  53538, USA.
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] ,  3). M icropores are  visib le (F ig . 3). F u rth e rm o re  th e re  are  tw o re frac tile  
bodies (F ig. 3) w hich  are  th e  m ost c h a ra c te ris tic  organelles of sporozoites. 
T h e  Golgi a p p a ra tu s  is an te rio r  to  th e  n uc leus (Fig. 3).

Sausage-like organelles w ith  in n e r, p ara lle l m em branes w hich are  jrer- 
p en d icu la r to  th e  o rganelles’ lo n g itu d in a l axis are p resen t (Figs 4, 5).

Close to  th e  surface th e re  are  vacuo les w ith  m em branous and  am orphous 
c o n ten ts  (Fig. 3). Some specim ens c o n ta in  several am ylopec tin  g ranu les 
(F igs 2, 5, 6).

F u rth e rm o re  th e  shape of th e  pellicle seems to  be qu ite  in te re s tin g . 
T h ere  are in fold ings (Figs 3, 6) a t  th e  p o s te rio r  p a r t  o f th e  body  w'hich co n ta in  
tu b u la r  or vesicle-like s tru c tu re s .

In  som e specim ens th e  pellicle is fo lded  only s ligh tly  (Figs 1, 3, 6); 
th e se  “ w aves”  seem  to  be m ore or less reg u la r . The subpellicu lar m icro tu b u les  
(F ig . 3) are  s tra ig h t an d  do n o t follow  th e  évag ina tion  o f th e  pellicle.

A t th e  a n te r io r  end th e re  are s lig h t w aves, each one co rrepond ing  to  a 
su b p e llicu la r m ic ro tu b u le  (Fig. 3).

The p a ra s ite  lies w ith in  a p a ra s ito p h o ro u s  vacuole w hich is m em brane- 
b o u n d  (Figs 1, 2, 5), and  som etim es filled  w ith  sm all vesicles or tu b u le s  (Figs 
1, 2, 3, 5, 7). Som e of th ese  vesicles are  p in ch ed  off from  th e  h o st cell m em b ran e  
(F ig . 7).

The in fec ted  cells show' no o th e r  ev idence of dam age; the su rface  of 
th e  in fec ted  e ry th ro c y te s  is sm oo th  a n d  th e re  are only a few sm all vesicles 
or c isternae  w ith in  th e ir  cy top lasm  (F ig . 3).

D iscussion

The fine  s tru c tu re  of Lankesterella  sp. sporozoites from  R an a  p ip ie n s  
as revealed  b y  tran sm issio n  elec tron  m icroscopy is s im ilar to  th a t  o f o th e r 
coccidian sporozoites ( P o r c h e t -FIe n n e r é  an d  V i v i e r , 1971; R y l e y , 1969; B a r - 
d e l e , 1966; R o b e r t s  et al., 1970a, 1970b, 1971) an d  a lm ost id en tica l w ith  
th a t  of sporozo ites o f o th e r Lankesterella  species (Ga r n h a m  et al., 1962; 
S t e h b e n s , 1966; B ü t t n e r , 1968). T he sausage-like organelles w ith  th e  inner 
m em b ran es, also described  from  L . garnham i and  L . hylae, are especially  
in te re s tin g . As fa r as I  know  such  organelles have  n o t been described  from  
an y  o th e r sporozoites. These organelles m ay  therefo re  be ch a ra c te ris tic  of

Figs 1 — 2. Lankesterella  sp. 1, sporozoite  w ith in  an  endothelia l cell of the  liver, 2 4000X ; 
2, cross-section of an  in tra e ry th ro c y tic  sp o rozo ite , 32000X - A b b rev ia tions fo r a ll figures: 
ag, am y lo p ectin  g ran u le ; aw , an te rio r “ w aves” ; c, conoid; go, Golgi a p p a ra tu s  ; h n , host 
cell nucleus; im , in n er m em branes; m b, m em b ran o u s bodies; mi, m ito chondrium ; in n , m icro- 
nem e; m p , m icropore; m t, m ic ro tubu le ; m v , m em brane  of th e  p a rasito p h o ro u s vacuole; 
nu , nucleus; om , o u te r  m em brane; pc, p reco n o id a l rings; p f, pellicu lar folds (“ w aves” ): pi, 
pe llicu lar in fo ld ings; p r , po lar ring ; p v , p a ras ito p h o ro u s  vacuole; rb , re frac tile  b o d y ; ro,

rh o p try ; v a , v acu o le ; ve, vesicle
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F ig . 3. Lankesterella  sp. In tra e ry th ro c y tic  sp o rozo ite ; (-*-) ind ica tes cysternae  a n d  vesicles 
w ith in  the  host cell cy to p la sm a, 27000X
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F igs 4 —7. Lankesterella  sp. 4, M em branous b o d y , w ith  inner, paralle l m em branes (sausage­
like organelle), 31500 X ; 5, In trae n d o th e lia l sp o rozo ite , 32000 X ; 6, In tra e ry th ro c y tic  spo ro ­
zo ite , 18000 X ; 7, In trae n d o th e lia l sporozoite; ( —►) in d ica tes a vesicle w hich is p inched  off 

from  th e  m em brane  of th e  p a ras ito p h o ro u s  vacuole, 25000 X
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Lankesterella. B ü t t n e r  (1968) suggested  th a t  th ere  is a close connection  
b e tw een  food vacuo les an d  th e  m em b ran o u s  bodies. N o such  connections 
h av e  b een  found in  th is  species from  R a n a  p ip ien s . The fin d in g  of tho se  o r­
ganelles, th e  ty p ic a l shape  of th e  p a ra s ite s , an d  th e ir  lo ca tion  w ith in  e ry th ro ­
cy tes  an d  en d o the lia l cells le t us suppose t h a t  th e  organism  is a Lankesterella  
species.

F u rth e rm o re  th e  am oun t of am y lo p ec tin  w ith in  th e  p a ra s ite s  leads to  
th e  be lie f th a t  th e y  h av e  been in th e ir  h o s t cells for a considerab le  len g th  o f 
tim e  w ith o u t d ev e lo p m en t. The sporozo ites o f Lankesterella  m u st e n te r  a second 
h o s t, a “ t r a n s m itte r” , before  th e y  are  ab le  to  in fec t a n o th e r specific v e r te b ra te  
h o s t ( N ö l l e r , 1913, 1920); L a i n s o n , 1959).

T he observ a tio n s on the  p a ra s ito p h o ro u s  vacuole are sim ilar to  tho se  
of th e  earlier a u th o rs .

T he “ w aves”  o f th e  pellicle are  s im ila r to  those  described  b y  R o b e r t s  
et al. (1971) an d  D e s s e r  (1970). T he fa c t t h a t  th e re  are on ly  a few  such  w aves 
on an  a lm ost lo n g itu d in a l section m ay  he  exp la ined  as due to  a p im ple-like 
s tru c tu re  ( H e l l e r , 1972b). The s ligh t w aves a t  th e  a n te rio r  p a r t  are id en tica l 
w ith  th e  an te rio r ridges w hich co rresp o n d  to  th e  su b pe llicu la r m icro tu b u les  
( H e l l e r , 1972 b). T hese w aves seem  to  ex p la in  th e  m ov em en t of th e  o rgan ism s. 
T he Lankesterella  sporozoites were a p p a re n tly  fixed  d u rin g  m o v em en t w ith in  
th e  p a ras ito p h o ro u s  vacuole . T huis suggestion  is su p p o rted  by  ligh t m ic ro ­
scope observa tions on liv ing  Lankesterella  sporozoites w hich  leave th e  e ry th ro ­
cy tes  a lm ost im m ed ia te ly  a fte r b lood  h as  been  ta k e n  from  th e  an im al.

The infold ings o f th e  pellicle a t  th e  po ste rio r end  are  sim ilar to  tho se  
described  b y  B ü t t n e r  (1968; F ig . 5a), b u t  th e  channel-like in fo ld ing  th a t  
th e  described  (F ig. 5b) w as n o t found . In  co n tra s t these infold ings re su lt from  
b en d in g  of th e  p o ste rio r  end o f th e  sporozo ite , as seen in  serial sections an d  
o bserved  w ith  th e  lig h t m icroscope.
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S u m m ary

The fine s tru c tu re  o f Lankesterella  sp . spo rozo ites is a lm ost id en tica l w ith  th a t  of o th e r  
Lankesterella  species; m em braneous organelles (sausage-like organelles) seem  to be especially  
c h a rac te ris tic  o f a ll these  species. T he pellicle is s lig h tly  fo lded du rin g  m ovem en t. T he shape  
o f these  folds o r “ w aves”  is com pared  w ith  t h a t  o f E im eria  stiedai sporozoites as rev ea led  
w ith  th e  scanning  e lec tro n  m icroscope (H e l l e r , 1972b). T he p a rasito p h o ro u s v acuo le  is 
filled  w ith  sm all vesicles w hich are p in ch ed  off from  th e  h o st cell m em brane.
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IMMUNOLOGICAL STUDY OF SWINE 
TRANSMISSIBLE GASTROENTERITIS (TGE)

By

J .  B e n y e d a , E . M o c s á r i  and G y . G a j d á c s

D e p a rtm e n t o f E p izo o tio lo g y  (H ead: J . Mészáhos), U n iv e rsity  of V e te rin a ry  Science, C en tra l 
V e te rin a ry  In s ti tu te  (D irec to r: A. Vá n y i), B u d a p es t, and  V e te rin a ry  In s t i tu te  (D irec to r:

0 .  P bo ko pov itsch ) B ékéscsaba

(R eceived A u g u st 28, 1973)

The usual m echan ism  of passive p ro te c tio n  by  co lostra l an tib o d ies  
includes en te ring  o f an tibod ies in to  th e  c ircu la tin g  blood of the  new born  
an im al. In  connection  w ith  several in fec tious diseases, how ever, inc lud ing  
th e  v iru s  d iarrhoea  (transm issib le  g a s tro en te ritis , TG E ) o f sw ine, th e  m ech­
anism  of passive im m u n ity  is d ifferen t.

Several a u th o rs  (Á l d á sy  et al., 1966; Csontos an d  Sz e n t - I v á n y i, 1971; Mészáros 
et a l., 1967; Szen t- I v á n y i et al., 1964) observed in  ep izootological s tu d ies  o f  T G E  th a t  p ig le ts 
bo rn  2— 3 weeks a f te r  th e  recovery  of th e  sow did n o t develop th e  d isease, a lth o u g h  th e  ag en t 
was s til  p re sen t in  th e  h e rd . I t  was show n la te r  t h a t  in  such  cases p ro tec tio n  was due to  
co lostra l an tibod ies (B o hl  et al., 1972; Csontos el a l., 1973), b u t  n o t via  th e  blood stre am ; 
in th e  case o f T G E , c o n tin u o u s  in ta k e  of colostral a n d  m ilk  an tib o d ies is req u ired  to  neu tra lize  
in g ested  v iru s in  th e  in te s tin a l t ra c t,  before these  cou ld  p e n e tra te  th e  in te s tin a l ep ith e lia l 
cells o f th e  p ig le t (B o hl  et al., 1972; Csontos et al., 1973; H ooper  and  H a elt er m a n , 1966).

In fo rm atio n  w as lack ing  on the  an tib o d y  level req u ired  to  p ro te c t pig lets 
born  in  an  in fec ted  env iro n m en t and  on th e  re la tio n  of m ilk  and co lostral 
a n tib o d y  titre s  to  th e  ceasing of th e  ep izo o ty . S tudies on a field  o u tb reak  
of T G E  are  rep o rted  in  th is  paper to  th ro w  som e lig h t on these  problem s.

Description o f  the outbreak

T he o u tb reak  occurred  in a tra d itio n a lly  m anaged  sw ine farm , w here 
the sow herd  consisted  o f 500 anim als.

O nset o f th e  d isease was firs t observed am ong  feeder sw ine on 22 Ja n u a ry  
1972. T he sow herd  becam e involved on 28— 30 Ja n u a ry  an d  th e  sym ptom s 
subsided  a fte r  6 d ay s. P ig le ts  up to  7 days o ld, b o rn  before  th e  onset of th e  
ep izoo ty , all becam e diseased  and  died w ith in  2— 4 days. T he sam e occurred  
to  th e  p ig lets born  w ith in  14 days from  th e  onset. F rom  th e  14 th  day  on su r­
v ivors w ere found in  severa l diseased litte rs . A m ong th e  p ig lets born  15— 17 
days a f te r  th e  o u tb re a k  losses varied  betw een  50 and  100%  in m ost of th e  
litte rs , b u t  in  a few l i t te r s , piglets did n o t becom e invo lved  a t  all.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



160 BENYEDA et al.

N either d isease, n o r losses o ccu rred  am ong th e  p ig le ts  bo rn  a fte r  th e  
1 7 th  day . Losses w ere recorded  fo r 7 d ay s.

D uring th e  p e rio d  o f epizootological o b serva tion , blood and  m ilk  sam ples 
w ere  collected from  29 sows a t d iffe re n t in te rv a ls  for v iru s  n e u tra liz a tio n  te s t .

Collection o f  test material

Sam ples of b lood  and  m ilk w ere collected  from  th e  sows be tw een  12 
a n d  24 days a fte r th e  onset of th e  ep izo o ty . As th e  o u tb reak  occurred  in  a fa r ­
row ing  period, p ig le ts  w ere born  n e a r ly  ev ery  day . M ilk sam ples w ere w ith ­
d raw n  on the  d ay  o f  farrow ing  an d  3, 5 and  7 days la te r  a t  ran d o m  from  
1— 2 te a ts . B lood sam ples were ta k e n  on th e  d ay  of farrow ing  and  7 days 
la te r  from  th e  c ran ia l vena  cava. F if te e n  I .U . of oxy tocin  w ere in jec ted  in to  
th e  cran ial vena cav a  p rio r to  m ilk  sam p lin g ; m ilk secretion  began  1 —3 m i­
n u te s  a fte r th e  in jec tio n .

V iru s stra in

The CKp s tra in  (Csontos  et al., 1973) was used for v iru s  n e u tra liz a tio n
te s t .

Blood sera and colostral (m ilk )  whey

Milk sam ples w ere sk im m ed b y  cen trifu g a tio n , th e n  1/1 Oth vo lum e of 
a 10%  solution  o f c lo ttin g  su b stan ce  w as added  and  th e  sam ple was in c u b a te d  
fo r 60 m inutes a t  37 °C, a fte r a second  cen trifu g a tio n  th e  w hey  w as collected 
b y  p ip e ttin g . S erum  and  w hey sam ples w ere in a c tiv a te d  a t  56 °C fo r 30 
m in u tes  and  s to re d  a t  —20 °C u n til  te s te d .

V irus neutraliza tion  test

Serial d ilu tio n s  of serum  w ere ad d ed  to  100 T C ID 5O/0.1 m l v iru s . The 
v iru s-se rum  m ix tu re  w as in c u b a te d  fo r 60 m inu tes a t  37 °C an d  0.2 m l am o u n ts  
from  each d ilu tio n  w ere in o cu la ted  in to  2— 3 tub es of seco n d ary  sw ine th y ro id  
cell cu ltu re . F in a l read in g  was m ad e  3 day s a fte r  in o cu la tio n . T he a n tib o d y  
t i t r e s  of serum  an d  w hey w ere exp ressed  as th e  h ig h est d ilu tio n  p roducing  
com plete  in h ib itio n  o f v ira l c y to p a th ic  effect.

R esults

V irus-n eu tra liz in g  an tib o d ies  began  to  ap p ea r in  serum  an d  w hey 
sam ples from  sows 14 days a fte r  th e  onse t of illness. A ll th e  sows farrow ed 
betw een  th e  1 5 th — 17th  day  a f te r  th e  onset of th e  ep izo o ty  h ad  an tib o d ies ,
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a lth o u g h  some o f th e m  a t  scarcely m easurab le  levels. T he t i t r e s  rose g radua lly  
u n til  th e  closing o f observ a tio n  on th e  21st to  23rd  day .

M ean a n tib o d y  ti tre s  w ere ca lcu la ted  from  four m ilk  sam ples and tw o 
serum  sam ples from  each  sow. G roup averages w ere th e n  calcu la ted  from  
in d iv id u a l m ean va lu es  for th e  periods show n in  Fig. 1. T he average a n tib o d y  
levels th u s  o b ta in ed  w ere th en  p lo tte d  ag a in s t p ig le t losses (Fig. 1).

Fig. 1. T he re la tio n sh ip  b e tw ee n  th e  serum  an d  m ilk  an tib o d y  levels o f sows recovered from  
T G E  an d  m o rta lity  ra te  of th e ir  new born  p ig le ts

In d iv id u a l serum  and  w hey titre s  show ed considerab le  v a ria tio n s, 
ran g in g  from  1 : 1 to  1 : 256 and  1 : 1 to  1 : 64, re spec tive ly . W hey  an tib o d y  
levels d id  no t n o ta b ly  change in th e  m a jo rity  o f th e  cases betw een  the  f irs t 
and  sev en th  d ay  a f te r  farrow ing , w hereas serum  a n tib o d y  levels were, w ith  
th e  excep tion  of 6 sows, h igher a fte r 7 days th a n  on th e  d ay  of farrow ing.

Discussion

The p resen t s tu d ies  disclosed a close inverse  co rre la tio n  betw een m ilk 
an d  serum  an tib o d y  levels o f th e  sow and  th e  losses from  T G E . No an tibodies 
were found  in th e  se ru m  and  m ilk  o f sows u n til  14 days a f te r  onset. In  accord­
ance w ith  th is , p ig le t m o rta lity  ap p ro x im a ted  to  100%  d u rin g  th a t  period.

Those sows w hich  farrow ed betw een  15 an d  17 days a fte r  onset h ad  
v a rious levels of v iru s-n eu tra liz in g  an tibod ies in  serum  an d  m ilk . A ccordingly, 
p ig let losses began to  decrease also in  affected  litte rs .

Some of th e  l i t te rs  born  in  th a t  period  w ere a lread y  free from  disease. 
An inverse co rre la tion  could  be d em o n stra ted  betw een  th e  a n tib o d y  con ten ts 
o f sow ’s m ilk and  b lood  and  p ig let m o rb id ity  and , especially , m o rta lity . 
The ep izoo ty  ceased also in  th e  suckling  p ig le ts b y  th e  2 1 s t— 23rd day , 
w h ereafter no fu r th e r  p ig le t becam e ill (See F ig . 1).

D isease incidence am ong piglets did n o t im m ed ia te ly  cease upon th e  
ap p earan ce  of an tib o d ies  in  co lostrum  and  m ilk , owing to  th e  in itia l low level
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o f an tib o d ie s  and to  th e  s till heav ily  in fec ted  env ironm ent. T he p resen t find ings 
su g g est th a t  th e  p ro te c tio n  of p ig le ts  from  TG E requ ires a m ean co lostral 
a n d  m ilk  an tib o d y  level o f 1 : 8 or h ig h er; th is a n tib o d y  level p rev en ts  in ­
fec tio n  in  th e  m a jo rity  o f th e  cases an d  suppresses th e  in te s tin a l m u ltip lica tio n  
o f  th e  v iru s  in th e  p ig le ts  w hich y e t becom e infected ; th e re b y  sp read ing  of 
v iru s  to  th e  en v iro n m en t is con sid erab ly  reduced . R ed u c tio n  o f en v iro n m en ta l 
co n ta m in a tio n  also seem s to  p lay  an  im p o r ta n t role in  th e  ceasing of th e  o u t­
b re a k .

In  m ost cases, m ilk  a n tib o d y  leve l d id  no t n o ta b ly  change in  th e  f irs t  
w eek  a fte r  farrow ing . T h is seem s to  c o n tra d ic t th e  p rev a ilin g  concep t th a t  
co lo s tra l and  m ilk a n tib o d y  ti tre s  do n o t  change for tw o d ays a fte r  farrow ing , 
th e n  decrease 2— 8 tim es d u ring  th e  su b seq u en t 2— 3 d ays and  rem ain  a t  th a t  
leve l for a longer perio d  (Cs o n t o s  et al., 1973). The co n tro v ersia l find ings 
seem  to  be ex p la inab le  b y  th e  fa c t t h a t  in the  p re se n t s tu d y  th e  im m une 
resp o n se  of th e  sows h a d  n o t reach ed  its  peak  b y  th e  tim e  of farrow ing . 
T h e  observation  th a t  all b u t  a few  sows had  higher se rum  a n tib o d y  ti tre s  
a f te r  7 days th a n  a t  farrow ing  w eighs in  favour o f th is  in te rp re ta tio n .

Im p o r ta n t conclusions can  also be d raw n in re sp ec t o f  ac tiv e  im m u n i­
z a tio n ; in  an  im m unized  h e rd , no su scep tib le  in d iv idua ls m u st be le f t; such 
an im a ls  m igh t tra n s fe r  th e  in fec tio n  to  th e  progeny o f v acc in a ted , b u t  n o t 
fu lly  im m une, sows.
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Sum m ary

The corre lation  be tw een  th e  decrease  an d  ceasing of p ig le t m o rb id ity  an d  m o rta lity  
fro m  transm issib le  g a s tro en te r itis  (T G E ) on th e  one hand an d  th e  increase  o f co lostra l and 
m ilk  a n tib o d y  levels o f th e  sows on th e  o th e r  w as investiga ted  d u rin g  a field  o u tb rea k  of T G E. 
B lood and  m ilk sam ples w ere ta k e n  from  th o se  sows which farrow ed  be tw een  12 an d  23 days 
a f te r  th e  onset o f th e  ep izoo ty . B lood sam ples w ithd raw n  on th e  d a y  of farrow ing and  7 days 
la te r ,  an d  m ilk sam ples co llected  a t  fa rro w in g  a n d  a fte r 3, 5 an d  7 d ay s were te s te d  fo r v iru s­
n eu tra liz in g  an tibod ies . T he an tib o d y  t i t r e s  show ed an inverse co rre la tio n  w ith  th e  p ig le t m o r­
b id ity  and m o rta lity  in  th e  period  o f th e  ep izoo ty . I t  was concluded th a t  a m ean  co lostra l and 
m ilk  a n tib o d y  t i t r e  o f 1 : 8  o r h ig h er is req u ired  to stop  disease an d  losses am ong th e  
suck ling  piglets.
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STUDIES ON THE DEVELOPMENT 
OF E IM E R IA  LEPORIS (PROTOZOA : SPOROZOA) 

AND ON ITS PATHOGENICITY FOR THE HARE 
(.LEPUS EUROPAEUS PALL.)

B y

L. P e l l é r d y , M. H ö n i c h  and L. S u g á r

D e p a rtm e n t o f P a ra sito lo g y  (H ead: P rof. T . K o b u l e j), U n iv ersity  o f V e te rin a ry  Science, 
B u d ap est an d  W ildlife Biology S ta tio n  (H ead : T. F odor), B udakeszi

(Received O c to b e r  6, 1973)

Eim eria leporis w as th e  f irs t in te stin a l h a re  coccidium  described  as a valide  species 
on th e  basis of oocyst m orphology  and negative  in fec tio n  experim ents in  ra b b its  (N ie s c h u l z , 
1923). In  th e  ’tw en ties, N iesc h u l z  regarded a ll o th e r  in testin a l coccidia: o f th e  hare  (Lepus 
europaeus) iden tica l w ith  Eim eria perforons, a p a ra s i te  o f th e  ra b b it  (Oryctolagus cuniculus). 
A ccording to  p resen t know ledge, Lepus species h a v e  a b o u t 13 E im erian  pa rasites  w hich  can  
be d iffe re n tia te d  from  ra b b it  in te stin a l coccidia b y  oocyst m orphology. T h e ir  host spec ific ity  
has been  p ro v ed  by  n eg ativ e  cross infection e x p e rim e n ts  (P e l l é r d y , 1956, 1965).

A ltho u g h  th e  h o s t specificity  o f E im e r ia  leporis is now  obvious, l i t t le  
is know n a b o u t its  o th e r  p roperties. T h e  endogenous cycle an d  p a th o g en ic ity  
as w ell as th e  sy m p to m s an d  gross lesions occurring  in E im eria  leporis-coc- 
cidiosis are  poorly  u n d ersto o d . In  order to  f ill th is  gap o f know ledge, carcases 
of hares collected in  th e  W ildlife B io logy  S ta tio n  were ex am in ed  reg u la rly  
in  g rea t d e ta il and  an im als were e x p e rim e n ta lly  in fec ted . T he find ings are  
rep o rted  in  th is  p ap er.
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Material and M ethods

E x a m in a tio n  of th e  carcases of 227 sp o n tan eo u sly  d ied  hares su b m itte d  
to  th e  W ildlife B iology S ta tio n  in 1972 a n d  1973 showed th a t  th e  d e a th  o f 
14 an im als h ad  been due  to  coccidiosis. T h e  E im erian  species occurring  in  
th e  carcases were id en tified  and  th e ir  d is tr ib u tio n  was d e te rm in ed . T he in ­
te s tin es  o f  fresh  carcases an d  of hares k ille d  in  an advanced  stage  o f coc­
cidiosis w ere fixed  in  fo rm alin  im m ed ia te ly  a f te r  rem oval an d  th e  sections 
p rep a red  from  th em  w ere s ta ined  w ith  h a e m a to x y lin  and  eosin, an d  M allory’s 
s ta in  for fu r th e r  s tu d y .

T he sequence of endogenous stages co u ld  n o t, of course, he precisely  e s ta b ­
lished b y  th is  m ethod , b u t  schizonts an d  g am o n ts  o rig ina ting  from  infections 
a t  d iffe ren t tim es could be followed up in  se ria l sections an d  a close s tu d y  o f  
th e  v a rio u s ty p es of sch izon ts enabled a t e n ta t iv e  assessm ent of th e  sequence 
and  n u m b e r of schizogonie generations.
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Two hares aged 2.5 to  3 m o n th s w ere availab le  fo r exp erim en ta l in ­
fec tio n . To d e te rm in e  th e  p re p a te n t p erio d , these  w ere in fec ted  orally  w ith  
tw o  million sp o rn la te d  E im eria  leporis oocysts each. T he infectious m a te r ia l 
w as tak en  from  an  ab o u t 1-year-old  h a re , w hich ex c re ted  alm ost exc lusive ly  
E im eria  leporis oocysts , and  w as k illed  in  th e  p rem o rta l s ta te . In  a d d itio n  
to  a redescrip tion  of E im eria  leporis oocysts , th e  m orphology  of th e  en d o g ­
enous stages an d  th e  p re p a te n t p erio d , p a th o g en ic ity  of E im eria  leporis, 
a n d  th e  gross lesions due to  th e  e s ta b lish m e n t of th e  coccidia in the  in te s tin e , 
a re  described a n d  th e  possible im m une  response is d iscussed  in th is r e p o r t .

E im eria  leporis N ieschulz, 1923

The oocysts are slim , e llip tic  or o ften  of a b e n t bean - or k id n ey -sh ap e  
(F igs 4— 5). T h ey  m easure 23— 38 b y  12 —20 p .  These dim ensions ro u g h ly  
correspond to  th e se  given b y  N ie s c h u l z  —  26—38 b y  13— 20 p .  (a v e ra g e : 
32 b y  16 p) —  ex cep t for th e  low er lim its . The oocyst Avail is lig h t, sm o o th , 
a b o u t 1.5 p  th ic k  an d  b ilayered ; i t  b ea rs  a m icropyle w hich is re p re se n te d  
b y  a 2—4 p  w ide lig h te r region of th e  w all a t  one pole (F igs 4 —5). T h is a re a  
is m ade m ore conspicuous b y  glycerol tre a tm e n t;  th e  oocysts appear to  h a v e  
s ligh tly  f la tte n e d  in  th e  en rich m en t m ed iu m ; th e  m icro p y la r area even  b e ­
com es in d en ted  (F igs 4— 5). O ocysts m a in ta in e d  for sev era l days in  p o ta s s iu m  
b ich ro m ate  so lu tio n  show creases of th e  in n er layer, converg ing  to w ard s  th e  
m icropyle (F ig . 5). In  freshly  passed  oocysts, th e  sp o ro n t is elongated  or ro u n d , 
1 2 —14 p in  d ia m e te r , w ith  sh a rp  co n to u rs  an d  a g ra n u la r  cy top lasm  w ith  
w ell-visible n u c le a r  and nucleo lar co n tou rs.

S p o ru la tio n  tak es  2 — 3 days a t  room  te m p e ra tu re . D uring th is  p e r io d  
p y ram id  s tag es , rep resen ted  b y  re c ta n g u la r  or ta p e r in g  sporoblasts in  th e  
oocyst, can be observed . The p y ra m id  stages d isap p ea r a fte r h a lf  to  one 
h o u r, suggesting  th a t  tran sfo rm a tio n  ta k e s  a rap id  course. An oocyst re s id u u m  
appears a fte r  spo ro cy st d ev e lo p m en t, rough ly  in  th e  cen tre  of th e  o o c y s t 
(F ig. 5); th is  is u su a lly  a reg u la r sp h erica l body  w ith  sh a rp  con tours, 6— 7 p  

in  d iam eter, co n ta in in g  granu les o f v a rio u s  sizes. T he oocysts have no  p o la r  
bodies.

The sp o ro cy sts  (Fig. 5) are  oval in  shape , b lu n tly  tap e rin g  a t  one e n d , 
on which th e y  b e a r  a b u tto n -lik e  S tied a  body . The spo ro cy st wall is d o u b le - 
con toured . T h e  sporocysts m easure  9— 10 b y  6 —7 p  in side  th e  oocyst, o u ts id e  
th e y  are so m ew h at larger, 10—14 b y  6 —8 p .  The sporozoites are n a rro w e r  
a t  one end co m p ared  to  th e  o th e r an d  a few re frac tile  granules am ong  th e m  
seem to re p re se n t th e  sporocyst re s id u u m . Sporozoites released by  c o m p re s ­
sion were sausag e-sh ap ed  an d  m easu red  8 by  2 p .
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Figs 1 — 3. 1, p a r tly  opened  sm all in testine o f h a re . Severe in te s tin a l coccidiosis; 2 —3, m acro- 
gam o n ts from  m ucosal scrap ings (u n sta in ed ). X 500 and  1000

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



166 PELLÉHDY et al.

Endogenous stages

E ndogenous d ev e lo p m en t could  n o t  be  s tu d ie d  w ith  th e  desired accu racy  
fo r  lack  of a p u re  o o cy st m a te ria l an d  oocyst-free  hares; a t  all ev en ts , th e se  
req u irem en ts  c a n n o t be m et w ith  th e  p re se n t ex p e rim en ta l te ch n iq u e . T h u s 
o u r findings a re  ap p ro x im a tio n s  a t  th e  p ro b a b ility  level of 300—500 : 1, 
because  one in  a b o u t  every  300—500 oocysts  fo u n d  in  th e  faeces of th e  h is to ­
log ically  ex am in ed  h a re  belonged  to  a species o th e r  th a n  E im eria  leporis 
(E im eria  robertsoni, E im eria  sem isculpta , E im eria  europaea or E im eria  hun- 
garica).

The d u ra tio n  o f  th e  p re p a te n t  p e rio d  w as d e te rm in ed  as one w eek  on 
th e  basis o f th e  e x p e rim e n ta l in fec tio n  o f  th e  tw o y o ung  hares. F aeca l sam ples 
w ere exam ined  d a ily  to  follow u p  th e  tim e  w hen  an a b ru p t increase o f oocyst 
o u tp u t  took  p lace  in  th e  stoo l o f th e  a n im a ls . I t  should  be n o ted  th a t  th e  tw o  
h a res  h ad  been  s lig h tly  in fec ted  w ith  coccid ia  b y  th e  tim e  o f th e  e x p e rim en ta l 
in fection . One r a b b i t  (No. 1) d ied  4 day s a f te r  in fection  and  a t  th is  tim e  th e  
o th e r  an im al seem ed  listless. H are  N o. 1 h a d  only  few E im eria  leporis oocysts  
in  th e  in te s tin a l c o n te n ts ; N o. 2 co n tin u e d  to  pass few oocysts, scored as one 
cross (-)-) u n ti l  th e  7 th  d ay  w hen  th e  q u a n t i ty  of th e  E im eria  leporis a b ­
ru p tly  reached  th e  level scored as (-)- +  +  +  )•

The endogenous stages w ere s tu d ie d  in  sections p rep ared  from  th e  in ­
te s tin es  of an  a b o u t one-year old h a re  w ith  an  a lm o st p u re  Eitneria  leporis- 
coccidiosis, a n d  o f  h a re  N o. 2, k illed  in  a p re m o rta l s ta te  12 days a f te r  th e  
ex p erim en ta l in fec tio n .

E ndogenous stages occurred  a long  th e  en tire  len g th  of th e  sm all in ­
te s tin e , u su a lly  in  ep ith e lia l cells o f th e  m ucous m em brane, less o ften  sub- 
ep ithe lia lly , dow n  to  th e  m uscu laris  m ucosae  (Figs 27— 28). S om etim es 3 to  
5 p arasites w ere  seen in  a single e p ith e lia l cell (Figs 8, 13, 26, 27 a n d  28). 
E ndogenous s tag es  o f sim ilar age fo rm ed  isle ts  or foci in  th e  m ucous m e m b ra n e , 
occasionally fo rm in g  a coheren t co a t on one or a n o th e r in te s tin a l v illu s  (F igs 
10, 27 and  28), suggesting  th a t  th e  p a ra s ite s  in  each  isle t be longed  to  th e  
progeny of m ero zo ites  re leased  from  a single sch izont.

A t le a s t tw o  ty p es could be d is tin g u ish ed  am ong th e  schizogonie s tages. 
The sch izonts d esig n a ted  b y  us as ty p e  A  (F igs 6, 7, 8) w ere less o fte n  e n ­
coun tered  th a n  ty p e  B, rep resen tin g  p ro b a b ly  an  earlie r schizogonie g en e ra ­
tio n . This seem s th e  m ore p ro b ab le  as th e  m a jo rity  o f th e  endogenous s tages 
found b y  us w ere gam onts (Figs 27 a n d  28), am ong w hich m an y  ty p e -B  
schizonts re p re se n tin g , in our op in ion  a la te r  (or p ro b ab ly  th e  la s t)  sch iz ­
ogonie g e n e ra tio n , occurred  in  fa ir ly  la rg e  num bers.

T y p e-А sch izon ts (Figs 6, 7, 8 a n d  22) are 6 —14 p  in  d ia m e te r  an d  
contain  2— 8 (som etim es m ore) sh o rt, s to u t  m erozoites, 4.8 b y  1 .5 —3 p  in  
size, a rran g in g  like  th e  slices o f an  o range . O ne or m ore schizonts are  su rro u n d e d
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Figs 4 —5. F resh ly  passed  and spo ru la ted  E im eria  leporis oocysts. X 950 and  1000
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b y  a p a ra s ito p h o ro u s  vacuole  resem b lin g  a pale halo . T he m erozoites h av e  
c e n tra lly  or a lm o st cen tra lly  p laced  n u c le i and a hom ogeneous cy to p lasm , 
ta k in g  on a d a rk  b lue  eosin s ta in . N o resid u u m  is p re sen t in th e  sch izon ts.

T ype B -sch izon ts (Figs 9, 10, 11 a n d  12) are 10— 20 p  in  d iam e te r , or 
even  la rger an d  h av e  in d is tin c t c o n to u rs . T hey  are  a rran g in g  in  g roups or 
n e s ts . The sm alle r —  p ro b ab ly  y o u n g e r —  form s usu a lly  co n ta in  16, th e  la rg e r 
—  older —  ones m ore (30— 50) m ero zo ites . The sch izon t is su rro u n d ed  by  
a d is tin c t p a ra s ito p h o ro u s  vacuo le , m uch  la rger th a n  th e  sch izon t itse lf. 
T h e  slim  m erozo ites, 8— 10 by  1— 1.5 p  in  size, ta p e r  a t  th e  ends an d  h av e  
th e  nucleus n e a rb y  one pole. T he sch izo n ts  are arran g ed  in  la rg e r g roups 
in  th e  lac tea ls  o f th e  v illi; such foci m ay  co n ta in  several h u n d red  m erozo ites. 
T here  is no sch izo n t res id u u m .

A sp o rad ic  occurrence o f sch izo n ts  o th e r th a n  ty p e-A  or ty p e -B  >vas 
also n o ted . T hese  co n ta in ed  tw o or fo u r s to u t, 12— 16 p long m erozo ites, in 
w hich  eigh t to  10 d a rk  spo ts, p ro b a b ly  correspond ing  to  th e  nuclei, w ere seen. 
Such m u ltin u c lc a te d  m erozoites are  k n o w n  w ith  severa l E im eria  species 
an d  are reg a rd ed  as th e  predecessors o f  a gam étogonie genera tio n ; th e re  is, 
how ever, as y e t  no evidence to  su b s ta n tia te  th is  a ssum ption .

T he m acro g am o n ts  (Figs 2, 3, 7, 8, 16, 17 an d  20) usually  localize sub- 
ep ith e lia lly  in side  cells. E a rly  m acro g am o n ts  (Fig. 28) are  3— 5 p in  d ia m e te r  
an d  ta k e  on a hom ogeneous h a e m a to x y lin  s ta in ; o ften  fou r or five  o f th em  
m ay  be p re se n t in  a single cell. A d is tin c tiv e  p a rasito p h o ro u s vacuole ap p ears  
early  a ro u n d  th e  fem ale g am on t. L a te r  co n to u rs  of nuclei ap p ear in  th e  d ev e l­
oping m ac ro g am o n t; th ese  m ay  re a c h  5 p  and  inside th em  th e  nucleo lus is 
2 p  in  d ia m e te r  (Figs 21 and  22). T h e  grow ing m acrogam on ts te n d  to  loose 
s ta in in g  a f f in ity  and  b lue  or eosinophilic  granules a p p ea r in th em . In  o lder 
fem ale cells th e  granu les recede to w a rd s  th e  p e rip h ery , th u s  th e  e n tire  c y to ­
p lasm  becom es fin e ly  g ran u la r  and  eosinophilic, w hereas th e  nucleus an d  
nucleolus ta k e  on a d a rk e r h a e m a to x y lin  s ta in . In  th is  phase th e  fem ale 
gam o n ts  a re  20— 25 p in  d iam e te r, th e  receded  granu les agg regate  a long  th e  
perip h ery  a n d  fuse in to  th e  fu tu re  oocyst wall. T hese m acro g am o n ts  are 
a lready  e longated  bodies g rad u a lly  ta k in g  th e  b e n t e llip tic  shape o f E im eria  
leporis oocysts  (Figs 23, 24 an d  25). O ocysts w ith  w all m easu red  22— 32 
b y  12— 18 p  in  h isto log ical sec tions (F ig . 26) an d  th e  cy top lasm  filled  th e  
en tire  space w ith in  th e  cyst w all.

T he m icro g am o n ts  (Figs 14— 19), 3—4 p  in d iam ete r, h av e  a d a rk - 
b lu e -s ta in in g  cy to p lasm  and are  su rro u n d ed  b y  a p a ras ito p h o ro u s  v acu o le .

Figs 6— 16. 6— 8, T y p e-А schizonts. G am o n ts  are also seen in  F igs 7 and  8. X a b o u t 1000; 
9— 12, T y p e -В sch izonts. In  Fig. 9, n o te  th e  y oung  stages, in  w hich  no m erozoites h av e  y e t 
developed. X a b o u t 1000; 13, E a r ly  gam étogon ie  stages. X ab o u t 1000; 14— 16, M icro­
gam onts. T he beg inn ing  o f lo b u la tio n  is w ell v isib le in  Figs 14 an d  16. Two a d v an ced  m acro ­

gam o n ts can  be  seen  in  Fig. 16. X a b o u t 1000
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L a te r  th e  contours of m a n y  nuclei a p p e a r  in  th e  cy top lasm  (Figs 15 an d  17), 
th e  irre g u la rly  sh ap ed  m icrogam on ts becom e lo b u la r and  a t ta in  15— 20 ft 
in  d ia m e te r  (Figs 14, 15 and  23). T h e  n u c le i a rrange along th e  p e rip h e ry  o f 
th e  lo bu les, w hich la te r  becom e d e ta c h e d  from  one a n o th e r an d  y o u n g  m icro ­
g am e te s  ap p ear in  each  a ro u n d  a l ig h t res id u u m  (Figs 16— 19). T he m ic ro ­
g am e te s  in itia lly  resem ble  sp lin te rs , la te r  th e y  elongate to  form  slim  cells, 
ly in g  p a ra lle l to  one a n o th e r  an d  tw is tin g  a round  a c e n tra lly  p laced  d a rk  
re s id u u m  in a reg u la r  m erid ian -like  p a t te rn  (Fig. 19). T he m icrogam ctes 
m easu re  2.5—4 b y  0 .3— 0.5 ft, th e  c e n tra l  res id u u m  is ab o u t 6— 8 ft in  d iam e te r. 
M a tu re , in  all p ro b a b ility  re leased , m icrogam etes are o ften  found  in  th e  
re la tiv e ly  large p a ras ito p h o ro u s  v acu o le  su rround ing  th e  m ic ro g am o n t an d  
b e tw een  cells in  th e  a d ja c e n t tissues. O ne or m ore fresh ly  p e n e tra te d  m ic ro ­
g am etes  are freq u en tly  seen in  m acro g am ctes .

Pathogenicity o f  E im eria  leporis

N ie s c h u l z  (1923) exam in ing  th e  carcases of 50 hares  sh o t as gam e, 
fo u n d  in  those  m assive ly  in fec ted  w ith  coccidia several sm all g rey ish -w h ite  
foci in  th e  sm all in te s tin e s . Such foci i f  v e ry  num erous, g re a tly  in te rfe re  w ith  
a b so rp tio n . N i e s c h u l z  found ch ie fly  gam étogonie stages b y  h isto log ica l 
e x a m in a tio n  and  th e  re la tiv e ly  sm all n u m b e r of oocysts en co u n te red  b y  h im  
in  th e  in te s tin a l lu m en  clearly  show ed  th a t  p a th o g en ic ity  h a d  been  a t  p eak  
p r io r  to  oocyst d eve lopm en t.

H ares develop a clinical or even  le th a l coccidiosis u n d e r special c ircu m ­
s ta n c e s , w hen re in fec tio n  is c o n tin u o u s ly  occurring , e. g. in  h a re  b reeds, o r 
d u rin g  tra n sp o r t;  th is  is th e  reason  w h y  le th a l coccidiosis is so freq u en t u n d e r  
su ch  conditions. T he m o rta lity  is in c rea sed  by  the  stress u n av o id a b ly  im posed  
u p o n  th e  anim als b y  tra n s p o r t  (G o l o s i n  and  T e s iC, 1963, G o l o s in  et al. 
1963, an d  T e s iC et a l. 1963).

In  S w itzerland , B o u v ie r  (1967) observed  in  hares in te s tin a l coccidiosis 
m a n ife s ted  as a severe en te ritis . T h e  m ain  causal agen ts o f th is  disease w ere  
E im e r ia  leporis an d  E im eria  hungarica. The sm all in te s tin a l ep ith e liu m  w as 
fo u n d  to  d esq u am ate  in  large p a tc h e s  and  m any  endogenous stages w ere 
lo caliz ing  in  th e  m ucosa of th e  a ffec ted  in te s tin a l segm ents.

W e observed in  carcases of h a re s  su b m itte d  from  v ario u s  areas o f H u n ­
g a ry  a n o n -h aem o rrh ag ic  in te s tin a l c a ta r rh  and  e n te ritis . T he m esen te ric  
vesse ls were congested  and  th e  cap illa rie s  of th e  in te s tin a l w all w ere in je c te d .

P o st m ortem  ex am in a tio n s o f  sp o n tan eo u sly  died  and  ex p e rim e n ta lly

F igs 17— 26. 17— 19, m icrogam onts w ith  m icrogam etes. X a b o u t 1000; 20 —22, M acroga- 
m o n ts . N ote  th e  f la tte n e d , b e n t sem ilu n ar nuc leu s o f th e  host cell in F ig . 21 an d  th e  sch izo n ts 
in  F ig . 22. X ab o u t 1000; 23—25, m a tu re  m acrogam etes. Two lo b u la r  m ic ro g am o n ts a re  

also visible in  F ig . 23. X ab o u t 1000; 26, In d en ted  oocyst w alls. X a b o u t 1000
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in fec ted  hares showed th a t  a p a r t  from  th e  above, o ften  sligh t, in f la m m a to ry  
p h en o m en a , the  m ain  gross lesion is re p re se n te d  b y  greyesh-w hite  foci 1— 2 
m m  in  d iam e te r along th e  en tire  le n g th  o f th e  sm all in te s tin e , above all in  
th e  ileum . T he foci a re  w ell-v isib le th ro u g h  th e  serosa before exposu re  o f th e  
in te s tin e . In  th e  case o f  m assive in fec tio n s, co n fluen t foci m ay  fo rm  g y ru s­
like  irre g u la rly  creased a rea s  of a g rey ish -g reen ish -w hite  colour, v isib le  th ro u g h  
th e  in te s tin a l wall. In  th e  opened  in te s tin e , en larged  in te s tin a l villi a re  grossly 
v isib le  in  th e  area of th e  co n flu en t focal lesions. The cap illaries o f th e  in te s tin a l 
w all a re  d ila ted  and  co n gested , and  sc a tte re d  groups of g ran u lo cy tes  in d ica te  
an  in f la m m a to ry  process. M icroscopically th e  grey ish -w hite  m ucosal scrap ings 
a re  fo u n d  to  be pack ed  w ith  d iffe ren t s tages, ch iefly  gam on ts an d  oocysts, 
o f E im eria  leporis (F igs 2 and  3).

S tud ies were c a rr ie d  ou t on tw o  h a re s , aged 2.5 an d  3 m o n th s , w hich 
h a d  been  infected  ex p e rim en ta lly  w ith  a m a te ria l con ta in in g  a lm o st exclu ­
s iv e ly  sp o ru la ted  E im eria  leporis oocysts. Two m illion oocysts w ere ad m in ­
is te re d  to  each an im al b y  th e  oral ro u te . B o th  an im als h ad  a n a tu ra l  E im e­
ria  leporis in festa tio n  a t th e  beg inn ing  o f  th e  ex p erim en t; th e  in fec tion  of 
N o. 1 w as o f a low degree, th a t  of N o. 2 o f a sligh tly  h igher degree.

H are  No. 1 d ied  on th e  fo u rth  d a y  a fte r  ex p erim en ta l in fec tio n ; u n ­
fo r tu n a te ly , its  d ea th  w as no ticed  too  la te  so th a t  its  p u tre fied  organs w ere 
no lo n g er su itab le  for h isto log ica l p rocessing . P o s t m ortem  ex am in a tio n  of 
th e  em ac ia ted  carcase rev ea led  d e a th  h av in g  been caused  by  a severe e n te ritis . 
B esides, a m edium -degree m yo card ia l d egenera tion  and  conseq u en t ca rd iac  
d ila ta tio n  occurred. R e la tiv e ly  few E im eria  leporis oocysts w ere found  in 
th e  in te s tin a l c o n ten ts ; th is  was n o t a su rp rise  because th e  h are  died  d u ring  
th e  schizogonie cycle o f endogenous d ev e lo p m en t, supposedly  due to  lack  of 
a n a tu ra l  infection  su ffic ien t to  in d u ce  an a p p ro p ria te  im m une  response.

H are  No. 2, w h ich  h ad  been m ore m assively  in fec ted  n a tu ra l ly  th a n  
h a re  N o. 1, supposedly  possessed a f irm e r  p ro tec tio n . To o b ta in  fresh  organs 
fo r h isto log ical ex am in a tio n  hare  N o. 2 w as k illed  in  th e  p re m o rta l stage  
12 day s a fte r th e  e x p e rim e n ta l in fec tio n .

A t post m ortem  ex am in a tio n  o f h are  No. 2, co n flu en t focal lesions, like 
th o se  described  in th e  foregoing, w ere seen along th e  en tire  len g th  o f th e  sm all in ­
te s tin e  (F ig. 1), b u t  th e  la rg e -in te s tin a l m ucosa ap p eared  in ta c t.  T he liv e r w as 
sm all, th e  p erip o rta l reg ions of each o f its  lobes show ed m ap-like spo ts d ipp ing  
s lig h tly  below th e  su rface . In  th e  ch an g ed  areas, of th e  size of a sm all coin 
or sm aller, confluen t yellow ish  foci, filled  by  a caseous sub stan ce , w ere found . 
B acterio log ica l e x am in a tio n s  w ere n eg a tiv e ; h isto log ically  necrosis o f th e  
p a re n c h y m a  was fo u n d  in  th e  co n flu en t foci. The presence o f a young , p ro ­
life ra tin g  connective tis su e  in  th e  foci in d ica ted  an  early  stage  of o rg an iza tio n , 
w hereas th e  h e te ro p h ilic  g ranu locy tes su rro u n d in g  th e  foci sign ified  an  acu te  
d em arca tio n  process.
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F igs 27—28. In te s tin a l villi packed w ith  va rio u s d ev elo p m en ta l stages. Chiefly m acrogam onts 
are seen in Fig. 27, b u t  schizogonie stages are  also p re sen t (cen tre). M any young gam étogonie 

stages are seen to  invade  ep ithe lia l cells o f th e  villi in Fig. 28. X ab o u t 500
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H a re  No. 2 developed  clinical E im eria  leporis-coccidiosis an d  w as k illed  
in  th e  p re m o rta l s tage  o f  th e  d isease. T he histo logical fin d in g s con firm ed  
th e  clin ica l d iagnosis: th e  schizogonie a n d  gam étogonie s tages an d  oocysts 
o f  E im eria  leporis w ere p resen t in  la rg e  num bers w ith in  ep ith e lia l cells o f 
en la rg ed  sm all-in testin a l v illi an d , su b ep ith e lia lly , in th e  co nnec tive  tissu e . 
T h e  m a jo r ity  of th e  oocysts found  in  th e  in te s tin a l co n ten ts  w ere E im eria  
leporis;  a f te r  a rtif ic ia l sp o ru la tio n , o u t o f  700 oocysts e igh t E im eria  robertsoni, 
th re e  E im eria  sem isculp ta , tw o E im eria  europaea  oocysts an d  one E im eria  
hungarica  oocyst w ere p resen t.

T h e  liver lesions of h are  No. 2 c a n n o t be regarded  as specific , be ing  ob­
v io u sly  u n re la ted  to  coccidiosis a n d  n o t  responsible for th e  le th a l d isease. 
T h e y  seem  to  have arisen  from  an  u n k n o w n  cause, p ro b ab ly  v a sc u la r  o b ­
li te ra tio n .

D iscussion

A lthough  E im eria  leporis is a w ell-know n com m on p a ra s ite  o f th e  h a re , 
th e  p re se n t new d a ta  on oocyst m o rp h o lo g y , th e  descrip tion  o f endogenous 
s tag es  n o t  p rev iously  s tu d ied  and  th e  es tab lish m en t of th e  p re p a te n t  period  
a re  h o p ed  to  c o n tr ib u te  to  th e  b e t te r  know ledge of th e  species.

E im eria  leporis be ing  p re sen t in  m ore hares w ith o u t causing  an y  d a m ­
age, c an n o t be considered  to  be o b lig a to rily  pa thogen ic . U n d er c ircu m stan ces 
fav o u rin g  rep ea ted  re in fec tion , h o w ever, th e  coccidia m u ltip ly  in  th e  in te s tin e  
to  such  a degree th a t  th e ir  p resence  begins to  in te rfe re  w ith  th e  processes 
o f d igestion  and  ab so rp tio n . Such c ircu m stan ces arise above all in  c a p tiv ity  
(in  h a re  b reeds, d u rin g  tra n s p o r t ,  u n d e r  exp erim en ta l cond itio n s, etc.) an d  
a p a r t  from  th e  u n u su a l p o p u la tio n  d e n s ity  also th e  stress  im posed  upon 
th e  an im als by  th e  a rtif ic ia l e n v iro n m e n t ten d s to  ag g rav a te  th e  clinical 
course  o f coccidiosis. R e la ted  p ra c tic a l observations have  been  su b s ta n tia te d  
b y  ev idence em erging from  e x p e rim e n ta l infections.

H ares acquire  on ly  a low -degree im m u n ity  to  E im eria  leporis-in fec tion . 
A lth o u g h  th e  coccidium  is very  w id esp read , young an d  old hares  alike can 
develop  a clinical E im eria  leporis-coccidiosis un d er given co n d itions an d  in  
in fec tio n  experim en ts m assive doses o f  oocysts proved  to  be le th a l even to  
th o se  hares w hich h a d  h ad  a s lig h t n a tu ra l  E im eria  leporis-coccidiosis an d  
th u s  h a d  n o t been  fu lly  suscep tib le .

N a tu ra l E im eria  leporis-coccidiosis, a lthough  usu a lly  m ild , is believed  
to  cause econom ically  im p o r ta n t losses am ong hares. T he in fec ted  an im als 
loose cond ition  an d  th u s  becom e m ore  susceptib le  to  o th e r  d iseases an d  fall 
an  easy  p rey  to  p re d a to ry  an im als.
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Sum m ary

S tud ies on carcases o f sp on taneously  died h a res (L ep u s europaeus)  su b m itte d  to  th e  
W ildlife Biology S ta tio n  a n d  on tw o exp erim en ta lly  in fec ted  young  hares show ed th a t  
m assive  or rep ea ted  in fec tio n  b y  E im eria  leporis m ay  o ften  cause a le th a l coccidiosis. On 
th e  basis o f these  s tud ies , E im eria  leporis oocysts were redesc rib ed , th e  endogenous s tag es 
were described  in  g rea t d e ta il and  th e  p re p a ten t period  w as e s tab lish ed  as 7 days. T he two 
young  h a res , w hich h a d  h a d  a sligh t E im eria  leporis-coccidiosis, developed  a le th a l disease 
on oral in fec tion  w ith  tw o m illion  sp o ru la ted  E im eria  leporis o o cy sts ; from  th is  th e  conclusion 
was d raw n  th a t  th e  im m u n e  response to  E im eria  leporis is v e ry  w eak. T he low im m uno- 
g en ic ity  o f th is  species m ay  acco u n t for its  very  freq u e n t occurrence  in hares.
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DUE TO ORAL ADMINISTRATION OF HEAT-LABILE 
ENTEROTOXIN OF E. COLI ENTEROPATHOGENIC

FOR SWINE

By

F .  K u t a s , F .  V e t é s i  and G .  S e m j é n
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In s t i tu te  (D irector: P ro f. D. D ek zsy ), H u n g a rian  A cadem y o f Sciences, B u d ap est

(R eceived N o v em b er 30, 1973)

The coliform  d iarrh o ea  o f n e o n a ta l pigs is sim ilar to  h u m an  ch o le ra  in  several re spec ts: 
1. in  b o th  diseases, G ram -n eg a tiv e  rods p ro life ra te  ab u n d an tly  in  th e  sm all in testine  w ith o u t 
in v ad in g  th e  tissues; 2. a m assive  f lu id  and e lec tro ly te  loss occurs th ro u g h  th e  m orphologically  
in ta c t  ep ith e liu m  in to  th e  in te s tin a l lu m en , re su lting  fa ta l  d e h y d ra tio n , hem odynam ic  dis­
o rders an d  d e a th ; 3. a com m on c h a rac te ris tic  o f b o th  e n te ro p a th o g en ic  E . coli and  V. cholerae 
is th e ir  ab ility  to  produce en te ro to x in (s); 4. th e  profuse d iarrh o ea  is a tt r ib u te d  to  these  en tero - 
to x in s . F u rth e rm o re , an  im m uno log ica l re la tio n sh ip  has been d e m o n s tra te d  betw een th e  ty p e  
2 e n te ro to x in  of V. cholerae a n d  th e  h ea t-lab ile  E . coli e n te ro to x in  (JLT) (G y les  and  B a rn u m , 
1969; Sm it h , 1972). T here  is also ev idence, t h a t  th e  pa th o g en esis  o f  th e  considerable f lu id  
secre tion  caused by  V. cholerae o r E . coli en te ro to x in s is e ssen tia lly  th e  sam e (Moon et al., 
1971). I t  follows from  th e  fo regoing th a t  th o se  m odels w hich h a d  been  developed for stu d y in g  
th e  d iarrhoea-p roducing  effec t o f V. cholerae an d  its  en te ro to x in , sh o u ld  be reliable m eth o d s 
fo r th e  in v estig a tio n  of th e  fa c to rs  invo lved  in  th e  p a th o m ech an ism  o f coliform  d iarrhoea  too. 
H ow ever, th e  ra b b it  ileal loop m odel used  fo r th e  s tu d y  of e x p e rim e n ta l cholera (D e  an d  
Ch a t t e r je e , 1953) has p ro v e d  to  be an u n sa tis fac to ry  te s t  fo r d em o n s tra tin g  th e  en te ro - 
p a th o g en ic ity  o f E. coli s tra in s  o f porcine orig ine (Sm ith  and  H a l l s , 1967; G it t e r , 1967). 
A t th e  sam e tim e, its  response  to  d iffe ren t, p a r ticu la r ly  hea t-lab ile  e n te ro to x in s  iso lated  from  
these  stra in s , has been fa ir ly  c o n sis ten t (Moon  et al., 1970; Sm it h  a n d  Gy l e s , 1970; Moon  
et al., 1971; Moon and  W h ip p , 1971; La r iv iè r e  et al., 1972).

Since th e  descrip tion  of D u tta  and  H a bbu  (1955), b a b y  ra b b its  hav e  been ex tensively  
u sed  as a to o l of ex p e rim e n ta l cholera. On th e  o th er h a n d , i t  w as o n ly  Sm ith  (1972) who 
d e m o n s tra ted  th a t  th e  o ral exposure  to  LT o f E . coli to  w hich E n t  p lasm id  was tran sfe rred  
fro m  an en te ro p ath o g en ic  po rc in e  E . coli s tra in , caused d iarrh o ea  in  10-day-old rab b its .

On th e  basis o f th e se  find ings, ex p erim en ts  w ere c a rr ie d  o u t in  o rd er 
to  prove th a t  E . coli e n te ro to x in  e lic ited  a profuse d ia rrh o e a  in  b ab y  ra b b its  
resem bling  to  th a t  o f suck lin g  p ig le ts. The LT  w as g iven  to  an im als, since 
th is  ty p e  o f to x in  p ro v o k ed  reg u la rly  flu id  accu m u la tio n  in  liga ted  segm ents 
o f  rab b its . Several physio log ica l p a ra m e te rs  were reco rd ed  th u s  to  exam ine 
w h e th e r changes in  b a b y  ra b b its  a f te r  th e  oral a d m in is tra tio n  o f en te ro to x in  
a re  o f  s im ila r value to  th o se  observed  earlie r in  pigs w ith  coliform  d ia rrh o ea  
( K u t a s  an d  S z a b ó , 1971).

T he f in a l aim  o f th e  p re se n t s tu d y  was to  develop  a m e th o d  by  w hich 
th e  card in a l m an ife s ta tio n  o f E . coli d ia rrhoea  could  be p roduced  read ily
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in  in ta c t  lab o ra to ry  an im a l. I t  w as hoped  th a t  th e  in fo rm a tio n  ob ta in ed  on 
th is  experim en ta l m odel w ould  be v a lu ab le  as a step  to w a rd  th e  u n d e rs tan d in g  
o f  th e  pa thophysio logy  o f  coliform  d ia rrh o ea .

M ateria ls and  M ethods

E xperim en ta l anim als

A to ta l of 62 N ew  Z ea lan d  w h ite  ra b b its  derived  fro m  15 litte rs  w ere 
u sed . The anim als o f b o th  sexes w ere 8 to  12 days old an d  w eighed ab o u t 
110 to  260 g a t tim e  o f e x p e rim en t. T he h e a lth y  sucking ra b b its  w ere sep ara ted  
fro m  th e ir m others a n d  s ta rv e d  for 6 to  8 hours before th e  s ta r t  o f ex p erim en t.

Stra ins o f  E . coli and preparation  o f  whole-cell lysates

F or p rep arin g  w hole-cell ly sa tes  (W CL), tw o h em o ly tic  E . coli s tra in s  
w ere  used. One o f th e m , a ty p ic a l en te ro p a th o g en ic  s tra in , w as k in d ly  su b ­
m it te d  by  D r. H . W . S m i t h * w ith  th e  in fo rm atio n  th a t  N o. P99 had  been 
c lassified  serologically  as 0141  : K 8 5 ab ,K 8 8 ab . The o th e r  s tra in  (SP70) 
iso la te d  from  sw ine w ith  edem a disease, belonged to  th e  O K  group 0141 : 
K 8 5 ab . This s tra in  d id  n o t cause flu id  accu m u la tio n  in  th e  lig a ted  in tes tin e  
o f  swine. W hole-cell ly sa te s  w ere p rep a red  b y  th e  m o d ifica tio n  of th e  m ethod  
o f  G y l e s  and B a r n u m  (1969) as described  earlier ( P e s t i  an d  S e m j é n , 1973). 
T h e  whole-cell ly sa te s  p re p a re d  from  en te ro p a th o g en ic  an d  n o n -en te ro to x ic  
s t r a in s  are re fe rred  su b se q u e n tly  to  as hea t-lab ile  e n te ro to x in  (LT) an d  
c o n tro l p rep a ra tio n , re sp ec tiv e ly .

A d m in is tra tio n  o f  xvhole-cell lysates to in fa n t rabbits

Two groups, e x p e rim e n ta l and  con tro l, were fo rm ed . T he ra b b its  in  
ex p erim en ta l g roup  w ere  tre a te d  w ith  LT , those in  co n tro l g roup  w ith  con tro l 
p re p a ra tio n . The v o lu m e  o f w hole-cell ly sa tes  used  in  b o th  ex p erim en ta l an d  
c o n tro l rab b its  w as 5 m l, ex cep t fo r th e  case o f an im als h e a v ie r  th a n  220 g 
w h en  7 ml wras g iven . T h e  p re p a ra tio n s  w ere ad m in is te red  p er os in to  th e  s to m ­
ac h  using a p o ly e th y le n e  c a th e te r  f i t te d  to  a h y p o d erm ic  needle  and  10-ml 
sy ringe . A d m in is tra tio n  of p re p a ra tio n s  occupied 1— 2 m in ., a f te r  w hich 
th e  rab b its  w ere k e p t  in  se p a ra te  cages w ith o u t th e ir  m o th e r. A d eq u a te  
a m b ie n t te m p e ra tu re  w as m a in ta in e d  w ith  th e  aid of a h e a t lam p . The ra b b its  
w h ich  had no t d ied  w ere  sacrificed  a fte r  10 to  18 hr.

* A.R.C. P o u ltry  R esearch  C entre , H u n tin g d o n , G reat B rita in
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Collection o f  sam ples

B lood sam ples fo r d e te rm in a tio n  o f s ta n d a rd  b ica rb o n a te , glucose an d  
h e m a to c rit w ere ta k e n  from  th e  ju g u la r  vein . A fter th is , th e  ra b b its  w ere 
sacrificed  b y  severance o f th e  ca ro tid  a r te ry . The heparin ized  b lood  sam ples 
co llected  in  th is  w ay  w ere cen trifu g ed  an d  th e  p lasm a w as used  for d e te r ­
m in a tio n  o f  u rea , p la sm a  p ro te in  an d  osm ola lity .

T he u rin e  sam ple n ecessary  fo r th e  d e te rm in a tio n  o f p H  w as o b ta in ed  
im m ed ia te ly  a fte r  e x te rm in a tio n  from  th e  b lad d er. A t th e  sam e tim e , sam ples 
o f 1 to  2 m l of large in te s tin a l c o n ten ts  w ere ta k e n  an aero b ica lly  from  th e  
ex p e rim en ta l an im als an d  th e  p H , s ta n d a rd  b ica rb o n a te  an d  o sm ola lity  w ere 
d e te rm in ed . T he a m o u n t o f in te s tin a l flu id  found  in  th e  la rg e  in te s tin e  of 
con tro l an im als  was in su ffic ien t for an a ly sis . In  o th e r cases, th e  g u t w as used  
for d e te rm in a tio n  of to ta l  “ in te s tin a l f lu id ” . A fte r hav ing  m easu red  th e  w eigh t 
o f th e  w hole in te s tin a l t r a c t ,  i t  w as s lit u p  lo n g itu d in a lly , d ried  w ith  f ilte r  
p ap e r an d  w eighed aga in . T he a m o u n t o f in te s tin a l flu id  w as ca lcu la ted  as 
difference o f  th e  tw o w eigh ts.

A n a ly tica l methods

T he m a jo r ity  o f th e  a n a ly tic a l m e th o d s  used  for d e te rm in a tio n  of b lood  
c o n s titu e n ts  have  been described  elsew here ( K u t a s  and  S z a b ó , 1971). B lood 
sugar w as d e te rm in ed  b y  th e  o -to lu id in e  m eth o d  (B iochcm ica T est C om bi­
n a tio n , B oehringer M annheim  G M B H ). T he osm ola lity  of p lasm a an d  in te s tin a l 
flu id  w as e s tim a ted  b y  freezing p o in t depression  w ith  a K n a u e r  O sm om eter 
(G erm any). T he p H  o f in te s tin a l flu id  an d  u rine  was m easu red  in  d u p lica te  
a t  38 °C w ith  a cap illa ry  electrode (E  5021a, R ad io m ete r, D en m ark ). T h e  
s ta n d a rd  b ic a rb o n a te  o f in te s tin a l f lu id  w as m easured  b y  th e  eq u ilib ra tio n  
m ethod  o f A s t r u p  et al. (1960). A t  th e  ca lcu la tio n  th e  m odified  nom ogram  
o f S i g g a a r d  A n d e r s e n  w as used  ( K i e n l e , 1969).

Bacteriological methods

A t p o st-m o rtem  ex am in a tio n  specim ens w ere ta k e n  a sep tica lly  from  
th e  d iffe ren t segm ents o f  in te s tin e  a n d  cu ltu red  on b lood  ag ar p la te s  for 
acc id en ta l co n tam in a tio n  w ith  hem o ly tic  E . coli s tra in s.

Sta tistics

T he s ta tis t ic a l  sign ificance o f d ifference betw een m ean  values was ca l­
cu la ted  b y  S tu d e n t’s t te s t .
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R esu lts

Clinical signs and sym ptom s

The resu lts  sh o w n  in Table I in d ic a te  th a t  32 o f th e  41 ra b b its  g iven LT 
developed  p ro fuse  d ia rrh o ea . T hree  an im als show ed m ild  d ia rrh o ea  an d  6 
ra b b its  failed to  d ev e lo p e  d iarrhoea  b u t  5 o f these  ex h ib ited  flu id  accu m u la tio n  
a t  au topsy . O ne a n im a l showed n e ith e r  d ia rrh o ea  n o r flu id  accu m u la tio n . 
I t  is in te restin g  to  re c o rd  th a t  d ia rrh o ea  a lread y  b egan  in  some ex p erim en ta l 
an im als  3 1/2— 4 h r . a f te r  a d m in is tra tio n  o f e n te ro to x in .

The ra b b its  t h a t  developed severe shock w ere u n ab le  to  m ove. T h e ir 
sk in  becam e cool a n d  cyano tic . Loss o f tissu e  tu rg o r  an d  e lastic ity  was also 
observed . D ia rrh o ea  w as con tinuous u n til  th e  m o rib u n d  s ta te . D ea th  occurred  
as early  as 10 h r . o r as la te  as 20 h r . a f te r  a d m in is tra tio n  of LT. Ten ra b b its  
d ied  and  4 w ere sacrificed  in  m o rib u n d  cond ition .

Table I

R esp o n se  of ra b b its  to  o ra l ad m in is tra tio n  o f E . coli en te ro to x in  lis ted  on th e  basis o f clinical
and  p o st-m o rtem  signs

N u m b e r  of  r a b b i t s

Group
Challenged

Diarrhoea Fluid accumulation n intestine

Severe Mild No Severe Mild No

E x p erim en tal (LT) 41 32 3 6 35 5 l

C ontrol 21 — — 21 — 21

O ther d ia rrh o e ic  ra b b its  d id  n o t develope shock du ring  th e  tim e  o f 
o bserva tion  an d  show ed  only m ild clin ical sym p to m s o f d eh y d ra tio n . T w en ty - 
seven  anim als w ere e x te rm in a te d  in  re la tiv e ly  fa ir cond itio n  9 to  18 h r . a f te r  
ad m in is tra tio n  o f e n te ro to x in .

The con tro l ra b b its  sacrificed 8 to  24 h r. a f te r  t re a tm e n t did n o t develop 
a n y  d iarrhoeal sy m p to m s.

Post-mortem fin d in g s

At a u to p sy , w h en  th e  abdom en  o f ra b b its  given LT was opened, th e  
d is ten d ed  large in te s t in e  appeared  p ro m in e n tly  (F ig. 1). T he stom ach  w as also 
m ark ed ly  d ila te d  a n d  filled w ith  co ag u la ted  m ilk  an d  occasionally  som e 
excess m ucus. T h e  s to m ach  wall show ed congestion : th e  d ila ta tio n  of g a s tro ­
epiplo ic blood vesse ls could be observed . A fte r th e  e x te rm in a tio n  of a ffec ted  
an im als, no or o n ly  sligh t p e ris ta ltic  w aves w ere n o ticed  along th e  w alls 
o f  th e  gut. T he sm all and  large in te s tin e , w ith  th e  excep tion  of du o d en u m , 
w as d istended  a n d  co n ta in ed  a large a m o u n t of w a te ry  or m u c inous-w atery , 
som etim es s lig h tly  red d ish  flu id . T he cecum , colon and  m esocolon of th e  d iar-
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Fig. 1. T he g a s tro in te s tin a l t r a c t  of 11-day-old, in fan t ra b b it  14 h r. a f te r  th e  ad m in istra tio n
of 5 m l LT p re p ara tio n

rhoeic ra b b its  w ere ch a rac te rized  w ith  m ild  h y p e rem ia  an d  subm ucosal 
edem a. In  the  re la tiv e ly  m ild  cases, th e  excessive a m o u n t of liqu id  in th e  colon 
and  rec tu m  co n ta in ed  also p reform ed feces. M acroscopic hem orrhage  or n e ­
crosis could no t be o b se rv ed  in the  stom ach  and  in te s tin e . T he u r in a ry  b lad d er 
was e m p ty  or c o n ta in e d  only a sm all am o u n t of u rin e .

A t necropsy o f  co n tro l ra b b its  no p a th o lo g ica l fin d in g s w ere observed. 
B acterio log ical e x a m in a tio n  of th e  in te s tin e  revealed  th a t  none of th e  experi­
m en ta l and  con tro l r a b b i ts  were co n tam in a ted  w ith  h em o ly tic  E . coli s tra in s .

Table II

D ata  re la tin g  to  loss of body w a ter following LT ad m in istra tio n

Param eter
Experim ental (LT) Control

n Mean 1 S. E. n Mean S. E.

Gain ( - f )  or loss ( —) 
of body  w eight

g 41 — 11.51 ± 0 .9 7 20 ± 1 .2 5 ± 0 .7 9

p e r  cent* 41 - 6 .7 0 ± 0 .5 7 20 ± 0 .8 6 ± 0 .4 4

A m ount o f in testinal 
co n ten t

g 20 8.09 ± 0 .5 1 10 1.08 ± 0 . 2 1

p e r  cent* 20 5.25 ± 0 .4 6 10 0.80 ± 0 .1 4

* E xpressed  in  p e r  c e n t  o f body w eight a t  beginning of ex p erim en t
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Tissues fo r h is to p a th o lo g ic  a n d  h istochem ical e x a m in a tio n  w ere also 
ta k e n . The resu lts  o f these  in v e s tig a tio n s  will he p u b lish ed  in  a follow ing 
p a p e r .

Laboratory ana lysis  o f  body f lu id s

Water balance. T he  resu lts  in  T ab le  I I  show  th a t  an  av erag e  loss of 
6.70 per cen t o f th e  bo d y  w eig h t w as observed in  th e  ex p e rim en ta l group. 
S ince acu te  losses o f  w eigh t re f le c t changes in  a m o u n t o f to ta l  b o d y  w a te r, 
a s ign ifican t d e h y d ra tio n  in  th e  ex p erim en ta l ra b b its  can  be estab lished . 
In  ad d itio n , th e  accu m u la ted  f lu id  found  in  th e  in te s tin a l t r a c t  o f affected  
an im als also rep re sen ts  a loss o f th e  b o d y  w ater. C onsequen tly , th e  am o u n t 
o f  in te s tin a l flu id , 5.25 p er cen t o f b o d y  w eight can  be ad d ed  to  th e  d a ta  of 
w eig h t loss. T h is m eans th a t  a lto g e th e r  ab o u t 12 p e r cen t o f b o d y  w eight 
can  he considered  as w a te r d e fic it w h ich  rep resen ts a v e ry  severe form  of 
w a te r  depletion .

As show n in  T ab le  I I I  th e  la b o ra to ry  d a ta  c learly  su p p o rt th e  clinical 
fin d in g  of d eh y d ra tio n . S ign ifican t increases of h e m a to c rit and  p lasm a p ro te in  
values in d ica ted  h em o co n cen tra tio n  due  to  th e  d im in u tio n  o f p la sm a  volum e. 
In  order to  d e te rm in e  th e  ty p e  o f d e h y d ra tio n , th e  o sm o la lity  of p lasm a  was 
also m easured. No sig n ifican t d ifferences were observed  be tw een  th e  o sm o la l­
i ty  values in  th e  p lasm a  o f e x p e rim e n ta l an d  con tro l an im als : 294.86 — and  
297.75 mOsm/1, resp ec tiv e ly . T h is re fers to  th e  loss o f sa lt an d  w a te r  in  iso tonic  
ra tio , co n sequen tly  th e  o sm ola lity  in  p lasm a rem ains u n ch an g ed , in  sp ite  
o f  th e  red u c tio n  o f th e  e x tra c e llu la r  w a te r  (iso tonic d e h y d ra tio n ).

The in te s tin a l co n ten ts  o f th e  affected  ra b b its  w ere n ea r-iso to n ic  w ith  
b lood  p lasm a. T he ra tio  of osm ola lityp iasma to  o sm ola lity jntest;nai fluid was 
fo u n d  to  be 1.13.

The increase o f p lasm a u re a  observed  in  e x p e rim e n ta l ra b b its  is also 
ch a rac te ris tic  o f th e  adv an ced  fo rm  of d eh y d ra tio n .

Table III

Constituent

H em atocrit, %

T o ta l protein, g/100 m l p lasm a 

U rea, mg/100 m l p lasm a

S tan d ard  b ica rb o n ate , m Eq/1 
p lasm a

O sm olality, mOsm/1 p lasm a 

Glucose, mg/100 m l blood

B lood analysis

Experim ental (LT) Control

n Mean S. E. n Mean S. E.

27 58.85 ± 2 .1 0 17 42.35 ± i . i 6

15 7.51 ± 0 .4 3 13 5.19 ±0.31

15 113.27 ± 2 1 .52 13 48.62 ± 5 .7 3

28 15.98 ± 1 .4 0 17 23.85 ± 0 .4 1

7 294.86 ± 4 .7 5 8 297.75 ± 7 .6 2

16 149.44 ±12 .81 11 135.27 ± 9 .2 0
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Acid-base balance. As show n in  T ab le  I I I ,  a fte r a d m in is tra tio n  of LT 
a sig n ifican t fall of s ta n d a rd  b ic a rb o n a te  was observed in  th e  b lood  o f ra b b its . 
I t  shou ld  be n o ted  th a t  a t  te rm in a l s ta te  v e ry  low values w ere fo u n d : in  all 
4 ra b b its  e x te rm in a te d  in  m o rib u n d  cond ition  th e  s ta n d a rd  b ica rb o n a te  
v a lu es  w ere less th a n  10 mEq/1. T he m etab o lic  acidosis can  be ex p la in ed  w ith  
th e  in te s tin a l loss o f b ica rb o n a te . T ab le  IV  shows th a t  th e  av e rag e  b ic a rb o n a te  
co n c e n tra tio n  of in te s tin a l flu id  (35.26 mEq/1) was m ore th a n  tw ice as h igh 
as th a t  of p lasm a (15.98 mEq/1).

Table IV

A nalysis o f large  in te stin a l contents

Constituent
Experim ental (LT)

n Mean S. E.

pH 18 7.19 +  0.01

S tan d ard  b icarbonate , mEq/1 31 35.26 +  2.10

O sm olality, mOsm/1 9 259.22 ±  6.82

In  sp ite  of th e  fac t th a t  th e  in te s tin a l co n ten t of th e  e n te ro to x in - tre a te d  
ra b b its  w as rich  in  b ica rb o n a te , its  m ean  p H  w as found re la tiv e ly  low , only  
7.19. T h is can be exp la ined  w ith  th e  h igh  carbon  dioxide ten s io n  p re se n t in  
th e  in te s tin a l flu id . P co2 values w ere found  betw een 66 an d  136 m m H g in 
16 o f th e  to ta l  20 sam ples collected . In  4 ra b b its  th e  in te s tin a l ca rb o n  dioxide 
te n s io n  was h igher th a n  150 m m H g.

T he values o f u rine  p H  w ere o f th e  sim ilar m ag n itu d e  in  b o th  groups. 
C o n tro l: p H  6.6 ^  0-21 (n =  19), ex p e rim en ta l: 6.5 ^  0.37 (n =  7).

S ta tis tic a l analysis o f th e  d a ta  are  p resen ted  in  T ab le  V.

Table V

S ta tistica l analysis o f th e  m ean values

D eterm ination
Direction of change 

in the mean

P  (less th a n  the  
value shown) 

E xperim ental vs. 
Control

B ody weight Decrease 0.001
In tes tin a l w ater Increase 0.001
H em atocrit Increase 0.001
T o ta l p ro tein , plasm a Increase 0.001
U rea, plasm a Increase 0.02

S tan d ard  b icarbonate , p lasm a Decrease 0.001
O sm olality , p lasm a Slight decrease NS*
Glucose, blood Slight increase NS

* NS, no t significant
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D iscussion

In  accordance  w ith  th e  find ings o f  S mith  (1972), ou r experim en ts on 
in fa n t rab b its  c lea rly  p ro v ed  th a t  th e se  an im als are  h ig h ly  susceptib le  ag a in st 
L T  e labo ra ted  b y  E . coli. I t  has been  d e m o n s tra te d  th a t  w hen LT of en tero - 
p a th o g en ic  E . coli s tra in s  o f porcine orig in  com es in to  d irec t co n tac t w ith  
in te s tin a l m ucosa, th e re  follows a hy p ersec re tio n  o f in te s tin a l flu id . F lu id  
accu m u la tio n , d ia rrh o e a  develops an d  in severe case th e  an im al dies. In  
c o n tra s t, a fte r th e  a d m in is tra tio n  o f W C L o f non -en te ro to x ig en ic  E . coli 
s tra in s  no p a th o lo g ica l signs w ere observed . O n th e  basis of these  re su lts  i t  
m ay  be concluded t h a t  en te ro to x in  is responsib le  for d iarrhoea  observed  in  
ou r exp erim en ta l r a b b its .

The to x in  p ro d u ces changes in  ion f lu x  across th e  ep ithelium  of th e  
in te s tin e . E n te ro to x in s  e lab o ra ted  b y  b o th  V. cholerae and  E . coli s tim u la te  
in te s tin a l adeny l cyclase  and  th e  re su ltin g  increase in  ce llu lar adenosine-3’:5’- 
m o n o p h o sp h a te  (cA M P) is a signal th a t  p roduces changes in ion tra n s p o r t  
(A l -A w qati et a l., 1972). In  our ex p erim en ts  an  en te ro to x in -in d u ced  copious 
secre tion  of sa lt an d  w a te r  in to  th e  in fa n t ra b b i ts ’ in te s tin a l lum en could be 
observed . I t  has b een  d em o n stra ted  th a t  severe d ia rrh o ea  developed w ith in  
3 to  4 hr. follow ing o ro g astric  a d m in is tra tio n  of E . coli en te ro to x in . A near- 
iso ton ic , b ic a rb o n a t-r ich  flu id  was accu m u la ted  m ain ly  in  the  large in tes tin e .

The loss o f iso to n ic  in te s tin a l flu id  took  p lace v e ry  quickly  and  caused 
iso ton ic  d eh y d ra tio n . T he average w a te r  d efic it o f a b o u t 12 ml per 100 g body  
w eigh t observed in  o u r ex p erim en t in d ica ted  v e ry  severe form  of d eh y d ra tio n , 
since th e  n o rm a l p la sm a  volum e fo r 11-day-old  ra b b its  has been e s tim a ted  
a t  5.17m l per 100 g o f  b o d y  w eigh t (L it t l e , 1970). T h e  ra p id  fall of th e  vo lum e 
o f ex trace llu la r w a te r  led  to  c ircu la to ry  in su ffic iency  w hich  becam e th e  p ro m ­
in e n t fea tu re  o f th e  clin ical p ic tu re . C ircu la to ry  collapse developed in  a few 
hou rs  a fte r th e  f i r s t  sy m p to m s of d ia rrh o ea . In  th is  shock phase u rem ia also 
developed , as th e  g lo m eru la r f iltra tio n  ra te  d ecreased . D iarrhoeal loss of 
a lkaline  fluid d e p le te d  th e  b ica rb o n a te  pool of ex tra c e llu la r  fluid and  caused 
m etabo lic  acidosis. I t  is in te res tin g  to  com pare th e  b ica rb o n a te  level of in ­
te s tin a l fluid to  th a t  o f  host p lasm a. As seen p rev io u sly , in th e  shock phase 
th e re  was over tw o  tim es  th e  co n cen tra tio n  of b ica rb o n a te  in th e  in te s tin a l 
flu id  as th ere  w as in  th e  p lasm a. I f  its  a b so rp tio n  to o k  place, the  b ica rb o n a te  
pool p resen t in  th e  in te s tin a l co n te n t could a t le a s t p a rtia lly  com pensate  
th e  severe form  o f acidosis in  th e  ex tra c e llu la r  flu id .

I t  should be  p o in te d  ou t th a t  th e  effectiveness o f renal reg u la tion  is 
lim ited  against th e  d is tu rb an ces  of th e  w a te r  an d  ac id -base  balance. The n eo ­
n a ta l  ra b b it, like th e  h u m a n  b ab y , p ig le t, p u p p y  e tc . has a poorly  developed 
re n a l function  co m p ared  w ith  th e  a d u lt. Such “ ren a l im m a tu r ity ” is ev id en t 
in th e  n eo n a te ’s in a b ili ty  to  p roduce v e ry  co n c e n tra ted  u rine  w hen d eh y d ra ted
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(D a l t o n , 1968). The resu lts  of ou r ex p erim en ts  in d ica te  an  in ad eq u a te  re n a l  
co m p en sa tio n , since no s ign ifican t d ifference was observed  betw een th e  u rin e  
pH  v alues in  ac ido tic  and  no rm al an im als .

T he changes seen a fte r th e  a d m in is tra tio n  of E . coli en te ro to x in  in  
in fa n t ra b b its  resem ble those found  b y  us in  n a tu ra lly  occurring  fo rm  o f  
m ucoid  e n te r itis  associated  w ith  E . coli in ra b b it  (Ve t é s i  and  K u t a s , 1973), 
as w ell as in  th a t  o f en te ric  colibacillosis in  p ig le t ( K u t a s  and  Sza b ó , 1971). 
H ow ever, th e re  w ere ce rta in  d ifferences in  th e  clin ica l and  p o s t-m o rte m  
p ic tu re . E xcessive  flu id  accum ula tion  an d  d istension  of large in te s tin e  w ere  
m ore c h a ra c te r is tic  of th e  disease observed  in  ra b b it. Such differences can  be  
exp la ined  w ith  th e  d iffe ren t an a to m ica l an d  physio logical fea tu res of d ig e s tiv e  
system  in  r a b b i t  an d  sw ine. One of th e se  is th a t ,  in  c o n tra s t w ith  th e  p ig , 
th e  ra b b it  v erm ifo rm  ap p en d ix  is a sec re to ry  o rgan . T he volum e o f f lu id  
p roduced  b y  th e  append iceal secre tion  o f a d u lt ra b b i t  has been e s tim a te d  
20— 80 m l p e r d ay  ( B l a c k w o o d  et al., 1973). A t an y  ra te , th e  in fo rm a tio n s  
o b ta in ed  b y  m eans of in fa n t ra b b it  m odel seem p e rtin e n t to  an u n d e rs ta n d in g  
of th e  m echan ism  of d ia rrh o ea  caused b y  E . coli and  m ay  help to  c larify  th e  
p a th o p h y sio lo g y  of disease.

The response  of lig a ted  in te s tin a l loops of pig je ju n u m  and ra b b it  ileu m  
have been  w idely  used for s tu d y  of E . coli en te ro to x in . In  our op in ion , th e  
in fan t r a b b it  m odel has several ad v a n ta g e s  w hen i t  is com pared to  th e se  
ex p e rim en ta l system s:

(1) B ecause o f th e  an tim icro b ia l ac tio n  of s tom ach  during  th e  suck lin g  
period , th e  sto m ach  and  sm all in te s tin e  o f b ab y  ra b b it  are p rac tica lly  s te rile  
(S m i t h , 1965; S m i t h , 1966). T hus, th e  response follow ing ad m in is tra tio n  o f  
e n te ro to x in  is n o t d is tu rb e d  by  th e  in te ra c tio n  of in te s tin a l m icroflora an d  
th e  d iffe ren t im m unological b ack g ro u n d .

(2) No p re p a ra to ry  and  surg ical p re - tre a tm e n t is necessary.
(3) T he in te s tin a l t r a c t  rem ains u n o b s tru c te d .
(4) W hile  th e  lig a ted  in te s tin a l loop p re p a ra tio n  is essen tially  a s ta t ic  

system , th e  in fa n t ra b b it  m odel offers an  o p p o rtu n ity  to  s tu d y  th e  in ta c t  
an im al.

(5) B a b y  ra b b its  are  read ily  av a ilab le  and  less expensive th a n  e i th e r  
pigs or a d u lt  ra b b its .
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Summary

T he E . coli en te ro to x in -in d u ced  pa th o p h y sio lo g ica l changes were stud ied  in  in f a n t  
ra b b its  an d  com p ared  to  th e  response of co n tro l an im als tre a te d  w ith  whole-cell ly sa te  f ro m  
non-en te ro to x ig en ic  s tra in .
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I t  has been sh o w n  t h a t  heat-lab ile  e n te ro to x in  p roduced  fro m  e n te ro p a th o g en ic  E . 
coli s t ra in  of porcine o rig in  p roduces d iarrh o ea , c au sin g  a ch arac te ris tic  c lin ical response a n d  
p o s t-m o rte m  change, w h ile  th e  whole-cell ly sa te  fro m  non-en te ro to x ig en ic  E . coli s tra in  
fa ils  to  do so.

The changes a f te r  a d m in is tra tio n  of e n te ro to x in  w ere closely resem bling  those  obse rv ed  
in  th e  n a tu ra lly  occu rrin g  fo rm  of ra b b it  m uco id  e n te r it is  and coliform  d iarrh o ea  of p ig le ts: 
in creased  flu id  sec re tio n  in to  th e  in te s tin a l lu m e n , d ia rrh o ea , severe d e h y d ra tio n , m etab o lic  
acidosis and urem ia.

The volum e a n d  co m position  o f flu id  a cc u m u la te d  in  in testine  w as also s tud ied . W hen  
co m p ared  to  h o st p lasm a , th is  flu id  was h igh  in  b ica rb o n a te  and  n early  isoosm olar.

T he in fan t ra b b it  h a s  been suggested  as a  su itab le  experim en ta l m odel for th e  s tu d y  
o f  e ffe c t o f E . coli e n te ro to x in .
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(R eceived A pril 22, 1973)

R ecen t w orld -w ide  in te re s t in  m ycop lasm a resea rch  has resu lted  in  a 
m ark ed  increase  in  th e  n u m b er of know n species from  v arious hosts. A m ong 
th e  m any  new  species several patho log ica lly  im p o r ta n t  ones have  been d e tec ted  
( H a y f l i c k , 1969), w hich  differ from  th e  earlie r d escrip tions, b u t  th e ir  sy s te m ­
a tic  position  is s till unclear.

The m ain  p ro b lem  of m ycop lasm a research  is th a t  th e  te s t m a te ria ls  
u su a lly  co n ta in  m ore  th a n  one species of w hich  som e are  sap ro p h y tic . Species 
d iffe ren tia tio n  is ren d e red  d ifficu lt b y  th e  v a ria b le  n u tr i t io n a l req u irem en ts  
an d  g row th  a b ili ty  o f  th e  various s tra in s  as w ell as b y  th e  in a d eq u a te  k n o w l­
edge of th e  b io log ica l p roperties of ce rta in  species.

The c la rif ic a tio n  of th e  aetio logical role o f m ycop lasm as is p recond itioned  
b y  th e  id e n tif ic a tio n  an d  close s tu d y  o f th e  v a rio u s  species involved  in  th e  
path o lo g ica l p rocesses. D eta iled  in v es tig a tio n  an d  com parison  of th e  know n  
species an d  th e  e lab o ra tio n  of s ta n d a rd  p rocedures, especially  of sim ple 
b iochem ical te s ts , fo r species id en tifica tio n , a re  th e re fo re  im p era tiv e . R e la ted  
s tud ies have b een  su p p o rted  b y  th e  co m p e ten t te am s o f th e  W orld  H e a lth  
O rg an iza tio n  (W H O ).

This p a p e r  is a re p o rt o f co m p ara tiv e  s tu d ies  on th e  com m only occurring  
sw ine m y cop lasm a species Acholeplasm a granu larum  (Sw i t z e r , 1964), M yco­
p lasm a  hyorhinis  ( D i n t e r  et al., 1965), M . hyopneum oniae  (syn .: M . su ipneu-  
m oniae) (G o o d w i n  et al., 1965; M a r e  an d  S w i t z e r , 1965) M . hyosynoviae  
(R o ss  and  D u n c a n , 1970) and  A . la id law ii (S c h im m e l  and  P u s t o v a r , 1971).

Materials and Methods

S tra in s . T h e  follow ing reference s tra in s , supp lied  from  th e  FA O /W H O  
In te rn a tio n a l R eference  C entre for A nim al M ycoplasm as ( In s t i tu te  of M edical 
M icrobiology, U n iv e rs ity  of A arhus, A arhus, D en m ark ), w ere used:

A . g ranu larum  (F riend)
M . hyorh in is  P G  29
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M . suipneum oniae  “ J ” (ATCC 25934)
M . hyosynoviae  AMRC/C 104 
A . laidlaivii A P G  8 
A . laidlaivii B F —8

All stra in s w ere su b cu ltu red  th re e  tim es a fte r a p rev ious f i l t ra t io n  and  
th e  th i rd  su b cu ltu re  w as d is tr ib u te d  in  te s t  tu b es an d  s to red  a t  — 70 °C. In  
all ex p erim en ts , th e  th ird  su b cu ltu re  w as used as th e  in itia l m a te ria l.

M edia

B E  m edium  (one lo t)
H eart In fu s io n  B ro th  (D IF C O , USA),
according to  p ro d u cer’s p re sc rip tio n s 90 m l
In a c tiv a te d  horse serum 20 m l
Y east e x tra c t  (p repared  as described  by 

H a y f l i c k ) 10 m l
10%  th a lliu m  ace ta te  so lu tio n  
(F ischer S c ien tific  Co., USA ) 1 ml
1%  2,3,5 trip h en y l-te trazo liu m -ch lo rid e  

(M E R C K , G FR ) 1 ml
0.2%  deoxyribonucle ic  acid  
(from ca lf th y m u s , SIG M A , USA) 1.2 ml
200,000 IU /m l penicillin 0.25 m l

In  solid m ed ia , th e  h ea rt in fusion  h ro th  was rep laced  by  h e a r t infusion
ag a r.

A ll exam ined  s tra in s  excep t M . su ipneum oniae  w ere grow n in th e  BE 
m ed iu m . M . su ipneum oniae  was c u ltu re d  in th e  m edia proposed  b y  G o o d w i n  
a n d  P r y o r  (1970), F r i i s  (1971) an d  G o u r l a y  an d  L e a c h  (1970). T he sam e 
m ed ia  w ere used in  th e  b iochem ical a n d  resistance  te s ts , a f te r  a s ligh t m od ifi­
c a tio n  if  requ ired .

D eterm ination o f  the growth curves

T he s tra in s w ere grow n on s tre a k  p la tes  of B E ag ar for 3 — 4 d ay s , a f te r  
w h ich  ag ar b locks, each  bearing  a single colony, were excised and  tra n s fe rre d  
to  2 ml BE b ro th  or to  h ro th  c o n ta in in g  glucose or arg in ine , h u t  no t é t r a ­
zo lium  chloride (see below ). T he b locks w ere hom ogenized in  th e  b ro th  and  
germ  counts were d e te rm in ed  in te rm s  o f colony-form ing u n its  (C FU ). The 
b ro th  cu ltu res w ere th e n  in c u b a te d  fo r 10 days, d u ring  w hich C FU  w ere 
d e te rm in e d  daily . T he “ J ”  s tra in  o f M . suipneum oniae  was grow n on G oodw in’s 
a g a r  inocu la ted  w ith  0.2 ml of a 1 : 100 d ilu ted  b ro th  cu ltu re  and  0.5 X 0.5 cm
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b locks o f G oodw in’s ag ar w ere tra n s fe rre d  to  2 m l each of G oodw ins’s, F r iis ’s 
an d  G o u rlay — L each’s m edium  co n ta in in g  b ro th  for g ro w th  cu rve  d e te r ­
m in a tio n . T he la t te r  was in  th is  in s ta n c e  n o t  based  on C FU , b u t  on th e  d e te r ­
m in a tio n  o f  th e  h ighest cu ltu re  d ilu tio n  th a t  changed  th e  co lour of th e  b ro th  
c u ltu re  in  7 days w hen ad d ed  to  i t  in  0.1 m l a m o u n t (Figs 1, 2).

CFU ( log 10)

F ig . 1. T he g ro w th  curve o f sw ine M ycoplasm a  s p e c ie s .--------------M . hyorhinis  PG  29; — • —
M . hyosynoviae; — — — M . suipneum oniae

Fig. 2. T he g ro w th  curve o f sw ine Acholeplasm a  species. -------------  A . L a id la iv ii A  P G  8;
— • — ■ — A . laidlaw ii В PG  9; — — — A . granularum  (F rien d )

D eterm ination o f  the culturing conditions

T he b ro th  cu ltu res o f th e  s tra in s  w ere d ilu ted  a t  ten fo ld  steps up  to  10 “ e 
and  from  each  d ilu tion  0.01 m l w as in o cu la ted  on to  4 B E  p la te s , from  M . 
su ipneum oniae  to  4 F riis ’s agar p la te s . T he f irs t  series of ag ar p la te s  w ere 
in c u b a te d  u n d e r aerobic cond itions, th e  second in  an  a tm o sp h e ra  of 95 %  
n itro g en  -)- 5 %  carbon  dioxide, th e  th ird  in  n itro g en  a tm o sp h ere , for 10 days
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a t  37 °C. The fo u r th  series was in c u b a te d  w ith  a b u rn in g  candle  p laced  in th e  
in c u b a tin g  ja r .  G ro w th  resu lts  w ere read  ev e ry  o th e r  d ay  accord ing  to  th e  score 
ev a lu a tio n  sy stem  o f E r n 0 et al. (1967) in  w hich  th e  in d ex  ch a rac te riz in g  th e  
g ro w th  p ro p erties  o f  th e  s tra in  is ca lcu la ted  from  th e  scores in d ica tin g  colony 
o u tg ro w th  w ith  re g a rd  to  th e  degree of d ilu tio n  of th e  inocu lum  and  tim e  of 
in o cu la tio n .

E xa m in a tio n  o f  biochemical properties

D ecom position  o f ca rb o h y d ra tes  (glucose u n d e r aerobic and  an aero b ic  
co n d itions, m an n o se , sucrose, ga lac tose , m an n ito l, so rb ito l, xylose), a rg in ine  
a n d  u rea  was ex am in ed  in liqu id  B E  m ed ium  co n ta in in g  1 m l B acto  P P L O  
se ru m  frac tio n  (D IF C O ), 5 m l 10%  s u b s tra te  so lu tio n  an d  5 m l 60 m g/100 ml 
p h en o l red , b u t  n e ith e r  té trazo liu m  ch lo ride  n o r horse serum . T he h e a r t  
in fusion  b ro th  an d  y e a s t e x tra c t w ere t r e a te d  w ith  glucose ox idase, pero x id ase  
a n d  arg inase befo re  ad d ed  to  th e  m ed ium . T he ca rb o h y d ra te -co n ta in in g  m edia  
a n d  th e  basal B E  m ed iu m  (contro l) free from  su b s tra te  w ere a d ju s te d  to  p H  
7 .8 , th e  arg in ine- an d  u rea -co n ta in in g  m ed ia  an d  th e  co rrespond ing  b asa l 
(con tro l) B E  m ed iu m  to  p H  7.3. T he re a c tio n  w as read  on th e  basis o f co lour 
change , daily  fo r th e  f irs t  5 days an d  every  o th e r d ay  su b seq u en tly . T he 
re a c tio n  was re g a rd ed  as positive i f  th e  fa ll o r rise o f th e  p H  reached  a t  leas t 
0.5 u n it in com parison  to  th e  p H  of in o cu la ted  and  u n in o cu la ted  su b s tra te -  
free  contro l m ed ia .

The red u c in g  cap ac ity  of th e  s tra in s  w as te s te d  u n d e r aerobic  and  
an aero b ic  co n d itio n s in  B E  b ro th  c o n ta in in g  1 or 5 m l 1%  tr ip h e n y l- te tra -  
zo lium  chloride an d  1 %  B acto  P P L O  serum  frac tio n , in  b ro th  co n ta in in g  
r a b b i t  m ea t e x tr a c t  (A luotto  e t a l., 1970), an d  in B E  b ro th  co n ta in in g  5 ml 
1 %  p o tassium  te llu r ite  and  0.24 m l 0 .1 %  m e th y len e  b lue so lu tion . R ed u c tio n  
o f  th e  f irs t tw o  su b s tra te s  was in d ic a te d  b y  a red  colour change, th a t  o f th e  
th ird  su b s tra te  b y  d isco lo ration  of th e  cu ltu res .

Inoculation  technique

S u b s tra te -c o n ta in in g  and  su b s tra te -fre e  m edia  w ere in o cu la ted  each 
w ith  a single co lony  o b ta in ed  from  a 3— 4 d ay  agar cu ltu re  of th e  s tra in  
te s te d  and 0.1 m l from  each tu b e  c u ltu re  w as tran sfe rred  to  an id en tica l 
m ed ium  2—4 d ay s  la te r , depend ing  on th e  g row th  curve. In  th e  m ean tim e  
B E  s treak  p la te s  w ere p rep ared  to  check  m ycop lasm al grow th . T ube cu ltu re s  
to  be in cu b a ted  u n d e r  anaerobic  cond itions w ere in o cu la ted  w ith  m a te ria l 
from  cu ltu res grow n aerob ically  on m edium  co n ta in in g  th e  sam e su b s tra te . 
E a c h  ex am in a tio n  w as m ade in th re e  rep licas. To exclude b ac te ria l c o n ta m i­
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n a tio n , p ositive  reac tio n s w ere alw ays checked  b y  s treak in g  on b lo o d  ag ar 
p la te s .

T he hydro lysis  o f aesculin  was ex am in ed  by  th e  m ethod  of W i l l i a m s  and 
W i t t l e r  (1971), p h o sp h a tase  a c tiv ity  an d  serum  digestion  w ere te s te d  acco rd ­
ing to  A l u o t t o  et al. (1970), film  an d  sp o t fo rm atio n  and  cho lestero l re q u ire ­
m en t accord ing  to  E d w a r d  (1971, 1950). A rb u tin  decom position  w as ex am in ed  
on B E  ag a r, co n ta in in g  1.2 m l 10%  a rb u tin  (h y d ro q u in o n e-b e ta -D -g ly co p y - 
ranoside , SIGM A) an d  1.2 m l 5%  fe rric  c itra te , b u t  no tr ip h e n y l- te tra zo liu m - 
ch loride. T he re liab ility  of th e  te s ts  w as checked  b y  m eans of th e  te s t  s tra in s  
p roposed  b y  A l u o t t o  et al. (1970).

E xam in a tio n  o f sensitiv ity  to sodium  chloride, sodium  azide, m ethylene blue, 
Tween 80, sodium  taurocholate, p H  5.5 and p H  9.5

T hese te s ts  w ere carried  o u t on m odified  B E  m edia in w hich  tr ip h e n y l 
té tra z o liu m  chloride was rep laced  b y  3.6 g sodium  chloride, 6.0 m l 10%  
sodium  ta u ro c h o la te , 15 m l 1%  sod ium  azide, 2.5 m l 10%  Tw een 80 or 2.4 m l 
1%  m eth y len e  b lue  p er lo t. S e n s itiv ity  to  p H  w as exam ined  on th e  u su a l 
B E  ag ar p la te s  w ith  pH s a d ju s te d  to  5.5 an d  9.5, respective ly . T h e  fresh ly  
p rep a red  solid te s t  m edia an d  th e  B E  b asa l m edium  were in o cu la ted  w ith  
0.01 m l o f u n d ilu ted  and 1 0 _3-d ilu ted  b ro th  cu ltu re , respective ly . T he te s t  
p la te s  w ere in cu b a ted  for 14 d ay s , an d  if  g row th  was observed , th e  re ­
spec tive  ag ar block w as excised an d  tra n s fe rre d  to  an  id en tica l m ed iu m . I f  no 
g row th  occurred  in  10 days, an excised  ag a r b lock  w as tra n sfe rre d  to  B E  b ro th  
to  check th e  su rv iv a l of m ycop lasm as. T he te s t  w as rep ea ted  sev era l tim es.

E xam in a tio n  o f  sensitiv ity  to sodium  polyanethol sulphonate, d ig iton in  and
antibiotics

0.01 m l of cu ltu re  d ilu tions co n ta in in g  105 CFU w ere tra n s fe r re d  to  
solid B E  m edium  from  w hich th e  pen ic illin  com ponen t was o m itte d  if  a n t i ­
b io tic  se n s itiv ity  w as te s ted , an d  discs co n ta in in g  th e  te s t  su b stan ces  w ere 
p laced  on th e  surface of th e  m ed ium . T he discs w ere soaked w ith  0.02 m l 5%  
sodium  p o ly an e th o l su lphona te  (H o ffm an — L a R oche and  Co., S w itzerland ) 
( K u n z e , 1971) or 0.02 ml 0 .01%  D ig ito n in  (M erck, G FR ) dissolved in  e th an o l, 
an d  w ere dried  for 24 hours. A n tib io tic  sen s itiv ity  was te s te d  b y  m eans of 
read y -to -u se  discs (H U M A N , B u d ap est)  co n ta in in g  10 pg  e ry th ro m y c in , 30 pg  
k an am y c in  or 15 pg  po lym yxin  B. T he rad ii o f th e  in h ib itio n  zones w ere 
m easu red  a fte r  3—4 days; in  th e  case o f  M . suipneum oniae, th e  in cu b a tio n  
tim e  w as 10 days.
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E xam in a tio n  o f  M. su ipneum oniae

The b io ch em ica l and  resis tan ce  te s ts  w ere ca rried  ou t on cu ltu res  grow n 
in  th e  G o u rlay -L each  m edium . T he la c ta lb u m in  h y d ro ly sa te , H a r t le y ’s 
D igest B ro th  a n d  fo e ta l calf serum  c o n s titu e n ts  o f  th e  m edia used  fo r te s tin g  
c a rb o h y d ra te , a rg in in e  and  u rea  d ecom position , w ere p re tre a te d  w ith  glucose 
ox idase, pero x id ase  a n d  arg inase. T he q u a n ti ty  o f  su b s tra te s  was th e  sam e as 
in  th e  BE te s t  m ed ia . Glucose an d  phenol red  w ere om itted  from  those  m ed ia  
w h ich  were used  fo r te s tin g  th e  h y d ro lysis  o f aescu line and  a rb u tin , an d  th e  
serum  com ponen t w as in ac tiv a ted  fo r one h o u r. C u ltiva tion  of th e  s tra in s  
a n d  inocu la tion  o f  th e  te s t m edia  w ere p e rfo rm ed  as prev iously  described .

Results

All th e  s tra in s  excep t M . su ipneum oniae  grew  read ily  in  solid an d  liq u id  
B E  m edium , a n d  M. su ipneum oniae  grew  w ell in  solid or liqu id  G oodw in’s, 
F r iis ’s and G o u rlay -L each ’s m edia. T he g row th  ra te  of th e  s tra in s  can be seen 
in  Figs 1 and  2; th e  acho lep lasm as grew  as a ru le  fa s te r  th a n  th e  m ycop lasm as. 
In  cu ltu res o f th e  A . laidlaw ii A P G  8 and  A . la id law ii B F-8 s tra in s , th e  
n u m b e r of CFU w as h igh  u n til th e  7 th  d ay . In  A . granularum  (F riend) cu ltu res  
th e  CFU decreased  in  n u m b er from  th e  5 th  d ay  on. The counts of M . hyorhin is  
P G  29 were h igh  fo r fo u r days, w hereas th o se  o f  M . hyosynoviae AM RC/C104 
b eg an  to  decrease a b ru p tly  a fte r  reach in g  m ax im u m  CFU on th e  th ird  d ay . 
T he M . su ipneum oniae  “ J ”  s tra in  w as ch a rac te rized  b y  a slow grow th , reach in g  
m axim um  titre  on th e  7 th  day , b u t  th is  m ax im u m  was by  2 —3 lo g arith m ic  
u n its  lower co m p ared  to  th e  t i tre s  o f  o th e r  s tra in s . The t i t re  fell a b ru p tly  
a f te r  the  7 th  d ay . In  liqu id  m edia co n ta in in g  glucose or arg in ine, th e  g row th  
ra te  was the sam e as in  the  B E  m ed ium  d u rin g  th e  in itia l days of in cu b a tio n , 
b u t  la te r  the  re d u c tio n  in th e  C FU  value  w as m ore pronounced  th a n  in th e  
su b stra te -free  m ed ia .

C ultures o f th e  A . laidlaw ii A P G  8 an d  A . la id law ii B F-8 s tra in s  show ed 
th e  colour change in d ica tiv e  of glucose decom position  a lready  on th e  f irs t  
d a y  and  the  ach o lep lasm a  coun ts scarcely  changed  u n til th e  6 th  day . T he 
cu ltu re s  of th e  A . granu larum  (F riend ) s tra in  b eg an  to  tak e  on a yellow  colour 
a f te r  3 —4 days, a n d  th e  acho lep lasm a coun ts te n d e d  to  reduce from  th e  4 th  
d a y . W ith  M . hyorh in is  PG  29, th e  colour ch an g e  in d ica tin g  c a rb o h y d ra te  
decom position  re m a in e d  in d is tin c t th ro u g h o u t, w hereas w ith  M . hyosynoviae , 
sh if t o f the p H  to  th e  alkaline region owing to  arg in ine  decom position  began 
to  ap p ear on th e  th ird  and  on th e  v e ry  day  th e  m ycop lasm a counts began  to  
decrease.

Peak values o f  g ro w th  un d er d iffe ren t co n d itio n s of cu ltu rin g  are  su m m a ­
rized  in Table I. T h e  M . su ipneum oniae  s tra in  grew  exclusively  u n d er an aero b ic
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Table I

G row th  of various M ycoplasm a  and  Acheloplasm a  species under d ifferen t atm ospheric  co n d itions

Strain

Atmosphere

N.
95% N2 

+  5% CO* “ candle ja r” Air

M . granularum In d ex 5.0 5.2 5.0 5.2
(F riend) CFU 2 .0 x 1 0 s 8.0 X 10" 5.0 x lO 7 9.0 x lO 7

M . hyorhinis In d ex 4.0 4.2 5.0 4.4
PG 29 CFU 2.0 x lO 7 6.0 XlO7 7.8 x lO 7 6.0 X lO 7

M . hyosynoviae In d ex 4.0 4.2 4.8 4.0
AMRC/C 104 CFU 2.0 Х Ю 6 4.2Х Ю 6 4.9 X 106 2 .7 X 1 0 6

M . suipneum oniae In d ex 3.2 3.6 3.4 0.6
“ J ”  ATCC 25934 CFU 1 .0 x 1 0 s 4.0 x 1 0 s 3.6 x 1 0 s n .t.

A . laidlaivii A In d ex 6.8 6.0 7.4 6.6
PG 8 CFU 3.5 x l O 7 l.O x lO 7 1.0Х Ю 7 2.5 x lO 7

A . laidlaivii В In d ex 6.2 6.2 6.2 6.8
F - 8 CFU l.O x lO 7 2.0 XlO7 2.1 X lO 7 5.Ox 107

cond itio n s, w hereas th e  o th e r stra in s g rew  eq u a lly  well in  aerob ic  an d  an aero b ic  
cond itions.

A m ong th e  exam ined  stra ins M . hyosynoviae , M . hyorhin is  an d  M . 
su ipneum oniae  w ere found  to  require  ch o leste ro l. The A . la idlaivii A an d  В 
s tra in s  an d  A . granularum  grew re a d ly  also  in  cholesterolfree m edium . T he 
above th re e  m ycop lasm a stra ins w ere sen s itiv e  to  sodium  p o ly an e th o l sul- 
p h o n a te  an d  d ig iton in , w hereas the  re m a in in g  were n o t (T able II) .

Table II
C holesterol req u irem en t and  sodium  p o ly an e th o lsu lp h o n a t and d ig iton in  sensitiv ity  o f th e

exam ined s tra in s
Sensitivity  to

Strain
Cholesterol

req u irem en t sodium poly- 
anethol- 

sulphonate
digitonin

A . granularum  
(Friend)

— - -

M . hyorhinis 
PG 29

+ 8.0* 8.0

M . hyosynoviae
AMRC/C 104

+ 5.0 6.0

M . suipneum oniae “J ” 
(ATCC 25934)

+ 15.0 7.0

A . laidlaivii A  
PG 8

— — —

A . laidlaivii В  
F —8

— — —

* T he figures designate  th e  radius of th e  in h ib itio n  zone in m m
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T he fo llow ing s tra in s  d isp lay ed  a glucose-decom posing a c tiv ity : A .  
la id law ii A P G  8, A . la id law ii B F -8 , A .  granularum  (F rien d ), M . hyorh in is  
P G  29 and  M . su ipneum oniae  “ J ” . T he glucose decom posing a c tiv ity  o f  th e  
la t te r  tw o s tra in s  w as, how ever, less d is tin c t com pared  to  t h a t  o f th e  o thers a n d  
th e  fall o f th e  p H  scarcely  exceeded 0.5 u n it .  As to  th e  o th e r  ca rb o h y d ra tes , 
x y lose  and  g a lac to se  w ere w eak ly  decom posed  b y  M . suipneum oniae  a n d  
aescu lin  was decom posed  exclusively  b y  th e  A . laidlaw ii s tra in s , b u t m an n o se , 
m an n ito l, sucrose, so rb ito l, cellobiose a n d  a rb u tin  w ere n o t  b roken  dow n b y  
a n y  of th e  ex am in ed  s tra in s , n o r w as u rea .

A rginine w as decom posed b y  M . hyosynoviae. P h o sp h a ta se  a c tiv ity  w as 
p o sitiv e  w ith  M . hyorh in is , film  an d  sp o t fo rm ation  w ith  M . hyosynoviae. 
A ll exam ined  s tra in s  reduced  tr ip h en y l-te trazo liu m ch lo rid e  u n d er an ae ro b ic  
cond itions an d  M . suipneum oniae  red u ced  i t  also u n d e r aerobic  cond itions. 
T h e  la t te r  s tra in  w as th e  only one w hich  red u ced  p o tassium  te llu rite . M ethy lene  
b lu e  w as red u ced  b y  a ll s tra in s  ex cep t M . hyosynoviae  u n d e r  anaerobic c o n d i­
tio n s  (Table I I I ) ,  b u t  b y  none u n d e r ae ro b ic  conditions. Serum  digestion w as 
n o t  found w ith  a n y  s tra in .

Table I I I

Biochem ical properties o f  the examined strains

T e s t

St rains

A . gran . 
(Friend)

M . hyorh. 
P G  29

M . hyo­
synoviae

(AM RC/C
104)

M . su ip n .  
“ J ”  

(ATTC 
25934)

A . laidl. 
A

P G  8

A .  la id l. 
В

F -8

Glucose
aerobic + + + — + + +
anaerobic + + — — + + +

G alactose — — - + — —

X ylose - - - + - —
A esculin — - - X + +
A rginine - — + + — - —

T riph en y lte traso liu m  chloride
aerobic — — — + + +
anaerobic + + + + + +

Potassium  te llu rite
aerobic — — — + — —

anaerobic — — + + — —

M ethylene blue
aerobic — — — — — —

anaerobic +  + + ( + ) + +
P h osphatase  a c tiv ity — + — — ( + ) —
F ilm  and spot fo rm atio n -J_

Symbols used: ( + )  m ild reaction; -f- m oderate reaction; + +  strong reaction; — negative; 
X no growth
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A s to  th e  re sis tan ce  te s ts , M . su ipneum oniae  was found  to  be sen sitiv e  
to  all substances an d  an tib io tic s  te s te d . M . hyorhinis  b eh av ed  sim ilarly , b u t  
e ry th ro m y c in  in h ib ited  its  grow th to  a le sse r degree th a n  th a t  of M . su ip n e u ­
m oniae. M . hyosynoviae  w as re s is tan t to  sod ium  azide an d  e ry th ro m y c in , 
A . granularum  to  sodium  azide, p H  9.5 a n d  po ly m y x in  В and  th e  A . la id law ii 
A  and  В s tra in s  re s is ted  sodium  azide. T w een  80, sod ium  chloride, p o ly x in  
В an d  p H s 5.5 and  9.5. (Table IV)

Table IV

R esistance tests of th e  ex am ined  stra ins

I A . gran. 
(Friend)

M . hyorh.
P G  29

M . hyo­
synoviae  

(A M RC /C  
104)

M . su ip n .  
“ J ”  

(ATCC 
25934)

A . laidl. 
A

P G  8

A . la idl. 
В

F  —8

Sodium  chloride s s s s R R

M ethylene blue s s s s S S

Tw een 80 s s s s R R

Sodium  azide R s R s R R

p H  5.5 s s s s R R (i)
p H  9.5 R s s s R R

Sodium  tau rocho la te S s s s S S

E ry th ro m y cin 31 6.0 0 > 30 22.0 24.0

Polym yxin  В 0 >  25 >  25 >  30 0 0

K anam ycin 16 >  20 25 >  30 10.0 9.0

Sym bols used: S, sensitive; R , re sis tan t

D iscussion

M ost o f th e  sw ine m ycoplasm a (acho lep lasm a) s tra in s  te s ted  grew w ell 
in th e  B E  m edium , w hich  h ad  been show n ea rlie r to  su it th e  grow th re q u ire ­
m en ts of m ost bovine m ycop lasm a s tra in s  as well. M . suipneum oniae  grew  
in all special m edia  te s te d , b u t only u n d e r  anaerob ic  cond itions, w hereas 
m ost o th e r s tra in s  grew read ily  on b o th  ae ro b ic  «nd anaerob ic  cu ltu ring . T h e  
g row th  of th e  acho lep lasm a stra ins was fa s t ,  th a t  o f m ycoplasm as, especia l­
ly  o f M . su ipneum oniae, w as m uch slower.

^ h e  fin d in g  th a t  th e  m ycoplasm a (acho lep lasm a) coun ts of th e  cu ltu res  
a re  re la te d  w ith  th e  colour change caused  b y  decom position  of glucose o r 
arg in ine , seem s to  be o f im p o rtan ce . The in te n s i ty  of th e  yellow  d isco lo ra tion  
of g lucose-contain ing  b ro th  cu ltures of A . la id la w ii s tra in s  was d irec tly  re la te d  
w ith  th e  CFU  for 5— 6 d ay s; in  A . granu larum  cu ltu res , th e  sam e phenom enon  
la s ted  only 4 days. The coun ts of M . hyosynoviae  cu ltu res w ere already  fa ir ly
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low  w hen th e  co lou r change becam e a p p a re n t . Shift of th e  p H  b y  m ore th a n  
0.5 grade s tep  re su lte d  in a m ark ed  decrease  of th e  m ycop lasm a c o u n t o f 
M . su ipneum oniae  cu ltu res .

This co rre la tio n  should  be ta k e n  in to  considera tion  w hen firs t iso la tio n s , 
tra n s fe rs  or b io ch em ica l exam in a tio n s o f  m ycoplasm a (acholep lasm a) s tra in s  
a re  m ade.

T h e  m a in  d i f f e r e n t ia t in g  f e a t u r e  o f  m y c o p la s m a  a n d  a c h o le p la s m a  

s t r a in s  is  c h o le s t e r o l  r e q u ir e m e n t .  T h e  m e t h o d s  p r o p o s e d  fo r  i t s  e x a m i n a t io n  

( E d w a r d , 1971; R a z i n  a n d  T u l l y , 1970) c a n  b e  r e p la c e d  fo r  r o u t in e  p u r p o s e s  

b y  t h e  m u c h  s im p le r  t e s t s  o f  s e n s i t i v i t y  t o  s o d iu m  p o ly a n e t h o l  s u l p h o n a t e  

a n d  d ig i t o n in .

Im p o r ta n t  in fo rm a tio n  for species d iffe ren tia tio n  can be o b ta in ed  from  
biochem ical an d  res is tan ce  te s ts , e.g ., A . granularum  can  be d iffe re n tia te d  
from  A . la id law ii b y  lack  of aescu lin  h y d ro lysis  and  se n s itiv ity  to  so d ium  
chlo ride , T w een 80 a n d  p H  5.5. T he p re se n t find ings are in  good acco rd an ce  
w ith  T ul l y  an d  R a z in ’s (1968) o b se rv a tio n  th a t  A . la id law ii A and  R s tra in s  
can n o t be d if fe re n tia te d  from  one a n o th e r  on th e  basis of beh av io u r in  b io ch em i­
cal te s ts , a s lig h t d ifference being found  o n ly  in  sen s itiv ity  to  pH  5.5.

The d iffe re n tia tio n  of m ycop lasm a s tra in s  is also possible b y  b iochem ical 
te s ts . M . hyosynoviae  decom poses a rg in in e , b u t  does n o t b re a k  glucose, w h ereas  
M . hyorhinis  b eh av es  ju s t  opposite ly . As th e  sugar-decom posing  a c tiv ity  o f  th e  
l a t te r  s tra in  is o ften  v e ry  sligh t, co m p lem en ta ry  te s ts  for p h o sp h a tase  a c t iv i ty  
a n d  sen s itiv ity  to  sod ium  azide an d  e ry th ro m ic in  are genera lly  usefu l.

M . su ipneum oniae  behaves d iffe re n tly  from  b o th  a fo rem en tio n ed  species, 
especially  in  re sp e c t o f  grow th a b ility , n u tr itio n a l req u irem en ts , d is tin c tiv e  
e ry th ro m y c in  s e n s itiv ity , decom position  o f galactose an d  xylose and  re d u c tio n  
o f  tr ip h e n y l té tra z o liu m  chloride. As M . hyorhinis and  M . su ipneum on iae  
f req u en tly  occur in  one and th e  sam e h o s t an d  th e  fo rm er grows m ore re a d ily  in  
th e  special m ed ia  th a n  th e  la t te r ,  o n ly  an  ap p ro x im ate  in d e n tif ic a tio n  of 
a lre a d y  iso la ted  cu ltu re s  is possible b y  th e  m en tioned  te s ts . The d iffe re n tia tio n  
o f  th e  tw o species in  m ixed cu ltu res  is, how ever, im possib le, because  th e y  
beh av e  a lm o st id e n tic a lly  in th e  re s is tan ce  te s ts . The fastly  grow ing M . h yo rh i­
n is  is less sen s itiv e  to  e ry th ro m y c in  th a n  M . su ipneum oniae , w hence th e  
selection  of th e  la t te r  cannot be ca rried  o u t by suppression  of th e  fo rm e r’s 
g row th  w ith  th e  an tib io tic .

In  su m m a ry , i t  is advised  th a t  w ith  unknow n, new m ycop lasm a iso la tes  
ce rta in  b iochem ical an d  resistance te s ts  be  perform ed before th ey  are su b je c te d  
to  th e  e x tra o rd in a r ily  w ork-consum ing  serological ex am in a tio n s. On th e  basis  
o f the p rem ilin a ry  resu lts , te s tin g  w ith  few er ty p e  sera is su ffic ien t to  co n firm  
th e  p re lim in a ry  classifica tion  of th e  iso la te . The follow ing te s ts  are h e lp fu l in 
p re lim in ary  id e n tif ic a tio n : cholestero l req u irem en t, resistance  to  sod iu m  
p o ly an e th o l su lp h o n a te  and  d ig ito n in , decom position  of glucose, a rg in in e ,
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galac tose , xy lose an d  aesculin , film  an d  sp o t fo rm ation , p h o sp h a ta se  a c tiv ity  
an d  re s is tan ce  to  sodium  chloride, sod ium  azide , pH  5.5 an d  9.5, Tw een 80 an d  
e ry th ro m y c in .

S um m ary

The p ro p e rtie s  o f re p re sen ta tiv e  s tra in s  o f  v a rio u s  swine m ycop lasm a  an d  acholep lasm a 
species were com p ared  b y  s ta n d a rd  m ethods. T he fo llow ing biochem ical p ro p e rtie s  were fo u n d  
to serve as im p o r ta n t c rite ria  of species d iffe re n tia tio n : cholesterol re q u ire m e n t, se n sitiv ity  
to  sodium  p o ly an e th o l su lp h o n a te  and  d ig iton in , decom position  of glucose, arg in ine, aescu lin , 
galactose  a n d  xy lose , p h o sp h a tase  ac tiv ity , film  a n d  sp o t fo rm ation , a n d  resistance  to  sod ium  
ch loride, sod ium  azide, p H  5.5 and  9.5, T w een 80 a n d  e ry th ro m y cin .

A c o rre la tio n  w as d e m o n s tra ted  be tw een  ch an g es o f the  p H  of m ed ium  an d  th e  n u m b er 
of co lony-form ing  u n its  (C FU ) in  the  cu ltu res ; th is  corre lation  sh o u ld  be ta k e n  in to  con­
sid e ra tio n  a t  th e  p ro p a g a tio n  and  tran sfe r o f m y co p lasm a  (acholep lasm a) s tra in s .
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INTERFERON INDUCTION RY DIFFERENT 
STRAINS OF INFECTIOUS BRONCHITIS VIRUS

B y

B. L o m n ic z i
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(D irec tor: D . D e r z s y ) ,  B u d ap est

(R eceived D ecem b er 19, 1973)

In fec tious b ro n ch itis  v iru s (IB V ) belongs to  th e  Coronavirus group 
( E s t o l a , 1970) an d  is know n to  h a v e  severa l s tra in s  d iffering  in  an tigen ic  
com position  and  p a th o g en ic ity  to  ch ickens.

L ittle  is know n  a b o u t its  m u ltip lic a tio n  a n d  o th e r  biological p ro p e rtie s  such as in te r ­
fe ro n  (IF )  induction . In  o u r b e s t know ledge o n ly  one re p o rt h as b een  p u b lish ed  on th e  IF  
p ro d u c tio n  of an  IB V  s tra in  (Yurov, 1967).

The p resen t com m unication  dea ls  w ith  th e  IF -in d u c in g  a b ility  of various 
IB V  s tra in s  and  som e ch arac te ris tic s  o f  th e  I F  p ro d u c tio n  d u rin g  m u ltip lica tio n  
o f  IB V .

M ateria l a n d  M ethods

Viruses. S tra in s  B eau d e tte  222 (B222) and  M assach u se tts  41 (M41) of 
IB V  were k ind ly  p ro v id ed  b y  V. v o n  B ülow , B u n d esfo rsch u n g san sta lt fü r 
V iru sk ran k h e iten  d er T iere , T üb in g en ; s tra in s  L E D  an d  PV  w ere  iso la te d  from  
loca l epidem ics in  H u n g a ry  (L o m n i c z i  an d  St i p k o v i t s , 1968). Some d a ta  
concern ing  th e  p a th o g en ic ity  o f v a rio u s  s tra in s  are su m m arized  in  T ab le  I .

T ab le  I

Som e biological p ro p e rtie s  o f IB V  stra ins

A ctiv ity  in

IBV strains
Chicken em bryo

Chicken
Passage

Survival,
hours

CEF

B222

LED

No sym ptom s 

Sym ptom s

> 200 th  

4 8 th

<  40 

>  48

CPE, g row th  

No C PE , no grow th

M41 Sym ptom s 4 th >  96 No C PE , no grow th
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T h e origin of th e  o th e r  v iru se s  such as N ew castle  disease v iru s  (NDY), S indbis 
v iru s  and  Sem liki F o re s t  v iru s  (SFY) has been described  elsew here (L o m n i c z i , 
1973).

Propagation and  titra tion  o f  viruses. These w ere ca rried  o u t in  9-days old 
eggs as described e a r lie r  (A n o n ., 1963; L o m n ic z i  a n d  St i p k o v i t s , 1969; 
L o m n i c z i , 1973).

Cells. Chicken e m b ry o  f ib ro b la s t cell (C EF) cu ltu re s  were p rep a red  
accord ing  to  L o m n i c z i  a n d  B u r k e  (1970).

I F  production , I F  titra tion  and pretreatm ent o f  cells w ith  I F  were done 
as described p rev io u sly  ( L o m n i c z i , 1973). I F  t i t r a t io n s  w ere perfo rm ed  in  
tu b e  cultures b y  re c o rd in g  in h ib itio n  of c y to p a th ic  effects (C PE) of S indbis 
v iru s . IF  yields w ere ex p ressed  in  in te rn a tio n a l u n its  (I. U .) estab lished  on th e  
b as is  of com parison w ith  C hick R esearch  S ta n d a rd  A 62/4 sam ple, k in d ly  p ro ­
v id e d  b y  th e  M edical R esea rch  Council, L ondon.

R esults

I F  production in  chickens. S ix-w eek-old chickens w ere in ocu la ted  w ith  
doses of 107 E L D SO/100 g b o d y  w eight of IB V . O f th re e  s tra in s  s tud ied , on ly  
s tr a in  B222 in d u ced  m easu rab le  am oun ts of IF  (20 I .  U ./m l) in  th e  sera of 
chickens as te s ted  4 h o u rs  post-in fec tion .

I F  production in  eggs. In  em b ry o n a ted  eggs on ly  s tra in  B222, w hich  
k illed  the  em bryo ra p id ly , in d u ced  IF , w hile s tra in  L E D , w hich  had  undergone 
m u ch  fewer passages in  ch ick  em bryo , failed  to  induce  m easu rab le  am o u n ts  of 
I F  (F ig. 1).

I F  induction in  C E F .  O f th e  th ree  s tra in s  s tu d ied  on ly  B222 induced  I F  
in  chick cells (Fig. 2). A p p ea ran ce  of IF  coincided w ith  t h a t  o f C PE and  a tta in e d  
m ax im um  by  48 h o u rs  fo llow ing infection . A t th a t  tim e  a b o u t 90 per cen t o f 
cells showed C PE c h a ra c te r is tic  for IBV . B o th  s tra in s  L E D  and M41 h ad  
e lic ited  neither I F  in d u c tio n  n o r C PE in C E F  cu ltu re  b y  th e  96 th  h o u r a f te r  
in fec tion .

10 20 30 40 80

Hours after  infection

Fig. 1. In d u c tio n  o f  I F  w ith  IB V  stra in s  in  egg. B222 • ; L E D  A -----
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Hours after  infection

F ig . 2. In d u c tio n  of IF  w ith  IB V  stra in s  in  C E F cu ltu res. B222 • -------- ; L E D  A ------; M41 ■ -------

A ttem pts to render non-inducer strains to be inducers. A ccord ing  to  ou r 
experiences (Lom niczi, 1973, 1974) tw o m eth o d s, n am e ly  ir ra d ia tio n  w ith  
u ltra v io le t lig h t (UV) of th e  v iru s  or IF -p re tre a tm e n t o f ch ick  cells rendered  
b o th  N D Y  an d  A u jeszky’s d isease v iru s  good inducers. H o w ev er, w hen s tra in  
L E D  w as exam ined  u n d e r th e  sam e cond itions no IF  could  ho d e tec ted  (Table
I I ) .

Tabic II

A ttem p ts  to co n v ert s tra in  L E D  in to  an  I F  in d u cer

Virus treatm en t Cell trea tm en t
IF  yields

24 hours 48 hours

None none <  10 <  10

UV none <  10 <  10

None IF* <  10 <  10

* Cells were p re trea ted  w ith  80 I.U . of IF  for 18 hours.

Conditions in fluencing  I F  induction by I B V .  E ffects o f c e r ta in  tre a tm e n ts  
on I F  induc tio n  b y  s tra in  B222 are  show n in F ig . 3 and  T ab le  I I I .  IF  in d u c tio n

Table III

E ffect of try psin , h ea t and U V -irrad ia tion  on  the  IF -inducing  ab ility  o f IBV

Virus IF  yield

Strain Treatm ent
T itre

e l d 50 40 hours 56 hours

B222 none 107 40 320

B222 try p sin , 60 m in. n.d. 40 320

B222 UV, 4 m in. 101.5 <  1 0 <  10

B222 37 °C, 1 day 102-8 10 20

n.d . =  no t done
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w as unaffec ted  b y  try p s in  t r e a tm e n t o f th e  v irus, w hereas i t  was s ign ifican tly  
decreased  b y  o th e r  tre a tm e n ts  a ffec tin g  th e  in fe c tiv ity  (exposure to  h e a t and  
U Y -irrad ia tion) or reduc ing  th e  m u ltip lica tio n  c a p a c ity  o f th e  v iru s (IF - 
p re tre a tm e n t o f cells). A ccord ing ly , C P E  becam e less d is tin c t u n d er these  
cond itions. The close re la tio n sh ip  be tw een  v iru s m u ltip lic a tio n  and  IF  in d u c tio n  
is reflected  b y  th e  re la tiv e  in d ep en d en ce  o f IF  y ields a t  la te  stage  o f in fection  
(56 hours) on th e  size o f th e  in ocu lum  (F ig . 4.) This sugg ests  th a t  a t  m u ltip lic i­
tie s  of n o t h ig h er th a n  1.0 som e p ro d u c t d u ring  v iru s  rep lica tio n  serves as IF  
in d u cer ra th e r  th a n  th e  in p u t v iru s  itse lf.

Hours af ter  infection

Fig. 3. E ffec t o f IF -p re tre a tm e n t on  IF  in d u c tio n  by  s tra in  B 222. N o rm a l cells • -------- ; IF -
p re tre a te d  cells О ------------

Fig. 4. E ffec t o f  v iru s dose on I F  in d u c tio n  w ith  B222. IF  a t  40 ho u rs  О -------- ; IF  a t
56 hours fi--------

Interference by I B V  stra ins. W hen  C E F cu ltu res  in fec ted  w ith  various 
IB V  stra in s w ere sup erin fec ted  w ith  N D Y , only B222 show ed a sign ifican t 
in terference  a c tiv ity  in  C E F  (T able IV .)
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Table TV

In terference  o f IB V  stra ins w ith  NDY

Interfering
strains CPE and yield of NDV

None

B222

L ED

PV

90%  3.2x10« P F U /m l

0 %  3.2 x 1 0 s P F U /m l

50%  2 .4x10« P F U /m l 

80%  2 .4x10« P F U /m l

Superinfection w ith  NDV was carried  o u t 14 hours a fte r in fection  w ith  IBV.

D iscussion

T he p resen t s tu d ies  have  rev ea led  th a t  from  d iffe ren t s tra in s  o f IB V  
on ly  B222 proved  to  be a good IF -in d u c e r  in  various system s. In  th e  ch icken  
em bryo  and  C E F c u ltu re  B222 n o t  on ly  induced  s ig n ifican t am o u n t o f IF , b u t  
also show ed a h ig h er v iru lence  th a n  s tra in s  L E D  or M41. In  th e  egg m ax im al 
I F  y ie ld  occurred  w hen  th e  em bryo  d ied  an d  in  C E F , w hen  m ore th a n  75 p er 
cen t of cells show ed C PE . C oincidence of h igher v iru lence  w ith  b e tte r  IF  
in d u c tio n  has been  described  in  o th e r  v irus-cell sy stem s as well, n am ely  
d u rin g  infection  o f w este rn  equ ine encep h a litis  v irus ( L o c k a r t , 1963), m engo- 
v iru s  (Ca m p b e l l  an d  Co l t e r , 1967), K ilham  ra t  v iru s  ( K il h a m  et a l., 1968) 
an d  N D V  (L o m n i c z i , 1970, 1973).

S tra in s  L E D  an d  M41 seem  to  be ab ovo unab le  to  induce  IF  in  c o n tra s t  
to  N D V , an o th e r v iru s  being n o n in d u ce r in  u n tre a te d  s ta te . H ow ever, N D V  
can be converted  to  be an  in d u ce r, suggesting  th a t  som e p ro d u c t of th e  v iru s  
or o f th e  rep lica tiv e  cycle m ay  p re v e n t th e  expression  o t th e  IF -in d u c in g  
a b ility  in  N D V -infected  cells (S h e a f f  et al., 1972; L o m n i c z i , 1973), in  c o n tra s t  
to  no n -in d u cer s tra in s  of IBV .

I F  in d uc tion  b y  B222 is closely  associated  w ith  v iru s  rep lica tio n , fo r 
I F  p ro d u c tio n  could  be p rev en ted  b y  e ith e r  in a c tiv a tio n  o f v iru s in fec tiv ity  or 
in h ib itio n  of v iru s m u ltip lica tio n  w ith  IF . On th e  basis of these  o b serv a tio n s 
th e  ty p e  of IF  in d u c tio n  by  IB V  is la rge ly  sim ilar to  th a t  o f SFV since th e  
sam e tre a tm e n ts  re su lted  in  th e  sam e response as fa r  as IF  p ro d u c tio n  is 
concerned  (L o m n i c z i , 1973). In  SFV -in fected  C E F cu ltu re  an  IF  t r e a tm e n t  
re su ltin g  in  a 2000-fold decrease in  v iru s  yield caused m ore th a n  90 p er cen t 
in h ib itio n  of IF  p ro d u c tio n  (B . L o m n i c z i , u n p u b lished  resu lts). I t  has been  
show n th a t  in th e  case o f SFV , I F  in h ib its  v irus R N A  syn thesis  (M é c s  e t a l.,
1967) an d  RN A  syn th esis  in tu rn  is necessary  to  o p tim a l IF  in d u c tio n  (L o m ­
n i c z i  an d  B u r k e , 1970). C on seq u en tly , i t  is possible th a t  in  IB V -in fected  
C E F  cells i t  is also th e  v iru s R N A  accum ula ting  d u rin g  v irus rep lica tio n  
w hich  serves as IF  inducer.
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S tra in  B222, w h ich  was able to  m u ltip ly  in  C E F to  a lim ited  e x te n t, 
in te rfe re d  w ith  th e  g ro w th  of NDY, w hile o th e r  s tra in s  d id  n o t. This fac t 
suggests  th a t  th e  la t te r s  h av e  negligible a c tiv ity  in  C E F . T hese find ings are in  
acco rdance  w ith  th o se  o f  B e a r d  (1967), w ho also observed  th a t  some v ira l 
a c t iv i ty  was needed  fo r IB V  in in te rfe rin g  w ith  NDY.

S u m m ary

In terfe ro n - (IF )  in d u c in g  ab ility  an d  co n d itio n s o f IF  p ro d u c tio n  b y  th ree  stra in s  of 
in fec tio u s b ronch itis  v iru s  (IB V ) were co m p ared . O nly  s tra in  B e au d e tte  a t  h igh em bryo  
passage  show ed sig n ifican t I F  in d u ctio n  in ch ick en s , in  eggs and  in  ch ick  em b ry o  cell cu ltu re . 
M ax im al y ield  o f IF  in  ch ick  cells occurred  a t  48 ho u rs  w hen  ab o u t 80 p e r  cen t o f th e  cells 
show ed destru c tio n . V irus in a c tiv a tio n  by  h e a t  o r  u ltra v io le t  lig h t, an d  suppression  of v irus 
g ro w th  b y  IF -p re tre a tm e n t o f cells, reduced  IF  p ro d u c tio n . IF  p ro d u c tio n  did no t decrease 
sig n ifican tly  when th e  m u ltip lic ity  of in fec tion  w as red u ced  from  50 in fec tious u n its  to  0.1, 
th e re fo re , i t  has been co n clu d ed  th a t  m olecules a cc u m u la tin g  du rin g  v iru s rep lica tion  and  
cap ab le  o f  inducing I F  are  m ore  likely c an d id a te s  fo r in d u cer th a n  th e  R N A  of th e  in p u t 
v iru s. T hese  conditions a ffec ted  IF  ind u ctio n  of Sem lik i F o re s t v iru s likew ise, th u s  th e  IF  
in d u c tio n s , by  SFV an d  IB V  a re  o f sim ilar ty p es . P o te n tia tin g  effects, such  as U V -irrad ia tion  
of th e  v iru s  and  p re tre a tm e n t o f th e  cell w ith  I F ,  fa iled  to  co n v ert tw o non-inducing  s tra in s  
o f IB V  in to  IF  inducers.
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Dr. László T amás

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974





Tuboly , S., Szántó, T. and R á d y  Marietta: Tuberculin Sensitiv ity  o f  Sensitized Lym pho­
cytes ............................................................................................................................................................. 1

H orváth, Z., P a pp , L. and B arth a , A.: Epizootological and Clinical S tudy of Feline Pan-
leucopenia (Infectious Gastroenteritis o f  the C at)..................................................................  7

Se y , 0 .:  On the Species o f  P aram phistom um  o f Cattle and Sheep in H u n g a r y ........................ 19

Mocsári, E ., Sághy , E rzsébet, K iss , Julianna, F ü l e ssy , E. and Óv á r y , L.: Serological 
Studies on the Incidence of Viruses Associated w ith  Respiratory and Enteric Diseas­
es in Cattle in the S tate  Farms of Fejér C o u n ty .....................................................................  39

H a n h , N . V.: A Gosling D isease in V ie t-N a m ..........................................................................................  45

Soos, P ., Gippert , Erzsébet and Csontos, G.: Population Genetic Studies o f Serum Trans­
ferrin Variants in  Som e Populations o f H ungarian Spotted C a tt le .................................  55

Molnár, К .: On D ip lostom osis o f the Grasscarp Fry .......................................................................  63

B okori, J.: Contribution to  the Haem ogram s of the Buffalo and of the Cam el........................ 73

Bartha , A ., K isa r y , J. and B élák , S.: The General Febrile R espiratory Form of Infec­
tious Bovine R hinotracheitis in C alves........................................................................................ 77

H orváth, Irén: E lectron M icroscope Study of Chicken Proventriculus...................................  85

Molnár, К .: D ata on the “ O ctom itosis” (Spironucleosis) o f Cyprinides and Aquary
F is h e s ..........................................................................................................................................................  99

Mu r á n y i, F. and J uhász , S.: Studies on the Cell-Bound Escherichia coli H aem olysin .......... 107

Csontos, L., Szent-Iv á n y i , T. and Be n y e d a , J.: V accination E xperim ents against the 
Transmissible G astroenteritis (TGE) of Swine. I. Relationship of Antibody Level 
and Im m u n ity ..........................................................................................................................................  I l l

B e n y e d a , J ., Mocsári, E . and Sághy , Erzsébet: V accination E xperim ents against the 
Transmissible G astroenteritis (TGE) of Swine. II. Persistence of Postvaccination  
Titres and the A n tib ody Response to R evaccination ............................................................ 121

P ellér dy , L.: Studies on the Coccidia of the D om estic Cat. Isospora novocati sp. n.............  127

K utas, F. and Szabó, J.: A Study of Gastric Acid Production in Pigs in Relation to Early
W eaning .................................................................................................................................................... 133

Stipkovits, L. and Varga , Lea: Serological Studies of Bovine M ycoplasm as and Achole-
plasm as ...................................................................................................................................................  139

H eller , G.: The Fine Structure of Lankesterella  sp. Sporozoites Parasitic in the Frog
R ana  p ip ien s  ..........................................................................................................................................  151

B e n y e d a , J ., Mocsári, E . and Gajdács, Gy .: Im m unological Study of Swine Transmis­
sible G astroenteritis (T G E ) .............................................................................................................  159

P ellér d y , L., H önich, М. and Sugár , L.: Studies on the D evelopm ent of E im eria  leporis 
(Protozoa : Sporozoa) and on its Pathogenicity  for the Hare (Lepus europaeus 
Pall) ............................................................................................................................................................. 163

INDEX



K utas, F ., Vetési, F . a n d  Se m jé n , G.: E x p e rim e n ta l D iarrhoea in B a b y  R a b b its  D ue to  
O ral A d m in is tra tio n  o f H eat-lab ile  E n te ro to x in  of E . coli E n te ro p a th o g e n ic  for 
Swine ...........................................................................................................................................................  177

Stipk o v its , L., Schim m el, D . and  Varga, L ea: C om paritive  S tu d y  o f Sw ine M ycoplasm a
Species .......................................................................................................................................................  187

L omniczi, B.: In te rfe ro n  In d u c tio n  by  D iffe ren t S tra in s  of In fec tious B ro n ch itis  V iru s. . . 199

B ib lio g rap h ia  .........................................................................................................................................................  205

P rinted  in  H ungary

A k iadásért felel az Akadém iai K iadó igazgatója
A kézirat nyom dába érkezett: 1974. III. 8.

Műszaki szerkesztő: Botyánszky Pál 
Terjedelem: 18 (A/5) ív, 87 ábra (1 színes)

74.00147 Akadémiai Nyomda, Budapest Felelős vezető: Bernât György



ACTA V E T E R  IN A R I A

TOM 24 -  ВЫП. 1 - 2

РЕЗЮ М Е

ЧУ ВСТВИ ТЕЛ ЬН О СТЬ К Т У Б Е Р К У Л И Н У  
С ЕН СИ БИ Л ЬН Ы Х  ЛИМ ФОЦИТОВ

Ш. ТУБОЙ и Т. САНТО

И зучалась чувствительность лимфоцитов морских свинок, привитых живыми  
Культурами разных штаммов M ycobacterium  bovis, М. av iu m , М. ulcerans и М. xenopei, 
к антигенам разны х микобактерий. В качестве антигена употреблялись препараты тубер­
кулина P PD , очищенный антиген обозначения Ps и проверена их  активность в провоци­
ровании «бласт-трансформаций».

Сравнив индуктивный эффект бычьего и птичьего P P D , обнаружено, что в сенси­
билизированных М. bovis лимфоцитах их показатели были близки друг к другу. Зато  
имелась сущ ественная разница в этих показателях, если лимфоциты сенсибилизировались  
М. avium . Не было разницы в действии на лимфоциты упомянутых антигенов, если экспе­
риментальных животны х привили М. ulcerans и М. xenopei соответственно.

Антиген P s, полученный из штамма М. bovis A N 5, вызывал бласт-трансформацию  
только в группе животных, привитых М. bovis. Лимфоциты других групп животны х  
на этот антиген не реагировали.

К ЭП И ЗО О ТО Л О ГИ И  И К Л И Н И К Е  ВИРУСНОЙ П А Н Л ЕЙ К О П ЕН И И  К О Ш ЕК

ХОРВАТ 3., ПАПП Л. и БАРТА А.

На основании тщательных наблюдений на 1770 кош ках изучались эпизоотология  
и клиника вирусной панлейкопении (инфекционного гастро-энтерита) кошек. Обособлены  
разные клинические формы болезни, разработан эффективный способ терапии и опре­
делена динамика обнаруживаемости болезни по отдельным порам года и возрастным  
группам. Проведены эксперименты по изоляции вируса и получению вакцины.

За  десятилетие (1962— 1972) среди 7944 кошек клиники 1770 (22,3% ) болело  
панлейкопенией. Вспышки болезни наблюдались главным образом весной и осенью. 
Чаще болели кошки возраста 7 — 12 месяцев (38,8% ).

Среди подострой, острой и хронической форм болезни чаще всего регистрируется  
острая. Д л я  нее характерны высокая температура (4 0 ,4 —42,0° С), повторные рвоты, 
тяжелый эксикоз и лейкопения (500—500 лейкоцитов в мм3). У  одной части больных 
наблюдался некроз слизистой языка в виде 3 —4 мм-й полосы (маргинальный абсцесс). 
Д ля хронической формы болезни характерны упорный кишечный катар, анемия и кахекти­
ческое состояние.

В терапии особое значение имеет внутривенное введение крови кош ек стар­
шего возраста или иммунизированных животны х, введение жидкости (дегидрация) и для  
профилактирования вторичных бактериальных инфекций введение через рот неомицина 
порошка и хлорамфеникола инъекции.

Кроме тяж елой морбидности болезнь характеризуется высокой летальностью.
Вирус изолировался из разных органов 47 павших кошек. Из органов 6 животных  

удалось изолировать вирус панлейкопении во вторичной кошачьей почечной клеточ­
ной культуре.

Искусственное зараж ение вирусом показало, что инфекционный ларинго-энтерит  
и вирусная панлейкопения кошек это одна и та ж е  болезнь.

При помощи вируса, культивировавш егося на вторичной кошачьей почечной 
клеточной культуре, получена обработанная формалином вакцина, не уступаю щ ая в 
эффективности вакцине «фелидовак» фирмы Берингверке.



В И ДЫ  ПАРАМФИСТОМУМОВ КРУПНОГО  
РОГАТОГО СКОТА И О В Е Ц  В ВЕНГРИИ

О. ШЕИ

Описываются три вида рода Param phistom um  (P . daubneyi D innik, 1962, P. ichi- 
kawai F uku i, 1922, P. leydeni Näsm ark, 1937) из крупного рогатого скота и овец Венгрии. 
Среди них Р. daubneyi обнаруж ивался только в крупном рогатом скоте, P. ichikawai и 
Р. leyd en i главным образом в овцах и реж е в крупном рогатом скоте.

Н а основании специфичности промежуточного хозяина и морфологических свойств 
автором доказано, что раньше описанный из Венгрии вид P. microbothrium  на самом 
деле является P. daubneyi.

Д ается  детальный анализ сходных признаков P. (liorchis) scotiae и P. leydeni.

СЕРОЛ ОГИЧ ЕСКИ Е И С С Л ЕД О ВАН И Я  Н А  О Б Н А РУ Ж Е Н И Е  ВИРУСОВ, 
ВЫ ЗЫ ВА Ю Щ И Х  ЗА Б О Л Е В А Н И Я  

Д Ы Х А Т Е Л Ь Н Ы Х  П У ТЕЙ  И П И Щ ЕВА РИ ТЕЛ ЬН О ГО  Т РА К Т А  
КРУПНОГО РОГАТОГО СКОТА В ГО С У ДА РСТВЕН Н Ы Х  

Х О ЗЯ Й С Т В А Х  КОМ ИТАТА Ф ЕЙ ЕР

Э. МОЧАРИ, Э. ШАГИ, Ю. КИШШ, 
Э. ФЮЛЕШИ и Л. ОВАРИ

Проводились серологические исследования в 14 государственных хозяйствах  
комитата (области) Фейер на выявление нейтрализирую щ их антител против вируса 
вирусного поноса (ВП), инфекционного бронхо-ринита (ИБР) и аденовирусов, дальше, 
комплемент связывающих антител против хламидий. Среди 1988 проб крови перечислен­
ные антитела обнаружены в пробах крови из отдельных хозяйств в следующем соотно­
шении:

вирус И БР 0 —52%
вирус ВП 7 — 73%
аденовирус 3 4 —86%
хламидия 0 —32%

в среднем 14,8%
в среднем 33,2%
в среднем 66,2%
в среднем 8,2%

Сравнивается результат серологических исследований проб крови из клинически 
здоровы х и больных респираторными и энтеральными болезнями поголовьев. Авторы 
приходят к заключению, согласно которому в поголовьях с клиникой и экономическим  
ущ ербом антитела против ВП  и аденовирусов обнаруживаются в большем проценте 
животны х, чем в таковых клинически здоровы х поголовьев. Такой разницы в обнаруж и­
ваемое™  антител против И Б Р  и хламидии не обнаруж ено.

Н а основании сказанного можно прийти к выводу, что аденовирусы и ВП играют 
более важ н ую  роль в этиологии вирусных заболеваний дыхательных путей и пищевари­
тельного тракта среди крупного рогатого скота государственных хозяйств комитата Фейер, 
чем вирус И Б Р  и хламидии.

ЗАБОЛЕВАЕМ О СТЬ М О Л О ДЫ Х  ГУСЕЙ ВЬЕТНАМ А

ХАН Н. В.

В  последние годы зарегистрированы вспышки заболеваний, которые на месте 
диагносцировали как чуму гусей. По своей эпизоотологии, клинике, патологоанатоми­
ческой картине и патогистологическим изменениям они очень похож и на заболевания, 
именуемые в Венгрии инфлюэнцой гусей.

В Вьетнаме болеют обычно гусята 1— 3-недельного возраста и смертность в пер­
вые годы достигает 60—90% . Описываются клинические признаки, патологоанато­
мические и патогистологические изменения болезни молодых гусей Вьетнама. В рас­
пространении болезни в Вьетнаме важнейш ую роль играли не инкубационные станции, 
а очень ж ивое перемещение населения и гусей, разных инфицированных средств ухода, 
являю щ ихся следствием военных событий.



Из органов естественно заразивш ихся вьетнамских гусей автором изолирован  
вирусный штамм (обозначения V). Вьетнамский вирусный штамм V и венгерский виру­
сный штамм В размножаю тся в гистологической культуре фибробластов гусиного заро­
дыша, но без оценимого цитопатогенного эффекта. Зародыш утки Cairina m oschata вос­
приимчив к вирусным штаммам V и В. Оба штамма резистентны к воздействию хл оро­
формом, pH 3, температурой, 0,25%  трипсина, 0,2% натрия додецилсульфата и 0,1%  
сапонина. После пассаж а через гусиный зароды ш  вирулентность вируса V ослабела.

Пробы нейтрализации и перекрестной защиты сыворотки показали, что структура  
вьетнамского вирусного штамма V, наичаще обнаруживаемого в Венгрии штамма В и 
изолированного в Голландии вируса не отличаются друг от друга.

П О П У Л Я Ц И О Н Н О -ГЕН ЕТИ Ч ЕСК О Е И ЗУ Ч Е Н И Е  
ТРА Н С Ф Е РИ Н О В Ы Х  В А РИ А Н Т О В  В Н ЕК О ТО РЫ Х  

П О П У Л ЯЦ И ЯХ ВЕН ГЕРС К О ГО  СКОТА

Г. ШООШ, Э. ГИППЕРТ и г . ч о н т о ш

В разных популяциях венгерского скота изучались геновая частота сывороточного 
трансферина и сегрегация аллелей среди 18 816 голов животны х, служащ их для 9166  
случаев подбора. О бнаруж ено 6 трансфериновых аллелей. При спаривании гомозигот­
ных коров и гетерозиготных быков среди телят обнаружено математически достоверное 
отсутствие гетерозиготных особей, то есть доказан т. наз. эффект, “ unlike-homozygous- 
m other effect”  (m aternal-foetal incom patibility). Кроме этого при анализе по К аттаб и 
сотр. (1964) обнаруж ено не мало отклонений в сегрегации отдельных фенотипов аллелей. 
Данные являются подтверждением обнаруж енного другими авторами факта, что поли­
морфизм трансферинов крупного рогатого скота не является уравновешенным полимор­
физмом; считается вероятным, что он стоит под воздействием пока нерасшифрованных 
иммунологических или физиологических факторов.

Д А Н Н Ы Е  К  ДИПЛОСТОМ ОЗУ М АЛЬКОВ ТОЛСТОЛОБИКА

К. МОЛНАР

Среди 3-недельных мальков толстолобика (Ctenopharyngodon idella), выращиваю­
щ ихся в пруде, наблюдалась 90%-ная гибель. Причиной гибели мальков длины 1,7— 2,5  
см явились мигрирующие церкарии D iplostom um  spathaceum  В тяж ело больных ж ивот­
ных обнаруж ено 2 0 —25 осевших личинок в чечевице глаза и 10— 15 мигрирующих тако­
вых. Мигрированием церкарий вызывались обнаруживаемы е пустым глазом кровоизлия­
ния.

Попавшие в орбитальную полость или глазное яблоко церкарии окруж ает, как  
правило, пролиферативная ткань.

Д А Н Н Ы Е  К ГЕМОГРАММЕ БУ Й ВО Л А  И В Е РБ Л Ю Д А

Й. БОКОРИ

Приводятся данные исследований крови (количество эритроцитов, белых кровяных  
телец, гемоглобина, гематокрита, качественной кровяной картины, РОЭ) 47 здоровы х и 
страдающих разными болезнями взрослых буйволов и буйволят, а также 35 взрослы х  
верблюдов. Сопоставляя немногочисленные литературные данные со своими, автор указы­
вает на то, что среднее количество эритроцитов у  больных животны х (взрослые буйволы  
— 4,5 млн.; буйволята — 5,5 млн.) было меньшим, чем у  здоровы х животных (5,8 и 6,5  

млн. соответственно). Количество белых кровяны х телец у  больных животных повыси­
лось приблизительно на 50%  (11 700 и 12 4 0 0  соответственно). В показателе гемоглобина 
и гематокрита не было существенной разницы м еж ду  здоровыми и больными животными. 
В кровяной картине больных буйволов наблю дался сдвиг влево (66 и 57% -ная нейтро-



филия соответственно). РОЭ у больных животны х, особенно в первые два часа, была 
быстрой. Средний диаметр эритроцитов равнялся 5,1 микронам.

В 1 мм3 крови верблюдов насчитывалось в среднем 5,5 млн. эритроцитов, 13 200  
белых кровяных телец, обнаруж ено 11,8 г% гемоглобина и 29% гематокрита. Кровяная  
картина была то слабо лимфоцитарной, то нейтрофильной. Темп РОЭ у  верблюдов был 
очень медленным и оседание закончилось только после 72 —96 часов; с 24-ого часа оно  
было часто двухфазным.

Л И Х О РА Д О Ч Н А Я , ОБЩ АЯ ФОРМ А И Н Ф ЕКЦ И О Н Н О ГО  
РИ Н О Т РА Х ЕИ Т А  С РЕ Д И  Т ЕЛ Я Т

А. БАРТА, Я. КИШАРИ и Ш. БЕЛАК

В поголовьях крупного рогатого скота крупны х хозяйств, особенно среди телят  
1 — 6-месячного возраста, реж е среди молодняка и племенных животны х, часто регист­
рировалось тяж елое заболевание при наличии клиники со стороны дыхательных путей, 
наносящ ее большой экономический ущ ерб. Тем пература больных телят повысилась до 
4 1 —42° С, животные были угнетенными, у  них наблюдался отказ от корма, истечение 
слизи из носовой полости и пенистое слюноотделение, иногда болезненный сухой кашель. 
После острых признаков часть животных вы здоровела, у  другой части развилась хрони­
ческая серозно-гнойная пнеймония. П адеж  иногда достигал 20% . У  взрослых ж ивот­
ных бесхарактерное, острое, лихорадочное заболевание дыхательных путей проходило  
доброкачественно, без возникновения сопутствую щ ей пнеймонии. И з больных телят в 
тканевых культурах удалось изолировать вирус IB R . Данное заболевание по эпизоото­
логии и клинике отличается от доселе известных 5 форм болезни (заболеваемость верхних  
дыхательных путей, вирусное воспаление влагалищ а, энкефалит, конъюнктивит, аборт), 
вызываемой вирусом IB P ; поэтому это общее лихорадочное заболевание дыхательных 
путей м ож но считать 6-ой формой болезни, вызываемой вирусами IB R .

Этой формой болезни в Венгрии наносится больше ущерба, чем всеми остальными 
формами вместе.

Э Л ЕКТРО Н Н О -М И К РО СКО П И Ч ЕСКО Е И ЗУ Ч Е Н И Е  
С ТРУКТУ РЫ  Ж ЕЛ Е ЗИ С Т О ГО  Ж Е Л У Д К А  К У РЫ

И. ХОРВАТ

Изучены все типы эпителиальных клеток железистого ж ел удк а куры.
Эпителиальные клетки просвета ж ел удк а  и таковые ж елез проприи по строению  

не отличались от поверхностных клеток млекопитающ их, выделяющих муцин. П оскольку  
разницы в строении эпителиальных клеток ж елезистого ж елудка и клеток крипт не об­
наруж ено, автор сомневается в правильности отдифференциации последних при помощи 
термина «железы проприи».

Больш ую часть стенки ж елезистого ж ел удк а составляют «железы субмукозы», 
организованные в множественные кругловатые или неправильной формы дольки. Т у б у -  
лезные ж елези .ты е ж елудочки, подобно низшим позвоночным, выстланы так называемыми 
«оксинтико-пептическими» клетками. И х ультраструктура является характерной смесью  
таковой главных и обкладочных клеток, что является следствием двойной функции еди­
ной клетки. Клетки выделяют содержимое беспрерывно. В условиях кормления вволю  
интенсивность выделения зависит главным образом от поры дня.

М еж ду зрелыми «оксинтико-пептическими клетками» имеются недифференциро­
ванные и «аргентафинные» клетки.

Д А Н Н Ы Е  К « 0К Т 0М И Т 03У » (С П И РО Н У К Л ЕО ЗУ )
Ц И П РИ Н И Д  И А К В А Р И Й Н Ы Х  РЫ Б

К. МОЛНАР

На основании данных изучения несколькых случаев автор приходит к заключению, 
согласно которому ж гутиковы е семейства D iplom astiginae для ципринид и акварийных  
рыб такого ж е патологического значения, какое они представляют при так называемом  
октомитозе постругов.



Виды, включенные автором в род Spironucleus, могут вызывать гибель амура, 
усача и лестнички.

У  амура паразиты вызывают энтерит, асцит и общую водянку. У  усача наблюдались  
энтерит, некроз печени и образование серозного выпота в брюшной полости; у  лестнички 
энтерит, далее кроветеки и некроз по всему телу, но особенно на голове. Х арактер­
ностью гибели этих рыб явилось, что эти типичные кишечные паразиты в больш ом коли­
честве обнаруживались в печени усача и в крови амура и лестнички.

И ЗУ Ч Е Н И Е  Т ЕМ П Е РА Т У РН О Й  ЧУВСТВИТЕЛЬНОСТИ  
ГЕМ ОЛИ ЗИ НА, СВЯЗАНН ОГО С К Л Е Т К О Й  ESCH ER IC H IA  COLI

Ф. МУРАНИ и Ш. ЮХАС

Авторами изучалась температурная чувствительность гемолизина, связанного с 
клеткой Escherichiacoli. Они обнаружили, что от термообработки без сущ ественного по­
вреж дения микробного числа гемолизирующий эффект прекращается. В пределах 42 — 
50° С как начальные показатели пониж ения титра, так и срок полного его исчезновения  
при изображ ении функционального взаимоотношения с температурой показывает экспо­
ненциальную регрессию. В трансформированной системе показатели начального пони­
ж ения титра и его полного исчезновения изменяются параллельно.

ЭКСПЕРИМ ЕНТЫ  ПО В А К Ц И Н А Ц И И  ПРОТИВ  
ВИРУСНОГО ПОНОСА СВИНЕЙ

I. ВЗАИМОСВЯЗЬ МЕЖДУ ВАКЦИНИРОВАНИЕМ СВИНОМАТОК И КОЛОСТРАЛЬНЫМ
ИММУНИТЕТОМ ПОРОСЯТ

Л. ЧОНТОШ, Т. СЕНТ-ИВАНИ и Я. БЕНЕДА

Проводились эксперименты вакцинирования вирусом поноса свиней (transm issive  
gastro-enteritis, TGE) обозначения СКр, пассированного 15 и 27 раз в свиной почечной и 
свиной щитовидножелезистой клеточной культуре соответственно. В двух стадах вак­
цинировано всего 77 супоросных свиноматок 3 — 10 недель до опороса. Одна часть свино­
маток вакцинировалась один раз, другая — два раза с промежутком времени в 2, 3 и 6 
недель соответственно. Вируссодержащ ая ж идкость вводилась в носовую полость.

Вакцинирование свиноматки переносили бессимптомно. Выделение вируса наблю­
далось только у  одной свиноматки, привитой непосредственно перед опоросом. В крови 
поросят этой свиноматки появились в высокой концентрации вирус нейтрализирующие 
антитела. Вакцинный вирус оказался безвредным в отношении поросят.

После вакцинации и потом после опороса пробой нейтрализации регистрировали  
появление и изменение концентрации антител в крови и молозиве. Наиболее удобным  
оказалось вакцинирование два раза с пром еж утком  времени в 6 недель. От вакцинаций с 
промежутком в две недели в крови и молозиве свиноматок обнаруж ен высокий уровень  
антител.

Эффективность вакцины контролировали заражением поросят. О бнаруж ено, что 
на неблагополучном месте защиту поросят м ож но обеспечить только в том случае, если 
они бесперебойно будут получать молозиво и молоко, содержащ ее антитела. Если уровень  
антител в молоке понизился, или поросят отбили от матки после высосания м олозива, они 
легко зараж ались, хотя их кровь всегда содер ж ал а антитела. Если поросята бесперебойно  
снабжались антитела содержащим молоком, то они не болели на неблагополучном месте 
и под защ итой антител приобретали иммунитет.



Э К СП ЕРИ М ЕН ТЫ  ПО В А К Ц И Н А Ц И И  ПРОТИВ  
ВИРУСНО ГО ПОНОСА С В И Н Е Й

II. ПЕРСИСТИРОВАНИЕ ТИТРОВ ПОКАЗАТЕЛЕЙ И ИХ ИЗМЕНЕНИЕ ПОСЛЕ ПОВТОРНОЙ
ВАКЦИНАЦИИ

Я. ВЕНЕДА, Э. МОЧАРИ и Е. ШАГИ

П родолжая начатые раньш е эксперименты по вакцинации против вирусного поноса 
свиней (transm issive gastro-enteritis, TGÉ) у  свиноматок, привитых полгода тому назад  
вакциной с живым вирусом, изучали персистирование титров антител и их изменение 
после повторной вакцинации.

Изучая персистирование показателей титра, обнаруж или, что средний титр на 
2 ,27  log выше такового у  свиноматок, привитых полгода тому назад. Он ж е  у  животных, 
дваж ды  привитых с пром еж утком  времени в две недели, не изменился; у  дважды приви­
тых животных с пром еж утком  времени в 3 и 6 недель титер понизился на 0,89 log 2  и 
3,25  log 2 соответственно. П ониж ение высоких титров всегда было более существенным, 
чем низких.

Показатели титра у  повторно привитых свиноматок зависели от уровня титра 
антител в момент их второй прививки. Низкие показатели титра поднялись более сущ е­
ственно, чем высокие. От повторной ревакцинации не получено существенно лучшего 
результата, чем от разовой таковой.

На основании данны х авторы приходят к заключению, согласно которому перси­
стирование показателей титра наиболее выразительно после двухкратной вакцинации с 
промежутком времени в две недели, то есть разовым повторением вакцинации полгода 
спустя уровень антител у  свиноматок формируется наиболее благоприятно.

И ЗУ Ч Е Н И Е  К О К Ц И ДИ О ЗО В  КОШ КИ

Л. ПЕЛЛЕРДИ

Дается описание нового вида кокцидии кошки (Felis catus) Isospora novocati sp. n., 
напоминающего немнож ко собачий вид Isospora r ivolta . Оба вида можно легко отдиф­
ференцировать друг от друга. Кругловатые или короткие эллипсоидные ооцисты промера 
2 4 — 30 / т  (круглые формы), или 2 2 — 30 х  29—27 /гм . Срок спорулирования при комнатной 
температуре равняется 1— 2 дням, препатентный период — 6 дням. Собак не удалось  
инвазировать его спорулированными ооцистами. М ассивная инвазия вызывала у  кошек  
переходный понос.

И З У Ч Е Н И Е  П РО ДУ К Ц И И  Ж Е Л У Д О Ч Н О ГО  СОКА 
У ПО РОСЯТ В СВЯЗИ С Р А Н Н Е Й  ОТБИВКОЙ  

Ф. КУТАШ и Й. САБО

Проведено сравнительное изучение продукции ж елудочного сока у  отбитых и 
подсосных поросят с Кой до 4-й недели жизни. Ж елудочная слизистая оболочка стимули­
ровалась подкожным введением гистамина, секреторный ж е ответ изучался проверкой  
pH  ж елудочного сока. Большинство подсосных поросят было ахлорогидрозным или 
гипохлорогидрозным: выделения соляной кислоты после введения гистамина или совсем  
не наблюдали, или обнаруж ено совсем слабое ее выделение в желудочном соке. Зато  
большинство отбитых в 1-недельном возрасте поросят после инъекции гистамина вы­
деляло с желудочным соком соляную кислоту.

Н а основании полученны х данных можно заключить, что срок ахлорогидрии су­
щественно короче в случае ранней отбивки поросят, чем у подсосных животных. Обна­
р уж ен о , что выделение соляной кислоты наступает скоро после отбивки. Раннее появ­
ление желудочной кислоты благотворно сказывается на желудочном протеолизе, кроме 
этого она может профилактировать пероральное зараж ение.



СЕРОЛОГИЧЕСКОЕ И ЗУ Ч Е Н И Е  БЫ Ч Ь И Х  
М ИКО ПЛАЗМ  И А Х О Л ЕП Л А ЗМ

Л. ШТИПКОВИЧ и Л. ВАРГА

Референтные штаммы микоплазм и ахолеплазм бычьего происхождения изучались  
в пробах торможения роста и метаболизма. Доказано наличие двухсторонней перекрест­
ной реакции м еж ду серогруппами 7 PG 50 (Leach) и L В 144P/Al-Aubaidi в пробе мета­
болизма и односторонней таковой в пробе торможения роста. Метаболическая активность  
М. agalactiae subsp. agalactiae (PG  2) тормозилась антисывороткой М. agalactiae subsp. 
bovis (D onetta).

Серогруппы, обозначенные буквами H , I и К  (A l-Aubaidi), показывали статисти­
чески достоверные двухсторонние перекрестные реакции в обеих пробах с видами М. 
gateae, М. gallinarum  и A. axanthum , подтверж дая правильность наблюдений Эрно, Юр- 
манова и Лич (1973).

ТОН КАЯ С ТРУ К Т У РА  СПОРОЗОИТОВ ВИДОВ  
L A N K E ST E R E L L A ,

П АРАЗИ ТИ РУ Ю Щ И Х В RAN A  P IP IE N S

Г. ХЕЛЛЕР

Тонкая структура видов рода Lankesterella почти идентичная. Мембрановидные 
(сосиско образные) органеллы каж утся  особенно характерными для всех видов. П елли­
кула при движ ении образует невысокие складки. Форма этих складок или «волн» сравни­
вается со складками спорозоитов E im eria stiedai. Паразитофорная вакуоль наполнена  
малыми пузырьками, оторвавшимися от мембраны хозяинной клетки.

ИМ М УНОЛОГИЧЕСКОЕ И ЗУ Ч Е Н И Е  
ИНФ ЕКЦ ИОН НО ГО ГАСТРО ЭН ТЕРИ ТА СВИНЬИ

Я. БЕНЕДА, Э. МОЧАРИ и ДЬ. ГАЙДАЧ

Во время вспышки инфекционного гастроэнтерита свиней (transmissible gastroen­
teritis) изучалась корреляция м еж ду понижением и прекращением заболеваемости и смерт­
ности от этой болезни с одной стороны и повышением антител в молозиве и молоке маток, 
с другой. Образцы крови и молока брались от тех свиноматок, которые поросились к  
12-у и 13-у дням после наступления болезни. Образцы крови, полученные в день опороса  
и на 7 дней позж е, и образцы молока, полученные в день опороса и после 3, 5 и 7 дней, 
изучались на вирус нейтрализирующие антитела. Титры антител были отрицательно 
пропорциональны заболеваемости и смертности поросят в момент вспышки болезни. На  
основании полученных данных м ож но прийти к заключению, согласно которому забо­
леваемость и гибель среди поросят профилактируется только при соотношении титра 
антител в молозиве и молоке 1 : 8.

К Ц И К Л У  Р А ЗВ И Т И Я  
E IM E R IA  L E PO R IS  

И ЕЕ ПАТОГЕНН ОСТИ Д Л Я  ЗА Й Ц А

Л. ПЕЛЛЕРДИ, М. ХЁНИХ и Л. ШУГАР

Изучение туш ек спонтанно инвазированных зайцев и двух искусственно зар аж ен ­
ных молодых зайцев (Lepus eupaeus) показало, что массивная или повторные инвазии  
спорулированными ооцистами Eim eria leporis могут быть причиной летального кокци­
диоза. Д ается новое описание морфологии ооцист Е. leporis, детальное описание эндо­
генных стадий развития и выяснен препатентный период развития, который равняется  
7 дням. Два молоды х зайца, страдающих слабым кокцидиозом Е. leporis, от зараж ен ия  
через рот 2 миллионами спорулированных ооцист смертельно заболели. На основании  
этого авторы заключают, что к Е. leporis вырабатывается только слабый иммунитет. Слабая  
иммуногенность вида может быть причиной его широкого распространения.



ЭКСП ЕРИ М ЕН ТА Л ЬН Ы Й  ПОНОС У  Д Н Е В Н Ы Х  КРОЛЬЧАТ, 
В Ы ЗВ А Н Н Ы Й  В В Е Д Е Н И Е М  Ч Е Р Е З Р О Т  ЭНТЕРО П АТО ГЕН Н О ГО  Д Л Я  

СВИНЬИ ТЕП Л О -Л А БИ Л Ь Н О ГО  ЭНТЕРО ТО КСИ НА Е. COLI

Ф. КУТАШ, Ф. ВЕТЕШИ и Г. ШЕМЬЕН

Изучались патофизиологические изменения у  подсосных крольчат, вызванные 
энтеротоксином Е. coli, и сравнивались с ответными реакциями контрольных животных, 
обработанных полным клеточным лизатом не энтеротоксических штаммов.

Доказано, что тепло-лабильный токсин, продуцируемый энтеропатогенным штам­
мом Е . coli свиного происхож дения, вызывает понос с характерными клиническими симп­
томами и патологоанатомическими изменениями; полный клеточный лизат не энтероток­
сических штаммов Е . coli этих симптомов не вызывает.

Энтеротоксином вызванные изменения очень напоминали таковые при естественном  
мукоидном энтерите кроликов и колибациллезном поносе поросят: усиливается секре­
ция в просвет кишечника, наступает понос, тяж ел ая  дегидрация, метаболический ацидоз 
и уремия.

Изучены количество и состав жидкости, накопивш ейся в кишечнике. По сравнению  
с плазмой хозяина она богата бикарбонатом и изоосмотична с ней.

Подсосные крольчатакаж утся удобной моделью для изучения эффекта энтероток­
сина Е coli.

С РА В Н И Т Е Л Ь Н О Е  И З У Ч Е Н И Е  СВИ Н Ы Х  ВИДО В  
РОДА M YCOPLASMA

Л. ШТИПКОВИЧ, Д. ШИММЕЛ и Л. ВАРГА

Стандартными методами изучены свойства репрезентативных свиных видов рода 
M ycop lasm a и A ch o lep lasm a. Для дифференциации видов удобны следующие обнару­
ж енны е признаки: потребность в холестероле, чувствительность к натрию полианетола, 
сульфонату и дигитонину, расщепление глюкозы, аргинина, эскулина, галактозы и кси­
лозы, фосфатазная активность, образование пленки и пятна; резистентность к хлориду  
натрия, азиду натрия, pH  5 ,5  и 9,5, Твин 8 0  и эритромицину.

Обнаружена взаимосвязь между pH питательной среды и количеством колонио  
формирующих единип (colony-form ing u n its )  в культурах; это соотношение нуж им  
учитывать при культивировании и пересеве микоплазмозных (ахолеплазмозных) штан- 
мов.

СПОСОБНОСТЬ И Н Д У К Ц И И  И Н ТЕРФ ЕРО Н А  
РАЗН Ы М И  ШТАММАМИ ВИ РУ С А  И Н Ф ЕКЦ ИОН НО ГО  

Б Р О Н Х И Т А

Б. ЛОМНИЦИ

Сравнивались способность индукции интерферона и условия его образования  
тремя штаммами вируса инфекционного бронхита. Только штамм Бодет после большого 
количества пассажей через куриный зародыш индуцировал в цыплятах, в яйцах и клеточ­
ной культуре из куриного зародыша образование интерферона. Максимальное количе­
ство интерферона в цыплячьих клетках обнаруж ивалось к 48 часам, когда примерно 
80%  клеток показывало деструкцию. Инактивирование вируса температурой и ультра­
фиолетовыми лучами и торможение размнож ения вируса путем предварительной обра­
ботки клеток интерфероном снижают продукцию  интерферона. П родукция интерферона 
не понизилась статистически достоверно, если интенсивность зараж ения снизили с 50  
инфекционных единиц до 0 ,1 , поэтому предполагается, что источником индукции явля­
ются молекулы, накопляющ иеся при разм нож ении вируса и способные продуцировать  
интерферон, а не Р Н К  выделяющегося вируса. Эти ж е  условия действуют на индукцию  
интерферона вирусом Семлики Форест. Таким образом, индукции интерферона вирусами  
Семлики Форест и инфекционного бронхита являю тся подобного типа. Потенцирующим  
воздействием, а именно облучением вируса ультрафиолетовыми лучами или предваритель­
ной обработкой клеток интерфероном, не удалось преобразовать двух штаммов вируса  
инфекционного бронхита, не индуцирующих образование интерферона в индуцирующ ие 
таковые.
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VISCERAL LARVA MIGRANS 
OF NEOASCARIS VITULORUM  IN LABORATORY

ANIMALS

B y

O. A. A t a l l a h , I. Mo s sa l a m  and M. S. A b d e l - R ahm a n

Patho logy , M icrobiology and P arasito logy  D e p t. F a c u lty  o f V et. Med. E l Zagazig 
an d  P atho logy  a n d  P arasito lo g y  D e p a rtm en t F a c u lty  o f V et. Med. Cairo U n iv ersity

(Received M arch  19, 1973)

The reac tio n s  to  pa rasite s  of m a n  in  ab n o rm a l h o sts  have been e x te n ­
sively  stud ied . T h e  reverse  s itu a tio n , in  w hich  m an h im se lf is th e  ab n o rm a l 
h o st for p a ras ite s  o f o th e r  anim als, h as  received  considerab ly  less a tte n tio n .

A few cases w ere re p o rte d  by  T a k a t a  (1951), an d  M e n d h e i m  e t al. (1952) in  w hich  
a n im a l ascarids hav e  in fec ted  hum ans and dev elo p ed  to  sexual m a tu r i ty  in m uch th e  sam e 
m an n e r as in th e ir n o rm al hosts. Due to its r a r i ty ,  th e  im p o rtan ce  of th is  type  of in fec tion  is 
re la tiv e ly  sm all, y e t,  i t  c a n n o t be overlooked. On th e  g round  o f a  s tu d y  of cu taneous la rv a  
m ig rans B e a v e r  e t al. (1952) believe th a t v a rio u s  n em a to d e  la rv ae  b ehave  sim ilarly  b o th  in 
m an  an d  anim als.

More im p o rta n t p h en o m en a  of anim al a sc a rid  in fec tio n  in h u m an s involve th e  ty p e  called  
v iscera l la rv a  m igrans b y  B e a v e r  et al. (1952). B e a v e r  (1954), S m i t h  and B e a v e r  (1953) 
a n d  B e a v e r  (1956) su g g est th a t  th is  condition  m a y  ex is t m ore freq u e n tly  th a n  is com m only  
p resum ed , especially  in  ch ild ren . D e n t  et al. (1956) s ta te  th a t  th e  close association of young  
ch ild ren  w ith dogs a n d  c a ts  establishes an idea l se t o f  c ircu m stan ces under which in fec tive  
o v a  m ay  be ingested. T he in fec tive  eggs of N eoascaris vitu lorum  m ay  cause th e  sam e sy n d ro m e 
w hen  swallowed by  th e  fa rm ers living in close c o n ta c t  w ith  th e  fa rm  anim als, especially c a tt le s  
a n d  buffaloes.

The p resen t a u th o rs  have u n d e rta k e n  a fu n d a m e n ta l s tu d y  on th e  p ro g ­
ress of h is to p a th o lo g ica l changes in th e  la b o ra to ry  an im als ex p erim en ta lly  
in fec ted  w ith  N . v itu lorum .

M aterials a n d  M ethods

R ab b its , gu inea  pigs, ra ts  and ch ickens of 40, 75, 20 and  7-day-old- 
re spec tive ly , were used  in th is  work. F iv e  in d iv id u a ls  from  each species w ere 
ex p erim en ta lly  in fec ted  w ith  about 5000 in fec tive  eggs of Neoascaris vilulo- 
rum . One an im al o f each  group was s la u g h te re d  1, 2, 3, 7 and  10 weeks a f te r  
in fec tion . The m e th o d s  of ob tain ing  eggs, in fec tion  an d  processing tissues 
are  th e  sam e as d esc rib ed  b y  M o ssa la m  e t al. (1971 an d  1972).

1 Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974
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Liver
R esu lts

R a t:  L iver o f th e  in fected  ra ts  show ed some ly m p h o cy tic  in f iltra tio n  
a ro u n d  th e  bile d u c ts .

G uinea-p ig : T he la rv ae  w ere p re se n t am ong hepa tic  cells (F igs 1, 2). 
T hey  w ere a p p a re n tly  alive or d eg en e ra ted  and  su rrounded  b y  eosinophils,

Fig. 1. L arv ae  am ong h e p a tic  cells w ith o u t in flam m ato ry  reac tion  in liver o f gu inea  pig 
7 days a fte r in fec tion . H aem .-eos. X 1000

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974

Fig. 2. L a rv a  am ong h e p a tic  cells of gu inea  pig 21 days a fte r in fection . H aem .-eo s . X 400
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n eu tro p h ils , f ib ro b la s ts  and  cellu lar deb ris  3 w eeks a fte r  in fec tion . P a tch es  
o f v ariab le  size show ing co ag u la tiv e  necrosis of h ep a tic  cells an d  su b cap su la r 
haem orrhages w ere freq u en tly  seen. Few  eosinophils in f il tra te d  th e  in te rs titia l 
tissue an d  som e hepa tic  cells w ere d issoc ia ted . P o rta l t ra c ts  p resen ted  n u m e r­
ous eosinophils inside th e  congested  p o rta l veins th ick en ed  hyalin ized  w all of 
h ep a tic  a rte rio les , in filtra tio n  w ith  ly m p h o cy te s  and  eosinophils an d  prolifer-

Fig. 3. P a tch  o f g ra n u la r  eosinophilic an d  basoph ilic  debris in liver o f ra b b it  4 days a fte r
in fection . H aem .-eo s . X 200

atio n  of f ib ro b la s ts . The lum en  of som e bile d u c ts  co n ta in ed  eosinophilic 
granules. The m acroscopic p ic tu re  show ed n u m ero u s g ray ish  w h ite  foci 7 w eeks 
a fte r th e  in fec tio n .

R a b b it: L iv er exam ined  1 w eek a fte r  th e  in fec tion  ex h ib ited  sm all 
in te rs titia l p a tc h e s  of lym p h o cy tes  an d  f ib ro b la s ts . M ost of th e  bile duc ts  
w ere d ila ted , ex h ib ite d  th ick en ed  fib rosed  w all and  co n ta in ed  g ran u la r eosino­
philic debris inside th e ir  lum en  (F ig. 6). L iver exam ined  3 w eeks a fte r  th e  
in fection  was congested  and  p resen ted  large  a reas  o f co agu la tive  necrosis w ith  
th rom bosed  p o r ta l  veins. H ep a tic  sinuso ids co n ta in ed  fa irly  num erous sidéro ­
cy tes. Few  f ib r in  th re a d s  hanged  from  th e  h e p a tic  capsule. E xcessive  am o u n t 
o f hem osiderin  occupied  the  sinuso ids, cy to p lasm  of m acrophage an d  h ep a tic  
cells 7 weeks a f te r  th e  in fection . F a t ty  change o f th e  h ep a tic  cells an d  g ra n u ­
lom atous nod u les  w ere p resen t to g e th e r w ith  focal g ra n u la r  eosinophilic debris 
(F ig . 3). The m acroscopic p ic tu re  p re sen ted  w h ite  nodu les of 3— 7 m m  in 
d iam ete r 7 w eeks a fte r  th e  in fec tion .
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Chicken: L a rv ae  w ere p resen t am ong h ep a tic  cells 1 an d  3 w eeks a fte r  
th e  in fec tion . T hey  w ere su rro u n d ed  in som e areas w ith  fib ro b la s ts . I n te r ­
s ti t ia l  aggregations o f ly m p h o cy tes  alone, or to g e th e r w ith  eosinophils and  
foreign body  ty p e  g ian t cells w ere p resen t. T hese aggregations caused p ressu re  
a tro p h y  of th e  su rro u n d in g  h ep a tic  cells (F ig . 4). P a tch es  o f necro tic  h ep a tic  
cells, ly m phocy tes, h e te roph ils  and g ian t cells w ere freq u en tly  seen n e a r the

F ig. 4. G ran u lo m ato u s n o du le  causing pressu re  a tro p h y  of h e p a tic  cells in a  ch icken  7 days
a fte r in fection . H aem .-eo s . X 1000

p o rta l t r a c t  7 w eeks a fte r  th e  in fec tion . T he ep ith e lia l lin ing  of th e  bile duc ts  
w as d esq u am ated . T he wall of som e bile duc ts  w as th ick en ed  w ith  f ib ro u s 
tissue .

Lungs:

R a t: L arv ae  w ere p resen t in  p u lm o n a ry  tissue  1 w eek a fte r  th e  in fec tio n . 
T hese larvae  w ere su rro u n d ed  w ith  eosinophils, m acrophages an d  g ia n t cells 
w hich were fre q u e n tly  en cap su la ted  w ith  fib rous tissue in f il tra te d  w ith  eosino­
phils (Fig. 5).

G uinea-pig: L arv ae  were p resen t 2 and  3 weeks a fte r  th e  in fec tio n . 
T he in f la m m a to ry  reac tio n  a ro u n d  the  la rv ae  consisted  of fib rous tissu e  su r­
rounded  w ith  n u m ero u s eosinophils, few n eu tro p h ils  an d  som e m acrophages 
and  giant cells, b o th  of the  foreign bo d y  an d  th e  L a n g h a n ’s ty p e s  (F ig . 6). 
D iffuse in te rs t i t ia l  fib ro u s tissue  p ro life ra tio n  an d  eosinophilic in f iltra tio n
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Fig. 5. P a tch es of eosinophils, m acrophages an d  g iant cells o f fo reign  bod y  ty p e  in  lungs of ra t  
7 d ay s a fte r  in fection . H aem .-eos. X 400

w ith collapsed and em p h y sem ato u s pu lm onary  tissu e  w ere seen. N odules 
w ith necro tic  eosinpohilic c e n te r  su rrounded  by  m acro p h ag es, g ian t cells and  
eosinophils were fre q u e n tly  observed . P erib ronch ia l sm o o th  m uscles were 
h y p ertro p h ic , and th e  w all of som e arterioles w as th ick en ed , hyalin ized ,

Fig. 6. E osinophils, m acrophages a n d  g ian t cells bo th  of the  fo reign  b o d y  an d  L anghans types, 
lym p h o cy tes th e  lungs of gu inea pig 7 days after in fection . H a e m .-  eos. x40 0
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v a c u o la r  and in filtra te d  w ith  few~ eosinophils. T he v isceral p leu ra  showed 
focal th ickenings due to  f ib ro u s  tissu e  p ro lifera tion . T he e p ith e lia l lin ing of 
m o s t bronchioles was h y p e rp la s tic  an d  p a r tia lly  d e sq u am a ted , a n d  th e  lum en 
c o n ta in e d  m ucous e x u d a te . M acroscopically , th e  lungs p re se n te d  lobu lar 
p n eu m o n ia  1 week a f te r  th e  in fec tio n . M ost of th e  lobules w ere e ith e r  red or 
b ro w n .

F ig . 7. L arv a  and in te rs ti tia l  f ib ro u s tissue  p ro life ra tion  in lungs o f ra b b its  21 days a fte r
in fec tio n . H aem .-eo s . x 4 0 0

R ab b it: L a rv ae  w ere  p re se n t n e a r  th e  p leu ra  (F ig . 7) 3 w eeks a fte r th e  
in fec tion . Small h aem o rrh ag es an d  fib rous tissue p ro life ra tio n  w ere p resen t 
p a rtic u la r ly  u n d er th e  p leu ra . T he p u lm o n ary  b lood vessels w ere congested. 
A  perfo ra tion  in th e  p leu ra  w as rep re sen ted  w ith  th ic k e n e d  b o rd e rs  due to  
f ib ro u s  tissue p ro life ra tio n .

The m acroscopic p ic tu re  show ed fa irly  num erous p e tech ia l haem orrhages 
th ro u g h o u t the  p u lm o n a ry  tissue .

Chicken: The p u lm o n a ry  tissu e  show ed n ecro tic  p a tch es  su rrounded  
b y  m acrophages, f ib ro b la s ts  an d  g ian t cells. L ym phocy tic  in f il tra tio n s  appeared  
as nodules in the  in te rs t i t ia l  tissu e  or as aggregations in  th e  lam in a  of th e  
bronchioles (Fig. 8) w ith  d e sq u a m a te d  ep ithe lia l lin ing . P erib ro n ch ia l and  
p eriv ascu la r in f iltra tio n  w ith  eosinophils were p ro m in en t.

K idneys:

G uinea-pig: L a rv a e  w ere p resen t am ong cortica l ren a l tu b u le s  3 weeks 
a f te r  th e  infection  (F ig . 9). P a tc h e s  of lym phocy tes, p la sm a  cells, eosinophils
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Fig. 8. L y m phocy tic  in filtra tio n  in th e  lam in a  p ropria  of b ronchio les w ith  d e sq u am a ted  
ep ithelial lin ing  in  ch icken  49 d ay s a fte r  in fection . H aem .-eo s . x 2 0 0

an d  f ib ro b la s ts  w ere sc a tte re d  in  th e  co rtex  (F ig. 10) or u n d e r  th e  ep ithe lia l 
lin ing  o f  th e  renal pelv is (F ig . 11). Some of these  p a tch es  co n ta in ed  la rv ae . 
B o w m an ’s capsules of g lom eruli a d ja c e n t to  th e  in flam m ato ry  areas w ere th ic k ­
ened. H yaline  casts w ere p re sen t in side  th e  renal tu b u les  10 w eeks a fte r th e  in ­
fec tion . T he m acroscopic p ic tu re  show ed few w h itish  foci of 1— 2 m m  d iam ­
e te r  in th e  cortex  7 weeks a f te r  th e  infection.

Fig. 9. L a rv a  am ong ren a l tu b u le s  in  gu in ea  pig 21 days a fte r in fection . H a e m .-e o s . X400

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



214 ATALLAH et al.

F ig . 10. A ggregation of f ib ro b la s ts , eosinophils, ly m p h o cy tes  an d  p lasm a  cells in ren al cortex 
of gu in ea  p ig  49 days a fte r  in fec tion . H aem .-eo s x 2 0 0

R ab b it: Few w h ite  foci of ab o u t 2 m m  in d iam ete r w ere p resen t in the  
re n a l co rtex  7 w eeks a f te r  th e  in fection .

Chicken: P a tc h e s  o f  ly m p h o cy tes , eosinophils an d  f ib ro b la s ts  w ere seen 
m o stly  near th e  re n a l capsu le .

i i g .  11. L ym phocytic  in f il tra tio n  under th e  ep ith e lia l lining of re n a l pelvis in guinea pig 
14 days a fte r in fection . H aem .-eos. x 4 0 0

Acta \  eterinaria Academiae Scientiarum Hungaricae 24, 1974



VISCERAL LARVA MIGRANS OF N. VITULORUM 215

Fig. 12. E o sinoph ilie  g ra n u la r  necro tic  pa tches in m yocard ium  of guinea pig 49 days a f te r
in fection . H aem .-eos. X 200

M yocardium :

R a t: P a tc h e s  of ly m p h o cy tic  in filtra tio n  and  hyalin ized  m uscles w ere 
seen 7 and  10 w eeks a fte r  th e  infection . E p ica rd iu m  d isp layed  agg regations 
of ly m phocy tes.

G uinea-p ig : L arvae  w ere p resen t am ong th e  m uscle fib res 3 weeks a f te r

Fig. 13. Show ing A nitschkow  m yocy tes in wall of co ro n ary  arte rio les in  guinea pig 14 d ay s
a fte r infection . H aem .-eo s . X 1000
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th e  in fec tio n . These la rv a e  w ere d eg en e ra ted  and  su rro u n d ed  w ith  y o ung  
f ib ro b la s ts  an d  eosinophils. P a tch es  of h aem o rrh ag e, necrosis an d  eosinophils, 
f ib ro b la s ts  an d  g ian t cells w ere p re se n t am ong  m uscle fib res (F ig. 12) p a r t ic ­
u la r ly  in  th e  p ap illa ry  m uscles o f th e  le f t v en tric le . H istio cy tes  resem bling  to  
A n itsch k o w  m yocy tes (F ig . 13) w ere p ro m in e n t in  th e  Avail of co ro n ary  a r ­
te rio les . T he la t te r  were fre q u e n tly  su rro u n d e d  w ith  edem a, eosinophils and  
f ib ro b la s ts . F ib rinous th re a d s  p ro jec ted  from  th e  ep icard ium  7 w eeks a fte r  
th e  in fec tion .

F ig. 14. Show ing in filtra tio n  of h e te ro p h ils  an d  ly m p h o cy tes  am ong m uscle fib res o f m yo 
card ium  of ch icken  49 days a f te r  in fec tion . H aem .-eos. X 1000

C hicken: The m yocard ium  was in f i l t ra te d  w ith  h e te roph ils  and  ly m p h o ­
cy tes  1 an d  7 weeks a fte r  th e  in fec tio n  (F ig . 14). E p ica rd iu m  was ed em ato u s 
and  in f il tra te d  b y  th e  above m en tio n ed  cells. Nuclei of th e  card iac  m uscle 
cells w ere generally  sim ilar to  th e  A n itsch k o w  m yocytes p a r tic u la r ly  in  the  
Avail o f th e  left ven tric le .

B ra in :  No larv ae were found .

R a t:  M eninges w ere congested  an d  h aem orrhag ic  2 w eeks a fte r  th e  in ­
fec tio n . W h ite  m a tte r  of th e  cerebellum  p re sen ted  few h aem o rrh ag ic  p a tch es, 
a n d  th e  P u rk in je  cell lay e r w as ed em ato u s .

G uinea-pig: A reas of leukom alac ia  in  th e  cerebrum  a n d  cerebellum  were 
seen 1 ,2  an d  3 weeks a fte r  the in fection . T he P u rk in je  cell lay e r w as ed em atous. 
P ia  m a te r  w as focally in f il tra te d  w ith  ly m phocy tes (Fig. 15).
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Fig. 15. Foca l in filtra tio n  w ith  ly m p h o cy tes  in  p ia  m ate r of guinea pig 21 d ay s  a f te r  in fection ,
H a em .-eo s . X 200

Fig. 16. Show ing larvae  su rrounded  w ith  a th ic k  fibrous tissue capsule in su b m an d ib u la r 
ly m p h  node of ra t  49 days a f te r  infection . H aem .-eos. xlOOO
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R ab b it: A reas o f m alacia  in  th e  w hite  m a tte r  w ere p re se n t 3 weeks a fte r 
th e  infection .

Spleen: No larvae  w ere fo u n d .

R a t: M egakariocy tes were num erous 1 and  2 w eeks a fte r  th e  in fection . 
T he M alpighian corpuscles w ere h y p erp lastic  and p a tch es  of eosinophils w ere 
p re sen t. Few m eg ak ario cy tes  w ere seen 7 and  10 w eeks a fte r  th e  in fec tion .

G uinea-pig: A g grega tions of eosinophils w ere p re se n t 1 an d  7 weeks a fte r  
th e  infection .

R a b b it: Most M alp igh ian  corpuscles were d ep le ted  of lym phocy tes 1 week 
a fte r  th e  infection.

Chicken: Few  h e te ro p h ils  accu m u la ted  in th e  red  p u lp , and the  M al­
p ig h ian  corpuscles w ere h y p e rp la s tic  2 weeks a fte r  th e  in fection .

L ym p h  node:

R a t: L arvae w ere p resen t in th e  su b m an d ib u la r ly m p h  node 7 weeks 
a fte r  th e  infection. A th ic k  wall of fib rous tissue su rro u n d ed  th e  larvae  (F ig .16).

D iscussion

S p r e n t  (1954) d e m o n s tra te d  th a t  m ig ra tion  o f a sca rid  la rv ae  m ay follow 
th e  trach ea l ro u te , th e  som atic  one or b o th . T he p re se n t find ings support 
those  of B  arren  (1971) w ho d em o n stra ted  a som atic  m ig ra tio n  for Neoascaris 
vitu lorum  in mice. S im ila r resu lts  w ere rep o rted  also b y  S c h w a r t z  (1922) 
w ho found la rvae  of Neoascaris vitulorum  in the  liv er, lungs and k idneys o f 
gu inea  pigs w hich w ere fed  em b ry o n a ted  eggs.

The lesions cau sed  b y  th e  m ig ra tin g  la rv ae  w ere m o st ex tensive  in guinea 
p ig, m odera te  in  r a t  a n d  m ild  in  chicken and  ra b b it . T hese v a ria tio n s  of lesions 
m ay  be due to th e  n u m b e r  of la rv ae  in v ad in g  th e  tissu e  in  th e  various hosts, as 
it is know n th a t  b ra in  o f  m ouse is m ore suscep tib le  to  invasio n  w ith  larvae  of 
Toxocara canis th a n  th a t  of r a t  or guinea pig (S p r e n t , 1955). Such lesions 
m ay  also be a t tr ib u te d  to  allergic reac tio n s ( E r s h o v  a n d  N a u m i c h e v a , 1966), 
or pa thogenic  m icroorgan ism s carried  b y  th e  la rv ae .

The presence of la rv a e  was alm ost co nsisten t in th e  liver, lungs and k id ­
neys, rare  in m y o ca rd iu m  and  ly m p h  nodes, an d  w as n o t seen in brain  and 
spleen.

Lesions in v a rio u s organs were m an ifested  b y  g ra n u la r  eosinophilic and 
basophilic  necro tic  d eb ris  and  in flam m ato ry  cells, m ain ly  eosinophils, ly m p h o ­
cy tes, f ib rob lasts , m acrophages and  g ian t cells. T h is is in accordance w ith
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S p r e n t  (1958) who s ta ted  th a t  v isceral la rv a  m igrans cause m u ltip le  g ran u lo ­
m a fo rm ation  in  v a rious organs p a r tic u la r ly  in  the  liver an d  lungs.

M igration  of th e  larvae  in v a rious organs induced  lesions o f v a riab le  
significance. H ep a tic  lesions were ch a rac te rized  by  being m ild in ra t .  show ing 
d egenera tive  and  necro tic  changes in gu inea pig and  ra b b its ;  and b y  agg re­
gations of ly m p h o cy tes  in ch ickens. T h e  num erous eosinophils inside th e  
congested p o rta l vein  suggest eosinophilia  w hich was also observed  b y  S m it h  
and  B e a v e r  (1953) in a child in fected  w ith  eggs of Toxocara canis  and  M e r c e r  
et al. (1950) who rep o rted  a syndrom e of chronic eosinophilia  and  eosino­
philic in filtra tio n  of th e  liver, co n ta in in g  ascarid  larvae in  a child.

The p u lm o n a ry  lesion m an ifested  by  g ran u lo m ato u s  pneum on ia  was 
in line w ith  McCraw  and  La u t e n s l a g e r ’s observations (1971) who re p o rte d  
an  o u tb reak  of fo e ta l pneum onia  in calves n a tu ra lly  in fec ted  w ith  large n u m b er 
o f Ascaris suurn la rv ae  (D e w a e l e  et al., 1972). The absence o f haem orrhag ic  
areas from  p u lm o n ary  tissue m ay  in d ica te  th a t  larvae d id  n o t b reak  th ro u g h  
air-sacs as th e  d iam e te r o f la rv ae  is less th a n  0.02 m m  ( F ü l l e b o r n , 1925).  
This find ing  m ay su p p o rt th e  som atic  m ig ra tio n  d e m o n s tra te d  by W a r r e n  
(1971) in mice.

The presence of la rvae  am ong ren a l tu b u les  is also in d ica tiv e  of som atic  
m ig ra tion , such la rv ae  m ay cause a lb u m in u ria  as suggested  b y  th e  presence 
of hyaline casts inside th e  lum ina  of ren a l tubules.

The card iac  lesions were o u ts ta n d in g , b u t did no t reach  th e  degree of 
in te rfe rence  w ith  th e  card iac  fu n c tion , as no general ven o u s congestion  w as 
n o ticed . H ow ever, th e  fib rin  th re a d s  an d  lym phocy tes in  th e  ep icard ium  in ­
d ica te  th e  presence of pe rica rd itis  caused  b y  larvae  w hich p ierced  th e  ep ica r­
d ium . B e c r o f t  (1964) rep o rted  fa ta l  m y o card itis  in m ice due to  Toxocara  
canis.

The absence of ascaris la rv ae  in th e  b ra in  is usually  a t t r ib u te d  to  tra c h e a l 
m ig ra tion  (S p r e n t , 1952), b u t th e  p re se n t w ork as well as t h a t  of W a r r e n  
(1971) suggest som atic  m ig ra tio n . Y e t, th e  presence of haem o rrh ag ic  p a tch es 
in  m eninges an d  b ra in  suggests th a t  la rv ae  could have m ig ra te d  th ro u g h  th e  
b ra in .

The find ing  of la rv ae  inside th e  su b m an d ib u la r ly m p h  node shows th a t  
th e  la rv ae  could have  m ig ra ted  th ro u g h  ly m p h a tic s . This is in  accordance w ith  
M a t o f f  (1949) w ho found ascarid  la rv ae  in  m esenteric ly m p h  nodes, and  co n ­
cluded  larval m ig ra tion  th ro u g h  th e  th o rac ic  duct. L ym ph  nodes m ay seem  
to  reac t w ith  excessive fib rous tissue  p ro d u c tio n  as suggested  by  th e  th ic k  
fib rous tissue capsule a round  th e  la rv a .

E g y p tian  fa rm ers are usually  in c o n ta c t w ith  the  feces o f ca ttle  in th e  
form  of fertilizer or fuel. This m ay  c o n ta m in a te  th e ir  food an d  expose th em  to  
in fection  w ith  Neoascaris vitulorum . A n o th e r source of in fec tio n  m ay be th e  
consum ption  of unbo iled  m ilk  from  in fec ted  an im als. W a r r e n  (1971) concluded
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th a t  calves acqu ire  in fec tio n  from  th e ir  dam s th ro u g h  m ilk . C onsum ption of 
such  unboiled m ilk b y  m an  m ay expose h im  to  rep ea ted  in fec tion  w ith  la rv ae  
o f Neoascaris vitu lorum . W h e th e r such re p e a te d  in fection  m ay  occur and  cause 
cirrhosis and asc ites, n eed s fu r th e r  in v es tig a tio n .
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Summary

L ab o ra to ry  an im als  a n d  chickens were e x p erim en ta lly  in fec ted  w ith  em b ryonated  eggs 
o f Neoascaris vitulorum .

L arvae of th is  p a ra s i te  were p resen t in  th e  liver, lungs, h e a r t ,  k idneys and  ly m p h  
nodes. Lesions w ere m a in ly  g ran u lo m ato u s a n d  m ore severe in  gu in ea  pigs. The a u th o rs  
suggest th a t  larvae  of N eoascaris vitulorum  m ay  cause  visceral la rv a  m ig ran s in hum an.
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Introduction

E lec tro n  m icroscopy of Coccidia is a r a th e r  y o ung  b ran ch  of p ro tozoo- 
logical research . T h e  f irs t in v estig a tio n s w ere ca rried  ou t less th a n  20 y e a rs  
ago. W ith  th e  im p ro v em en t of fix a tio n  an d  em b ed d in g  m ethods for e lec tro n  
iniscroscopy, th e  q u a lity  of these  in v es tig a tio n s  an d  resu lts  increased co n sid e r­
ab ly . U ltra s tru c tu ra l  app roaches w ere of special im p o rtan ce  for th is  g roup  of 
Protozoa, because th e ir  sm all size m akes th e m  a poor su b jec t for lig h t m icros­
copy. A fter th o se  new  techn iques w ere ap p lied , num ero u s and  often  su rp ris in g  
resu lts  w ere o b ta in e d  in a sh o rt tim e . T h erefo re , th e  tax o n o m y  of th e  su b ­
phy lum  A picom plexa  ( =  Sporozoa P iro p lasm id s) has been rev ised  a n d  is 
no longer b ased  on developm enta l c h a ra c te ris tic s , b u t  on u ltra s tru c tu ra l  
crite ria .

O ur re sea rch  te a m  a t  B onn has been  in v o lved  in  u ltra s tru c tu ra l i n ­
v estiga tions on A picom plexa  (G regarinia, Coccidia, Haemosporidia, P iroplas- 
m ida)  for m ore th a n  15 years. A review  o v er th e  la s t 12 years will be g iven  
herein .

T his re p o rt  is based  on and is m ade possible th ro u g h  th e  co llabora tion  and coo p era tio n  
of th e  following in v es tig a to rs  and d e p artm en ts : B. C h o b o t a r , A. J . D e v o s , J . Y .  E r n s t , D .  M. 
H a m m o n d  (D e p a rtm e n t o f Zoology, U ta h  S ta te  U n iv e rs ity , L ogan , U tah , USA), M. L. M i n e r  
(D ep artm en t of V e te r in a ry  Science, U ta h  S ta te  U n iv e rs ity , Logan, U ta h , USA), R. G. S t r o u t  
(D ep artm en t of A n im al Sciences, U n iversity  of New H am p sh ire , D u rh am , New H am p sh ire , 
USA), J . S e n a u d  (L ab o ra to ire  C .N .R .S. “ Biologie des p ro tis te s” , U niversité  de C lerm ont- 
F e rran d , A ubière, F ra n c e), L. P e l l é r d y  (R esearch  In s t i tu te  o f V e terin ary  Science, H u n g a rian  
A cadem y of Sciences, B u d ap es t, H u ngary ), О. К е р к а  (Zoologisches In s t i tu t ,  U n iv ersitä t G raz, 
A ustria .), G. P i E K A R S K i  ( In s t i tu t  fü r M edizinische P arasito lo g ie , U n iv e rsitä t B onn, B R D ), 
K . F r i e d h o f f ,  G. W e b e r  ( In s t i tu t  fü r P a rasito log ie , T ie rärz tlich e  H ochschule H an n o v er, 
B R D ), R . G ö n n e r t , A. H a b e r k o r n  ( In s t i tu t  fü r  P arasito lo g ie , F arb en fab rik en  B ay er A G ., 
W u p perta l, B R D ), D .  S p i e k e r  (Forschungsstelle  fü r  Ja g d k u n d e  u n d  W ild sch ad en v erh ü tu n g , 
F o rs th a u s  H a rd t, B onn-N iederho lto rf, B R D ), G .  H e l l e r , H .  M e h l h o r n ,  A. R o m ­
m e l , D .  S c h ä f e r , E .  S c h u l t e ,  W .-H . V o i g t , B. V o l k m a n n  (A bteilung für Protozoologie,

* M it U n te rs tü tz u n g  der D eutschen  F o rsch u ngsgem einschaft und  der S tu d ie n ­
stiftu n g  des D eu tsch en  Volkes.

H errn  Professor D r. M. Steiner  (B onn) zur V o llendung  seines 70. Lebensjahres am  29. 
April 1974 gew idm et.
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Zoologisches In s t i tu t ,  U n iv e rs itä t B onn, B R D ). W e th an k fu lly  acknow ledge th e ir  p a r tic i­
p a tio n  in  these in v estig a tio n s.

F u rth e rm o re , we w ould  like to  acknow ledge Mrs. E . K irberg , Mrs. I. Schrauf an d  
Mrs. B . H ilgers for th e ir  m o st useful a ssis tan ce  an d  help.

Fine structure o f  deveplom ental stages

O riginally , a m a jo r  p a r t of o u r in v es tig a tio n s  w as concerned  w ith  th e  
u l tr a s tru c tu re  of d iffe ren t coccidian d ev e lo p m en ta l stages. T he re su lts  of th e se  
o b se rv a tio n s  were su b seq u en tly  used as a basis for fu rth e r  in v es tig a tio n s  in 
tra n s fo rm a tio n  of d iffe ren t stages, in  d ev e lo p m en ta l processes, in  c y to ch em is try  
a n d  in  o th e r problem s. F u rth e rm o re , u l tr a s tru c tu ra l  research  on v a rio u s  species 
a llow ed  and  led to  genera lizations a n d  conclusions im p o rta n t n o t o n ly  fo r all 
coccid ia  and  th e ir  tax o n o m ic  su bgroups, b u t  also for re la ted  sporozoan  groups.

A n exam ple o f th e se  co m p ara tiv e  in v es tig a tio n s  is th e  re sea rch  on m ero- 
zo ite s  of E im eria  perforons  and  E . stiedai and  on in trace llu la r tro p h o zo ite s  
(m erozo ites) of Toxoplasm a gondii (S choltyseck  and P i e k a r s k i , 1965).  
U ltra s tru c tu ra l  fea tu re s  com m on in m erozo ites of b o th  E im eria  species are 
th e  pellicle consisting  o f an ou ter u n it  m em b ran e  w ith  an u n d erly in g  com plex  
of 2 in n er u n it m em branes, a n te rio r  an d  po ste rio r c ircu lar openings in  th e  
in n e r  m em brane com plex , and  a cono id  located  in th e  a n te rio r  opening . 
F u r th e r  ch a rac te ris tic  organelles a re  subpe llicu la r m icro tubu les, p a ire d  o r­
ganelles (rhop tries) a n d  m icronem es in  connection  w ith  th e  conoid. A Golgi- 
a p p a ra tu s  is u sua lly  lo ca ted  a t th e  a n te r io r  perip h ery  of th e  nucleus.

A com parison  w ith  in trace llu la r  s tages of T. gondii show ed th e  sam e 
s tru c tu re  and  a rra n g e m en t of organelles as in Eim eria  m erozoites, w ith  only 
q u a n ti ta t iv e  d ifferences (Sc h o lt yse ck  an d  P ie k a r s k i , 1965). W e th e n  
su g g ested  th e  inc lusion  of T. gond ii in to  th e  coccidia, based  on th e  h igh 
s im ila r ity  of th ese  re su lts .

O th er s tud ies d e a lt w ith  th e  u l tr a s tru c tu re  of m erozoites of o th e r  species 
a n d  genera. W hile in v estig a tio n s on E . fa lc ifo rm is  (P e l l é r d y  e t a l., 1971) 
a n d  E . tenella (Sc h o lt yse ck  and  Me h l h o r n , 1970; Strout  and  S c h o l t y s e c k , 
1970) confirm ed earlie r findings on th e  general u ltra s tru c tu re  o f e im erian  
m erozo ites, m erozo ites of Aggregata eberthi ( E im eriorina , Aggregatidae)  
( H e l l e r , 1970) an d  Babesia  spp . ( A p icom plexa , class P irop lasm ida)  show ed 
d is tin c t d ifferences ( F r ie d h o f f  a n d  S ch o lt yse ck , 1968, 1969, 1972).

M erozoites of eim erian  species h a v e  22, 24 or 26 su b p e llicu la r m icro ­
tu b u le s  (depending  on th e  species) (S choltyseck  and  Me h l h o r n , 1970), 
w h ereas  abou t 60 m icro tubu les are  fo u n d  in A . eberthi (H e l l e r , 1969) and  32 
a re  found  in Babesia bigemina  ( F r i e d h o f f  and  S ch o ltyseck , 1969). A t the  
ap ica l pole, th e  inner m em branes leave  an  opening for the  conoid in  E im eria  
a n d  Aggregata sp p .; a conoid is n o t  p re se n t in Babesia spp . (S c h o lt y se c k
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e t a l., 1970) and in  H aem osporina. In  species of th e  genus E im eria , o ften  2 
rh o p tr ie s  (paired  organelles) and  m a n y  m icronem es a re  loca ted  in close p ro x ­
im ity  to  th e  conoid, w hereas A . eberthi shows m ore th a n  2 rh o p trie s . In  Babesia  
species, 2 — 3 rh o p trie s  an d  m an y  m icronem es are  lo ca ted  a t  th e  s ite  o f th e  
a n te r io r  opening of th e  inner m em b ran e  com plex (S c h o l t y s e c k  and  M e h l - 
h o r n , 1970).

R ecen tly , co m p ara tiv e  in v es tig a tio n s  on cy st-s tag e  m erozoites o f Sarco- 
cystis tenella , Besnoitia  je lliso n i, F renkelia  sp. and  T . gond ii (M e h l h o r n  and  
S c h o l t y s e c k , 1973; M ü l l e r  et al., 1973c; S c h o l t y s e c k  e t a l., 1970) confirm ed 
the estab lish m en t of a close re la tio n sh ip  betw een th ese  genera and  th e ir  in ­
clusion in to  the  su b o rd er E im eriorina . Like m erozoites o f o th e r E im eria  spe­
cies, th e y  have th e  ty p ic a l 3 -layered  pellicle w ith  a conoid in th e  a n te r io r  pole 
and  22 subpellicu lar m icro tubu les. M ore th a n  2 rh o p trie s  are u sua lly  p resen t. 
E n d o d y o g en y  as th e  exclusive w ay  o f m u ltip lica tio n  is com m on in all 4 genera 
( К е р к а  and  S c h o l t y s e c k , 1970a, b). E x c e p t in F renkelia  sp ., the  cy st has been 
show n e ith e r  to  have developed  from  a p arasitized  h o st cell or to  be a p a ra s itiz ed  
h o st cell (in Besnoitia je llison i)  (M ü l l e r  et al., 1973d).

Y e t an o th er in te re s tin g  aspect o f  th e  in v estig a tio n s on these  4 genera is 
th e  fu n c tio n a l m orphology  of th e  in fec tive  stages. In  th e  dev e lo p m en ta l 
sequence of m e tro cy te  — in te rm e d ia te  cell — m erozoite  inside th e  c y s t,th e  
conoid  becom es longer an d  its  d ia m e te r  decreases, becom ing  m ore an d  m ore 
a ta p e re d  (“ p in -p o in ted ” ) p e n e tra tio n  organelle. In  ad d itio n  to  th is  shape 
change of th e  conoid, w hich can be seen in S. tenella an d  Frenkelia  sp ., th e  
n u m b e r o f rhop tries an d  m icronem es also increases in th e  above m en tio n ed  
d ev e lo p m en ta l sequence (M ü l l e r  et a l., 1973c). Species-specific u ltra s tru c tu ra l 
ch a rac te ris tic s  were fo u n d  for all 4 p a ra s ite s .

N o t y e t u n d ersto o d  is th e  role of th e  m ic ro tu b u les  in th e  m o tility  of 
m erozo ites. A lthough  th e  loss of m o tility  in schizonts an d  gam on ts coincides 
w ith  th e  d isappearance  of m icro tu b u les  on electron m icrographs of these  stages, 
only  h in ts  for th e  possible fu nc tion  o f m icro tubu les can be given. One of these  
h in ts  is th e  d islocation  o f su b p e llicu la r m icro tubu les observed  in m erozoites 
of E . fa lc ifo rm is , w here th e y  lose th e  connection  to  th e  pellicle and  ex ten d  
across th e  inner cy to p lasm  in b en d in g  (flexing) m erozo ites (S c h o l t y s e c k  
et a l., 1972a, b).

O f sim ilar in te re s t were co m p ara tiv e  stud ies on m acro g am o n ts  of d if­
fe ren t e im erian  species (M e h l h o r n , 1 9 7 2 a ,b ; S c h o l t y s e c k , 1962; S c h o l t y s e c k  
e t al., 1969; S c h o l t y s e c k  and  H a m m o n d , 1970; S c h o l t y s e c k  e t a l., 1966; 
S c h o l t y s e c k  et al., 1971a; S c h o l t y s e c k  et al., 1971b; S c h o l t y s e c k  and  
S p i e k e r , 1964), of K lossia  helicina (A deleorina)  (S c h u l t e , 1971b; V o l k - 
m a n n , 1967) and of A . eberthi ( H e l l e r , 1969). A fte r th e  tra n sfo rm a tio n  of 
m erozoites in to  u sua lly  im m otile  m acro g am o n ts , subpe llicu la r m icro tu b u les  
a re  lo s t an d  th e  a m o u n t of reserve po lysaccharide  decreases, a t  least in  E .
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perforans  (Sc h o l t y s e c k , 1964; Sc h o l t y s e c k  e t a l., 1971a). In  m acrogam onts 
o f  all species, th e  ty p ic a l  sporozoan  pellicle consists o f an o u te r  u n it m em brane 
a n d  a com plex of 2 in n e r  u n it  m em branes. In  th e  process of m a tu ra tio n , i.e. 
d u rin g  th e  d ev e lo p m en t in to  m acrogam etes, several u ltra s tru c tu ra l  changes 
occu r. In  m ost e im erian  species, th e  3 u n it  m em branes of th e  pellicle are  re ­
duced  to  e ither 2 o u te r  m em branes w ith  u n d erly in g  osm iophilic  m ateria l
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—  in  E . bovis (S c h o l t y s e c k  and  H a m m o n d , 1970; S c h o l t y s e c k  et al., 1966) 
and  E . m axim a  (M e h l h o r n , 1972; S c h o l t y s e c k  et a l., 1 9 7 1 a)— , or to  one 
o u te r  u n it m em b ran e  w ith  u n d erly in g  osm iophilic  p laques —  in  E . tenella  
(S c h o l t y s e c k  e t al. 1969a), E . stiedai (Sc h o l t y s e c k  e t a l., 1966), E. perforons  
(S c h o l t y s e c k , 1962; S c h o l t y s e c k  e t al., 1966), a n d  E . fa lc ifo rm is  (S c h o l - 
t y s e c k  e t al., 1971a; S c h o l t y s e c k  et al., 1971b) — , or to  a m iddle m em b ran e  
w ith  over- and  u n d e rly in g  osm iophilic  m ateria l — in  E . auburnensis  (S c h o l ­
t y s e c k  et al., 1966). In  all cases, th e  osm iophilic m a te ria l is in te rp re ted  as a  
re lic t of th e  o th e r u n it  m em branes. The change in pellicle u ltra s tru c tu re  seem s 
to  occur a t d iffe ren t g row th  stages in  d ifferen t species. In  A . eberthi ( H e l l e r , 
1969) and  in K . helicina  (Sc h u l t e , 1971b; V o l k m a n n , 1967), th is  degenera tion  
of th e  pellicle does n o t occur.

All e im erian  species show 2 d iffe ren t k inds of w all-fo rm ing  bodies (called 
W E B ), w hich develop  su b seq u en tly  d u ring  th e  m a tu ra tio n  process (S cholty  - 
s e c k  e t al., 1971b; S cholty ' s e c k  an d  St r o u t , 1968). T he ty p e  b u ilt f irs t lies 
in a vacuole w hich is derived  from  th e  G o lg i-ap p ara tu s  an d  is of a spongeous 
s tru c tu re . As these  w all-form ing  bodies give rise to  th e  in n e r p a r t  of th e  oocyst 
wall, th e y  are called  W F B  I I .  O ccasionally , 2 or m ore  W F B  I I  are loca ted  
inside one vacuo le . D u rin g  th e  course of m a tu ra tio n , hom ogeneous electron- 
dense, m em b ran e-b o u n d  vesicles, called W FB  I, develop  ou t o f sm aller vesicles 
and  assum e a p e rip h e ra l position  betw een  th e  pellicle an d  th e  W FB  I I . A fte r 
fe rtiliza tio n , the  W F B  I  flow to g e th e r and  form  th e  o u te r  lay e r of the  oocyst 
w all (S c h o l t y s e c k  e t al., 1969a, b).

O nly one ty p e  o f w all-form ing bodies is p resen t in  A . eberthi ( H e l l e r , 
1969). As no special oocyst w all is fo rm ed  in  th is  species, th e  w all-form ing 
bodies, w hich resem ble  th e  W F B  I - ty p e  of E im eria  sp p ., give rise to  th e  
spore w all. In  K . helicina  (S c h u l t e , 1971b; V o l k m a n n , 1967), organelles re ­
sem bling  th e  W F B  I I  o f th e  eim erian  ty p e  have been fo u n d , b u t th e ir  p a r t ic ­
ip a tio n  in th e  fo rm atio n  of oocyst or spore w alls has n o t been shown.

Fig. 1. A d iag ram m atic  re p re sen ta tio n  of endodyogeny. a) M erozoite p rio r to  division, b ) 
F o rm a tio n  of an in tra n u c le a r  spindle a p p a ra tu s  a t  th e  an te rio r pole o f th e  nucleus. The Golgi- 
a p p a ra tu s  and  th e  G o lg i-ad ju n ct are d iv id ing , th e  an lagen  of th e  tw o developing d au g h te r  
cells, w ith  conoids a n d  cen trio les, becom e visible. The in n er m em b ran e  com plex is form ed de 
novo, c) D evelopm en t o f d a u g h te r  cells con tinues. U -shape of th e  nucleus, w ith  one pro trusion  
in to  each  of th e  tw o d a u g h te r  cell anlagen. d) N uclear division com ple ted . A t th e  an te rio r pole, 
th e  o u te r  pellicu lar m em b ran e  begins to  in v ag in a te , leading to  th e  sep a ra tio n  of th e  d au g h te r  
cells, e) Progressing  se p a ra tio n . The o u ter pellicu lar m em brane an d , especially  in  th e  posterio r 
p a r t,  th e  in n er m em brane  com plex  of th e  m o th er cell have been ta k e n  over by  th e  two develop­
ing d a u g h te r  cells.

A b b rev atio n s: C, cono id ; CE, cen trio le ; DV, dark-w alled  vesicle (G o lg i-ad junct); GO, 
G o lg i-ap p ara tu s; IM , in n e r  pellicu lar m em brane; M I, m ito ch o n d rio n ; MM, m iddle pellicular 
m em b ran e ; MN, m icroneines; N , nucleus; N F , in tran u c lea r spindle f ib rils ; N U , nucleolus; OM, 
o u ter pellicu lar m em b ran e ; P , po lar ring ; PC, posterio r cone; PM , pellicle (inner m em brane 
com plex) o f th e  develop ing  d a u g h te r  cell an lagen ; P P , po ste rio r p o lar ring ; RO, rho p trie s
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A t th e  surface of m acro g am o n ts  o f all species, special p e rip h e ra l s tru c tu res  
e x te n d  in to  the  p a ra s ito p h o ro u s  v acu o le  su rround ing  th e  p a ra s ite  (S c h o l - 
t y s e CK e t al., 1971b). T h e ir form  and  fu n c tio n  will he considered  in  th e  ch ap te r 
on h o s t-p a ra s ite  re la tio n sh ip .

Developm ental processes

T his ch ap te r will be d iv ided  in tw o  p a rts . The f irs t, dealing  w ith  asexual 
d ev e lo p m en t, will consider schizogony (m erogony) and sporogony ; th e  second 
p a r t  —  sexual deve lopm en t — will dea l w ith  gam ogony.

Ia . Schizogony (m erogony)

A fter hav ing  in v ad ed  a h o st cell, sporozoites of all Eucoccidiorida (Schi- 
zococcidia  Grell) undergo  a g row th  ph ase  w hich te rm in a te s  in  th e  developm ent 
o f tw o  to  several th o u sa n d  m erozo ites from  a single sch izon t or from  schizont 
su b u n its . These m erozo ites u su a lly  in v ad e  new host cells, w here schizogony is 
re p e a te d . A fter a species-specific n u m b e r of m erogonies (schizogonies), m ero­
zo ite s  develop in to  sex u a l form s. T h is process will be considered  la te r.

In  b o th  E. perforons  and  E . stiedai, schizogony follow s a sim ilar p a tte rn  
( H e l l e r  and  Sc h o l t y s e c k , 1971; S c h o l t y s e c k , 1965a, b). N uclear divisions 
o ccu r in  the  grow ing sch izon t, u n til  a b o u t 50 nuclei are  even ly  d is trib u ted  
th ro u g h o u t th e  cy to p lasm . T hen , each  single nucleus w ith  th e  su rround ing  
cy to p la sm  is sep a ra ted  from  th e  p lasm od ium  by f la t , m em b ran e-b o u n d  cis- 
te rn a e . I t  has no t y e t been  d e te rm in ed  w h e th e r these  c is te rn ae  o rig ina te  from 
th e  endoplasm ic re ticu lu m  (p ro b ab ly  w ith  some p a r tic ip a tio n  of th e  Golgi- 
a p p a ra tu s )  or w h e th e r th e y  re p re se n t cross-sections of deep pellicu lar in­
v ag in a tio n s . A t th e  m o m en t, a co m b in a tio n  of b o th  processes seem s to  be m ost 
lik e ly . F inally , each nucleus plus th e  su rround ing  cy to p lasm  develop in to  a 
m erozo ite , w ith  th e  in n e r m em b ran e  com plex being fo rm ed  de novo and  th e  
o u te r  pellicu lar m em b ran e  being  derived  from  th e  o u te r  m em b ran e  and /o r 
endop lasm ic  m em branes of th e  sch izon t.

A dditional in fo rm atio n  on th e  early  developm en ta l processes is availab le 
from  investiga tions on E . fa lc ifo rm is  ( P e l l é r d y  e t a l., 1971), E . conforta 
(M ü l l e r  et al., 1973b), E . canadensis  (M ü l l e r  et al., 1973a), and  E. tenella 
(S t r o u t  and Sc h o l t y s e c k , 1970). In  all these species, th e  sporozo ite  firs t loses 
i ts  shape and rounds u p  in to  a u n in u c lea te  schizont (tro p h o zo ite ). Second, the  
in n e r  m em brane com plex  b reak s  dow n, while nuclear d iv isions tak e  place. 
In  E . canadensis (M ü l l e r  et a l., 1973a), n uclear d iv isions som etim es occur 
b efo re  th e  sporozoite ro u n d s up . T h is leads to  the  fo rm a tio n  of a sporozo ite­
sh ap ed  schizont. In  th e  so-called sm all schizonts of E . stiedai ( H e l l e r , 1971),
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nuclear d iv isions an d  th e  developm ent of new  m erozoites occur in m erozo ites 
of th e  prev ious gen era tio n , w hich are  th e n  called  m erozoite-shaped  sch izon ts.

E . canadensis  differs from  th e  o th e r species m en tioned  in reg ard  to  th e  
fo rm atio n  of m erozo ites (M u l l e r  e t ah , 1973a). H ere, several th o u sa n d  m ero ­
zoites are fo rm ed  only  a t th e  surface —  n o t th ro u g h o u t th e  cy top lasm  —  of 
several sch izon t su b u n its . This m eans th a t  th e  fo rm atio n  of m erozoites is m ore 
like a grow ing process a t th e  surface th a n  like an  in v ag in a tio n  of th e  o u te r  
m em brane a ro u n d  th e  in te rio rly  develop ing  m erozoite  as in o th e r species.

In  our in v es tig a tio n s  on Frenkelia  sp ., we found  th a t  th is  species in  its  
cyst stage  m u ltip lie s  by m eans of en dodyogeny  ( К е р к а  and  S c h o l t y s e c k , 
1970a; К е р к а  a n d  S c h o l t y s e c k , 1970b). T his process, know n from  Toxo­
plasma., B esno itia , an d  Sarcocystis, s ta r ts  o u t from  a u n inuc lea te  m erozo ite  
(or m etro cy te , or in te rm ed ia te  cell) (M ü l l e r  e t a l., 1973a, b , c). S h o rtly  befo re  
nuclear d iv ision  se ts  in, 2 pairs of cen trio les can  be seen a t one pole of th e  
nucleus. T hen , an  in tran u c lea r  sp indle a p p a ra tu s  is form ed, th e  G olgi-appa- 
ra tu s  and  th e  Golgi ad ju n c t (dark-w alled  vesicle) div ide, and  th e  inner m em ­
brane  com plex an d  th e  conoids of 2 d a u g h te r  cells are  form ed in  close connection  
to  th e  cen trio les an d  th e  d iv id ing  nucleus ( К е р к а  and  S c h o l t y s e c k , 1970b; 
Fig. 1). The d a u g h te r  cells grow and develop in side  th e  m o th er cell, u n til th e y  
fin a lly  tak e  over th e  o u te r pellicu lar m em b ran e  o f th e  m etro cy te  an d  becom e 
free. An ev en t, s im ila r to  endodyogeny, was found  in E . stiedai ( H e l l e r , 1971) 
and , recen tly , in  E . tenella. H ere, th e  la s t n u c lea r  division du ring  m erogony  
can be in te rp re te d  as an endodyogeny. T he conclusion of these  stud ies is t h a t  
endodyogeny m ay  be considered as p rim a ry  agam ic  rep ro d u c tio n  (S c h o l t y ­
s e c k , 1973). A d d itio n a l de tailed  in fo rm atio n  on th e  role of th e  cen trio les an d  
the  n uclear sp ind le  a p p a ra tu s  was o b ta in ed  fo r E . fa lc ifo rm is  and  E . m axim a  
(M e h l h o h n  et a l., 1973).

Ib. Sporogony

In v e s tig a tio n s  on th e  fo rm ation  of sporozo ites are  h indered  to  a r a th e r  
large e x te n t by  th e  b a rrie rs  to  f ix a tio n  m edia b u ilt  up b y  th e  oocyst and  sporo- 
cyst m em branes. O ccasional find ings in  Aggregata eberthi ( H e l l e r , 1969) and 
K lossia helicina  (Vo l k m a n n , 1967) gave som e in fo rm a tio n  on th e  u ltra s tru c tu re  
of spores, b u t a re  n o t  considered su ffic ien t fo r an y  s ta te m e n t on th e  develop­
m en ta l processes invo lved .

I I .  Gamogony

As th e  m a tu ra tio n  process of m acro g am etes  w as a lread y  m entioned  in  
th e  ch ap te r on u ltra s tru c tu re  of develo p m en ta l s tages, th is  section will deal 
only w ith  th e  d ev e lo p m en t of m icrogam etes, i.e . w ith  m icrogam etogenesis.
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O ur in v estig a tio n s have  been ca rried  o u t on E . auburnensis ( H a m m o n d  
e t a l., 1969; H a m m o n d  e t al., 1969), E . bovis ( H a m m o n d  e t al., 1967a), E .fa lc i-  
fo rm is  (S c h o l t y s e c k  e t a l., 1973), E . m a x im a  (M e h l h o r n , 1972a), E. perforons  
( H a m m o n d  e t al., 1967b; S c h o l t y s e c k , 1965), E . stiedai ( H a m m o n d  e t  al., 
1967a, b ), an d  on A . eberthi ( H e l l e r , 1970a). In  ail cases, m icrogam onts undergo  
n u m ero u s n uc lear d iv isions which closely  resem ble those  described  fo r m er- 
ogony (schizogony). H ow ever, th e  re su ltin g  nuclei are  n o t d is tr ib u te d  even ly  
as in  sch izon ts, b u t fo rm  a line a d ja c e n t to  th e  in icro g am o n t’s su rface (S c h o l - 
t y s e c k  e t al., 1972). T h is surface, w h ich  p rev iously  u n d erw en t a re d u c tio n  
of th e  in n er m em brane  com plex, show s m a n y  m icropores, w ith  th e  ex cep tio n  
of E . stiedai ( H a m m o n d  e t al., 1967a). In  E . auburnensis  ( H a m m o n d  e t al., 
1969; H a m m o n d  e t a l., 1967b), th e  su rface  is increased  considerab ly  b y  deep 
pellicu la r infold ings an d  fissures. A s im ila r process in  E . m axim a  (M e h l h o r n  
1972; S c h o l t y s e c k , 1963a) and  A . eberthi ( H e l l e r , 1970a) resu lts  in th e  fo rm a ­
tio n  o f several b las to p h o res  (g a in o n t-su b u n its ) , th u s  increasing  th e  surface 
a rea  an d  th e  n u m b er of in icrogam etes fo rm ed  to  several th o u san d s . In  m ost 
species in v estig a ted , th is  firs t (g row th) p h ase  is com pleted  before th e  second 
(d iffe ren tia tio n ) p h ase  s ta r ts  s im u ltan eo u sly  for all gam etes. O nly in  E . fa lc i-  
form is  w as a successive developm ent o f m icrogam etes observed  (S c h o l t y s e c k  
e t a l., 1973).

T he d iffe ren tia tio n  process beg ins w ith  th e  ap p earan ce  of 2 cen trio les 
an d  a m itoch o n d rio n  a d jacen t to  each  nuc leu s. T hen , th e  surface im m e d ia te ly  
above  each  nucleus p ro tru d e s  and  g ra d u a lly  e levates, in co rp o ra tin g  th e  cen­
tr io le s  plus develop ing  flagella, th e  n u c leu s  and  the  m itochondrion . D uring  
th is  process, the n u c leus undergoes an  in te re s tin g  d iffe ren tia tio n  process. Most 
o f th e  karyop lasm  condenses in th e  a rea  n e x t to  th e  cen trio les, w hile th e  n u ­
cleus becom es slender an d  cy lindrical. W hile  in E . perforons  (S c h o l t y s e c k , 
1965a) and  in A . eberthi ( H e l l e r , 1970a) th e  w hole nucleus becom es in c o rp o ra te d  
in to  th e  developing  gam ete , only th e  d a rk , condensed area is in co rp o ra ted  in 
E . auburnensis  ( H a m m o n d  et al., 1969), E . fa lc iform is  (S c h o l t y s e c k  e t a l., 
1973) and  E. m axim a  (M e h l h o r n , 1972b). No in fo rm ation  on th is  p ro b lem  is 
av a ilab le  for E . bovis an d  E . stiedai. T h erefo re , a residual p a r t  o f th e  nucleus 
is form ed in  th e  above  m entioned  species, w hich is connected  to  th e  m ain  
p a r t  w ith in  th e  m icrogam ete th ro u g h  a n arro w  sta lk . A c ircu la r osm iophilic  
la y e r  su p p o rtin g  th e  s ta lk  is p resen t in  all species (S c h o l t y s e c k  e t  a l., 1972). 
F in a lly , a fte r th e  m itochondrion  has been  in co rp o ra ted  in to  th e  g am ete  and  
h as  assum ed a positio n  in  nuclear g roove, th e  gam ete becom es free an d  s tre tch es  
in to  its  fina l, s lig h tly  curved shape . W hile all eim erian  m icrogam etes were 
fo u n d  to  be b o u n d ed  b y  a single u n it  m em brane , th ree  m em branes w ere re ­
p o rte d  for A . eberthi ( H e l l e r , 1970a).

O f special in te re s t  is the  n u m b e r o f flagellae  in  these m icrogam etes. W hile 
3 flagellae  have been  found only  occasionally  in  E . auburnensis  ( H a m m o n d
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et al., 1969), th is  n u m b er occurs reg u la rly  in E . fa lc ifo rm is  (S c h o l t y s e c k  
e t a l., 1973), E . m axim a  (M e h l h o r n , 1972b), E .perforons  (S c h o l t y s e c k , 1965a), 
and  A . eberthi ( H e l l e r , 1970a). T wo of th e  flagellae , w hich all o rig ina te  in  basa l 
bodies, a re  com pletely  free, while th e  th ird  one is a tta c h e d  for a sh o rt d is tan ce  
to  th e  m ain  body of th e  m icrogam ete. In  E . m axim a  (Me h l h o r n , 1972b) an d  
in E . auburnensis  ( H a m m o n d  e t al., 1969), m ic ro tu b u la r  relics o f p ro b a b ly  
a fo u rth  flagellum  were d e tec ted  occasionally . In  E . m axim a  (M e h l h o r n , 
1972), th ese  m icro tubu les orig inate  from  a fo u rth  basa l body . U p to  now , i t  
has been im possible to  de te rm ine  how  th e  basa l bodies in th e  tip  of th e  m ic ro ­
gam ete  develop from  th e  2 centrio les seen in  th e  p ro x im ity  of th e  nuclei 
d u rin g  th e  early  d iffe ren tia tio n  phase.

H o st-p a ra s ite  re la tionsh ip

T he m ain  place of h o s t-p a ra s ite  in te ra c tio n  is th e  p a ras ito p h o ro u s  v a c ­
uole o f th e  h o st cell, w hich u sua lly  su rro u n d s all in trace llu la r  stages (S c h o l ­
t y s e c k , 1963a, b; S c h o l t y s e c k , 1968). T he ex ac t origin o f th e  vacuole an d  of 
its  lim itin g  m em brane  is n o t com plete ly  u n d e rs to o d . H ow ever, th e re  is con­
siderab le  evidence th a t  sm all vesicles in  th e  h o s t cell cy top lasm  f irs t  are  a r ra n g ­
ed p e rip h e ra lly  a round  th e  in tru d e d  p a ra s ite . T hen  these  vesicles b re a k  an d  
form  a la rg e  vacuole co n ta in in g  th e  p a ra s ite , w ith  th e  lim iting  m em b ran e  
being b u ilt  ou t of th e  m em branes of th e  sm all vesicles (S c h o l t y s e c k , 1963b).

On th e  p a ra s ite ’s surface, tw o special s tru c tu re s , th e  m icropores and  
th e  in tra v a c u o la r  tu b u le s , are  b u ilt up an d  becom e ac tive  d u ring  th e  p a r a ­
s ite ’s d ev e lopm en t (S c h o l t y s e c k  et a l., 1966a, b). In  all eim erian species as w ell 
as in  th e  genera  Babesia, Aggregata an d  K lossia , th e  m icropore consists o f a 
bu lb -like  in v ag in a tio n  o f th e  o u te r pellicle m em b ran e  an d  a su p p o rtin g  co lla r­
like open ing  of th e  in n e r m em branes (S c h o l t y s e c k  and  M e h l h o r n , 1970). 
M icropores o f th a t  s tru c tu re  are p re sen t in  m otile  ex trace llu la r s tag es  like 
sporozoites, m erozoites an d  m icrogam etes as well as in  several in tra c e llu la r  
stages. H ow ever, d u rin g  th e  phase of ac tiv e  g row th , m icropores d iffe ren tia te . 
The in v ag in a tio n  becom es deeper, and  m a te ria l from  th e  p a ra s ito p h o ro u s  
vacuole is in co rp o ra ted  in to  th e  p a ra s ite . T hen , a t least in E. tenella (S c h o l ­
t y s e c k  a n d  S t r o u t , 1968), food vacuoles can  be seen fo rm ing  a t  th e  base  of 
th e  m icropore. The collar-like su p p o rt ring  fo rm ed  by  th e  tw o inner m em branes 
is p re sen t in  all stages, even in  m acro g am o n ts  or sch izon ts, in  w hich th e  in n e r 
m em b ran e  com plex has been reduced  in all o th e r  surface areas (S c h o l t y s e c k  
and  M e h l h o r n , 1970).

T he second ty p e  of organelles w hich can be found  a t th e  p a ra s ite ’s su rface  
are  th e  in tra v a c u o la r  tu b u le s . U p to  now , we have found  th em  in m acrogam etes 
of A . eberthi ( H e l l e r , 1970a), K . helicina  (Vo l k m a n n , 1967) and  of all e im erian
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species in v es tig a ted  in  our la b o ra to ry  ex cep t o f E . stiedai (S c h o l t y s e c k  et al., 
1971b). In  K . helicina, th e y  were found  in  m icrogam etes, too (S c h u l t e , 1971b). 
T h e  tu b u les  show  a cross-s tria tio n  in lo n g itu d in a l sections and  revea l, in 
cross-sections, f ila m e n to u s  su b u n its  bu ild in g  up th e  tu b u le  wall (found  only 
in E . m axim a) (M e h l h o r n , 1972b). T he w ay  th ese  tu b u les  a re  a tta c h e d  to  
th e  p a ra s ite  is n o t q u ite  clear y e t; th e y  seem  to  o rig inate  from  osm iophilic 
p laq u es  im m ed ia te ly  u n d e rn e a th  th e  pellicle (S c h o l t y s e c k  et ah , 1966a, b). 
In  E . perforans  (S c h o l t y s e c k  and  S c h ä f e r , 1963), these tu b u les  to u ch  th e  
m em b ran e  of th e  p a ra s ito p h o ro u s  vacuo le , suggesting  a role in  th e  tra n sp o r t  
of n u tr itio n .

In  m acro g am o n ts  of E . auburnensis  ( H a m m o n d  et ah , 1967b) an d  of A .  
eberthi ( H e l l e r , 1969), deep pellicu lar in fold ings can be observed , w hich 
d iffe r d is tin c tly  from  m icropores. T he pellicle, lim iting  these  in v ag in a tio n s, is 
n o t changed in its  u ltra s tru c tu re . O ccasionally , vacuoles can be seen fo rm ed  
a t  th e  b o tto m  of th e  in v ag in a tio n s, su ggesting  a p inocy tic  a c tiv ity .

H o s t-p a ra s ite  re la tio n sh ip s  are  n o t e v id e n t only in th e  above m en tio n ed  
s tru c tu re s  of p a ra s it ic  origin, b u t in  s tru c tu re s  of host origin as well. The 
m em b ran e  of p a ra s ito p h o ro u s  vacuoles h a rb o rin g  m acrogam etes often  form s 
in tra v a c u o la r  folds in  m any  d ifferen t e im erian  species. A lthough  th e  size of 
th e se  folds v aries w ith  th e  species an d  w ith  th e  developm enta l stage  of th e  
p a ra s ite , th e ir  w id th  u sua lly  is ab o u t 1/3 to  1/4 of th a t  o f an in tra v a c u o la r  
tu b u le . In  E . auburnensis  ( H a m m o n d  e t a l., 1967), these  folds becom e d e tach ed  
from  th e  m em b ran e  an d  seem to  d eg en era te  in  th e  parasito p h o ro u s vacuole , 
th u s  increasing  th e  am o u n t of n u tr i t iv e  m a te ria l availab le  for th e  p a ra s ite . 
S im ilar processes occu r a t in tra v a c u o la r  fo lds o f th e  p a rasito p h o ro u s vacuole 
in  m acrogam etes (S c h o l t y s e c k  e t al., 1971b) and  young cyst form s (M ü l l e r  
e t a l., 1973c) of Toxoplasm a gondii.

In  m icro g am o n ts  of E . auburnensis  ( H a m m o n d  et al., 1967), in  m acro ­
gam etes of A . eberthi ( H e l l e r  1969), an d  in  cysts  of Besnoitia  je llison i (M ü l l e r  
e t  a l., 1973c), th e  m em brane  of th e  p a ra s ito p h o ro u s  vacuole form s sm all 
vesicles w hich a re  p inched  off in to  th e  vacuo le , w here th e y  d is in teg ra te .

Of special in te re s t  for e v a lu a tin g  th e  h o s t-p a ra s ite  re la tio n sh ip  were 
som e find ings on th e  developm ent of E . tenella in m acrophages (S c h o l t y s e c k  
e t al., 1969). A lth o u g h  th e  ex ac t d ev e lo p m en ta l process involved  here  is n o t 
q u ite  u n d e rs to o d , i t  seem s likely th a t  schizogony (m erogony) tak es  p lace in 
these  m acrophages. A t the  sam e tim e , d egenera ted  (digested) m erozoites and 
o th e r  d ev e lo p m en ta l stages are p re sen t in  th e  sam e m acrophage. This can  be 
in te rp re te d  as ev idence  for th e  ex trem ely  h igh  degree of a d a p ta tio n  an d  re ­
s istance  coccid ian  p a ra s ite s  can develop . Successful parasitism  of a m acro ­
phage has to  be considered  as a m a jo r ad v an cem en t.
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C ytochem istry

C ytochem ical in v estiga tions h av e  been carried  o u t on m acrogam etes of 
E . perforans  (S c h o l t y s e c k , 1964), on m acro- and  m icrogam onts of K . helic ina  
(S c h u l t e . 1971a; S c h u l t e , 1971b), an d  on m erozoites of Besnoitia je lliso n i  
(Me h l h o r n  an d  S c h o l t y s e c k , 1973a; S e n a u d  et a l., 1972), Sarcocystis tenella  
(Me h l h o h n  a n d  S c h o l t y s e c k , 1973b) and  Frenkelia  sp. (Me h l h o r n  an d  
S c h o l t y s e c k , 1973a). T heir ob jec tive  w as to  gain in fo rm atio n  on th e  n a tu re  
of reserve p o lysaccharides and  on d iffe ren t p h o sp h a ta se  activ ities. In  all 
in v estig a tio n s, th e  po lysaccharide  w as show n to  consist of a g lycogen-type  
com ponen t, w h ich  w as nam ed  “ C occidien-G lykogen” . In  E . perforans (S c h o l ­
t y s e c k , 1964) an d  K . helicina  (S c h u l t e , 1971a), th e  po lysaccharide g ran u les  
were d igested  b y  a-am ylase , and  a- as w ell as ß -am ylase  w ere found e ffec tive  in 
B . je llison i (S e n a u d  e t a l., 1972). T herefo re , th e  am ylopec tin  c h a ra c te r  of 
these  g ran u les  suggested  by  o th e r a u th o rs  is still d o u b tfu l (com pare G e y e r , 
1973; K a r l s o n , 1972; R i c h t e r , 1969).

Acid p h o sp h a ta se  ac tiv ities  w ere found  in  m erozoites of B. je ll iso n i , 
S. tenella, an d  Frenkelia  sp. (M e h l h o r n  an d  Sc h o l t y s e c k , 1973a, b). T h e ir  
localizations w ere  in  th e  endoplasm ic re ticu lu m , in  th e  perinuclear space  an d  
betw een  th e  m ito ch o n d ria l m em branes. In  S. tenella an d  Frenkelia  sp ., a d d i­
tio n a l acid  p h o sp h a ta se  w as found  in  th e  G o lg i-ad junc t (m u ltim em b ran ed  
vesicle) a n d  b e tw een  th e  m iddle an d  in n e r  pe llicu lar m em brane. In  m acro - 
gam onts o f K . helicina, acid p h o sp h a ta se  w as found  in  th e  w all-fo rm ing  
bodies (S c h u l t e , 1971a).

A lkaline p h o sp h a ta se  a c tiv ity  in m acrogam etes of K . helicina o ccu rred  
in m icropores and  in  th e  p e riphera l cy to p lasm ic  m a trix , o ften  in the  p ro x im ity  
of w all-form ing  bodies (S c h u l t e , 1971a). In  m icrogam onts of th is  species, 
th e  enzym e a c tiv i ty  w as even ly  d is tr ib u te d  over th e  p a ra s ite .

Proposals for fu tu re  investigations

One of th e  re su lts  of our research  of th e  la s t 10 y ea rs  is the in c reasin g  
aw areness of q u estio n s n o t y e t answ ered . As far as basic  u ltra s tru c tu re  is 
concerned, th e  obstac les of oocyst an d  spore walls need  to  be overcom e b y  
some k in d  o f cy tochem ical m eth o d  to  gain  in fo rm atio n  on th e  m orpho logy  
of th e  sp o ro n t. As soon as its  s tru c tu re  is u n d ers to o d , th e  process of sporogony  
should  be in v e s tig a te d  an d  com pared  to  schizogony (m erogony). I t  is of h igh  
in te re s t to  f in d  o u t w h e th e r sporogony, to o , is to  be considered  as a m od ified  
endodyogeny.

C on firm atio n  of earlier find ings an d  fu r th e r  in v estig a tio n s are n ecessa ry  
for m acro- an d  m icrogam on ts. In  m acro g am o n ts , th e  fin d in g s on the  p e llicu la r
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u ltra s tru c tu re  need to  be  confirm ed for sev e ra l different species, p re fe rab ly  
in  a co m p ara tiv e  s tu d y  using  d ifferen t f ix a tio n  and em bedd ing  p rocedures. 
In  m icrogam on ts, th e  flag e lla r com plex a n d  th e  origin of th e  basa l bodies 
need  fu r th e r  c la rifica tio n . Also, th e  re s id u a l nucleus observed in  som e species 
shou ld  be in v es tig a ted  in  reg ard  to  th e  D N A  —  R N A -d is trib u tio n .

T he m ain p rob lem , how ever, will lik e ly  be the  cy to ch em is try  of in tr a ­
ce llu la r p a rasitism . T h is calls for en zy m atic  in v estiga tions on th e  m etabo lism  
of th e  h o s t cell (com pared  to  n o n -p a ra s itiz ed  cells) and on prob lem s like th e  
m e tab o lism  of po lysaccharides in th e  p a ra s ite . E n zy m atic  in v es tig a tio n s  
shou ld  be carried  o u t as well on the  p a ra s ito p h o ro u s  vacuole to  gain in fo rm a­
tio n  on th e  role of in tra v a c u o la r  tu b u les  a n d  sim ilar s tru c tu re s . C ytochem ical 
a p p ro ach es  will also lead  to  a b e tte r  u n d e rs ta n d in g  of m o tility  an d  p e n e tra tio n  
processes. F o r all th ese  in v estig a tio n s, tis su e  cu ltu re  w ork w ill be ex trem e ly  
helpfu l.

F in a lly , th e  re search  objects for all investig a tio n s sh o u ld  be n o t on ly  
E im eria  spp . (w ith  a few exceptions in  th e  p as t) , b u t should  come from  as 
m an y  coccidian  fam ilies as possible, in c lu d in g  H aem osporina  and  P iroplas- 
m asida .
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INFECTIOUS (VIRAL) ENTERITIS,
A NEW GOSLING DISEASE IN THE SOVIET UNION

( R e v i e w )

By

L. M. K o n t r im a v ic h u s

A ll-U nion  V e terinary  R esearch  In s ti tu te  (d irec to r:
J .  R . K ova lenk o ), Moscow, U SSR

(R eceived O ctober 20, 1973)

The es tab lish m en t of large-scale goose farm s w as begun  in d iffe ren t 
a reas  of th e  Soviet U nion  a fte r 1960. In  several farm s, p ro d u c tio n  resu lts  w ere 
poor and  rearin g  losses w ere high. This w as in itia lly  a t t r ib u te d  to  lack o f ex ­
perience, and, ch iefly , to  m anagem en t fa ilu res and  feed ing  errors. F rom  1963, 
th e  suspicion w as increasing ly  gain ing  g round th a t  in ce rta in  d is tric ts  th e  
losses were due to  a p rev io u sly  unknow n goose d isease, w hich had  no t y e t 
been described. S tu d ies  w ere im m ed ia te ly  begun on ep izootological course, 
sy m ptom s and  gross lesions of th e  disease and  tox ico log ica l, bacterio log ical 
and  virological e x am in a tio n s  were perform ed. The causal ag en t was id en tified  
as a v iru s and  th e  p ic tu re  w as nam ed  a fte r  th e  m ost c h a ra c te ris tic  sy m p to m  
as “ infectious e n te r i t is ”  ( K o n t r im a v ic h u s  e t al., 1966).

Epizootological observations. Goslings sim u ltan eo u sly  released from  th e  
h a tc h e ry  usually  becam e diseased in  all farm s to  w hich th e y  had  been d is tr ib ­
u te d . M any o b se rv a tio n s  suggested th a t  th e  causal a g en t is tra n sm itte d  
th ro u g h  th e  egg, an d  d ay -o ld  goslings are  a lready  in fec ted  a t  tra n sp o rt from  
th e  h a tch e ry . T he av e rag e  la ten cy  period  was 5 — 10 d ay s , b u t also o lder 
goslings developed th e  disease. A du lt geese and y o ung  chicks and  ducklings 
k e p t to g e th e r w ith  sick  goslings d id  n o t becom e in fec ted . B u t th e  disease 
sp read  to  sm all fa rm s in  n ea rb y  villages, un iform ly  a ffec tin g  goslings o rig i­
n a tin g  from  th e  h a tc h e ry  and  those n a tu ra lly  h a tch ed  on th e  spo t ( K o n t r i ­
m a v i c h u s , 1972a).

Losses u su a lly  ran g e d  from  30 to  8 0 % , b u t occasionally  all goslings d ied . 
M o rta lity  from  th e  d isease was especially  high am ong  th e  offspring of one- 
y ear-o ld  layers. T he o u tb re a k s  occurred am ong th e  G orky  an d  K uban  breeds, 
know n for th e ir  h igh  egg p roduction . D ay-o ld  goslings of th e  A rsam as an d  
G rey S teppe b reeds could  be in fec ted  ex p erim en ta lly , b u t  th e  losses w ere 
m uch low er th a n  am o n g  th e  o ther tw o breeds ( K o n t r i m a v i c h u s , 1972a).

Sym ptom s. A t th e  beg inn ing  of th e  o u tb reak , v a ry in g  periods of la ten cy  
w ere followed b y  an  a b ru p t  d ea th , w ith o u t p reced ing  sym ptom s. L a te r  th e
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d isease  took  a longer course. The goslings show ed listlessness an d  in ap p e ten ce  
an d  h u d d le d  to g e th er, obv iously  seeking w arm th . Some b ird s shook freq u en tly  
th e ir  h ead , as if to  get rid  o f nasa l d ischarge , o th ers  showed a w a te ry  sa liva tion . 
T h e  b o d y  tem p era tu re  o f  th e  d iseased  b ird s  was 41.0—41.7 °C, no t d iffering 
from  th a t  of the h e a lth y  ones. Severely  diseased b ird s o ften  h ad  a w a te ry  
d ia r rh o e a , w ith occasionally  san g u in o len t s treak s. Some goslings show ed a 
p ro tra c te d  course of d isease ; these  a te  l ittle , p referred  to  sq u a t w ith  th e  head 
b e n t  to  one side, and  w ere m ark ed ly  re ta rd e d . In  th ree  fa rm s m any  sick 
goslings also showed n erv o u s sy m p to m s (convulsions, m o v em en t d istu rbances) 
a t  2 — 3 weeks of age. A g re a te r  or lesser n u m b er of th e  sick b ird s  recovered 
an d  could  p rac tica lly  overcom e g ro w th  re ta rd a tio n  u n til a b o u t tw o m on ths 
o f  age ( K o n t r i m a v ic h u s , 1970c, 1971; K o n t r i m a v ic h u s  an d  E l b e r t ,
1968).

Gross lesions. T hose  goslings w hich died a b ru p tly  in  th e  early  stage  of 
th e  o u tb re a k  did n o t u su a lly  show gross lesions. L a te r th e  m ain  change was 
e n te r it is ,  vary ing  in  ty p e  and  sev erity . In  acu te  cases, th e  e n te ritis  was 
h aem o rrh ag ic , in ch ron ic  cases i t  w as fib rin o u s. The fib rin  som etim es form ed 
a loosely  a ttach in g  c o a t on th e  in te s tin a l m ucosa, in o th e r  cases i t  form ed 
a lam e lla r, tu b u la r  o r p lug-like s tru c tu re . D ense, viscous m ucus was often 
fo u n d  in the nasal c a v ity  an d  som etim es also the  p ro v e n tr ic u la r  m ucous 
m em b ran e  teas covered b y  a m ucinous co a t. D ifferen t degrees of m yocard ial 
d eg en era tio n  were fo u n d ; som etim es th e  h ea rt was w h itish  an d  d ila ted . The 
liv e r  w as swollen an d  hy p eraem ic  in  m ost cases. In  cases free from  a secondary  
b a c te r ia l  com plication , th e  spleen w as norm al.

Microscopic lesions. Goslings died  or killed in p re m o rta l s ta te  a fte r  
n a tu r a l  or exp erim en ta l in fec tion  un ifo rm ly  had  e n te ritis  an d  often  also a 
h aem o rrh ag ic  or f ib rin o u s  en te roco litis .

The liver and  k id n ey s  w ere hy p eraem ic  and  g roups of cells show ed 
d iffe re n t degrees o f d eg en era tio n . T he m yocard ia l cells also show ed d ifferen t 
s ta g e s  of degenera tion , up to  com plete  d is in teg ra tio n .

A p a rt from  th e  above changes, A k u l o v  (1970) observed  congestion  of 
th e  splenic sinusoids, p ro life ra tio n  o f ly m p h  follicles, increased  heteroph il 
leu co cy te  counts an d  oedem a of th e  p e riv ascu la r connective  tissue an d  t r a ­
b ecu lae . V e r t i n s k i y  e t  al. (1973) also found  lesions in  th e  re sp ira to ry  t r a c t  
an d  in all p arts  o f th e  b ra in .

Chemical and toxicological exam ination . No tox ic  levels of NaCl, n itr i te , 
m e rc u ry  or arsenic co m p o u n d s w ere found  e ith er in th e  gosling feed or in 
g a s tro -in te s tin a l c o n ten ts .
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Mycological exam inations. P a th o g en ic  fungi ( A sperg illus sp ., Candida  
sp ., etc.) w ere no t found  in  th e  gosling feed, no r in  v a rio u s organs of th e  
carcases.

Bacteriological exam inations. T he organs of m ost carcases w ere found  
to  be bacterio log ically  ste rile . In  ce rta in  cases, especially  in  th e  second p a r t  
o f th e  endem ic o u tb reak s , S. typ h im u riu m , S . anatum  or E . coli, in o th e r cases 
diplococci and  strep tococci w ere iso la ted  from  th e  carcases . N eith er th e  diplo 
nor th e  strep tococci w ere path o g en ic  fo r mice and ra b b its  b y  th e  in tra p e r i­
toneal ro u te . In fre q u e n tly  C lostridium  perfringens  ty p e  A s tra in s  w ere iso la ted  
from  th e  liver.

As to  th e  in te s tin a l f lo ra , the  ab so lu te  num bers o f E . coli, B . proteus, 
Pseudomonas sp ., Cl. perfringens, and  occasionally , also of Salmonella sp. or 
o th e r fa c u lta tiv e ly  p a th o g en ic  b a c te ria  increased  co n sid e rab ly  com pared  to  
norm al. T he a lte red  b a c te ria l flo ra  m ay  ag g rav a te  th e  course of th e  disease 
an d  th u s  increase losses. A t all even ts, th e  bac te rium -free  f i l tra te  of in te s tin a l 
co n ten ts  w ith  changed  flo ra  com position  d id  n o t kill m ice, ra b b its  and  guinea 
pigs on in trav en o u s  and  in tra p e rito n e a l a d m in is tra tio n , w hence th e  le th a l 
e ffec t of b ac te ria l to x in s  abso rbed  from  th e  in te s tin e  could be excluded 
( K o n t r i m a v ic h u s  e t ab , 1972).

To o b ta in  evidence of egg tran sm issio n  of th e  a g e n t, th e  379 goose 
em bryos w hich died in d iffe ren t stages o f h a tch in g  w ere also exam ined  b a c ­
terio log ically . E . coli, Salm onella  sp., Pseudomonas sp. an d  cocci were iso la ted  
from  m any  em bryos, b u t in fec tion  ex p erim en ts  in goose em bryos, w ith  each 
iso la te  in itse lf  and  in vario u s co m b in a tio n s, failed to  c o n tr ib u te  any  im p o rta n t 
d a ta  to  th e  know ledge of th e  aetio logy.

Virological exam inations. Goslings o rig inating  from  unaffec ted  flocks 
w ere in ocu la ted  w ith  organ  hom ogenates or in te s tin a l c o n te n ts  from  carcases 
o f goslings sp o n taneously  d ied  or k illed in  a severe s ta te  o f illness. The goslings 
in ocu la ted  e ith e r o rally , su b cu tan eo u sly  or in tra n a sa lly  developed  disease. 
E x p e rim en ta l in fection  was also successful w ith  Seitz f i l tra te s  of the  in fectious 
m a te ria l. O u t of a to ta l  of 247 goslings used  in  18 in fec tio n  ex p erim en ts , 209 
d ied  w ith in  12 days a fte r  in fec tio n , inc lu d in g  la ten cy  fo r 4 — 8 days. The 172 
b ird s  set up as contro ls an d  k e p t in iso la tio n  from  th e  re s t  d id  no t develop 
th e  disease ( K o n t r i m a v ic h u s , 1970a).

Iso la tion  of th e  v iru s  w as in itia lly  a tte m p te d  in em b ry o n a ted  goose 
eggs p re in cu b a ted  for 12— 15 d ay s. C erta in  organ h om ogenates killed th e  em ­
b ry o s w ith in  2— 6 days. Several em bryos show ed cu tan eo u s hy p eraem ia  and 
oedem a, som etim es haem o rrh ag es and  liv er degenera tion . L a te r  w ell-repro­
ducib le  resu lts  were o b ta in ed  in  eggs p re in cu b a ted  for 10 d ay s, as proposed 
by  D e r z s y  e t al. (1970). In  th e  f irs t passage only a single s tra in  was capab le
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of k illing  all em bryos. A fte r  a few tran sfe rs , how ever, fu r th e r  s tra in s  caused 
reg u la rly  em bryonic d e a th . T he la ten cy  period  becam e sh o rte r , rang ing  from 
2 to  6 days, and  v iru s  t i t r e s  of th e  chorioallan to ic  flu id s rose to  th e  level o f 
10 4— 10-A  A p art from  th e  lesions described  in  th e  foregoing, oedem a of th e  
cho rioa llan to ic  m em b ran e , d ila ta tio n  of th e  h e a r t and  m y o card ia l degeneration  
w ere observed ( K o n t r i m a v i c h u s , 1971).

T he p a th o g en ic ity  o f th e  v iru s for day-o ld  goslings d id  n o t change a fte r  
fiv e  passages in  p rim a ry  em bryon ic  goose k idney  cell cu ltu re . C y topath ic  
changes began to  a p p e a r from  th e  second passage on. R o u n d in g , vacuo liza tion  
an d  g radua l pycnosis of p a r t  of th e  cells w as followed by  th e ir  d e tach m en t 
from  th e  tu b e  wall, re su ltin g  in  d isco n tin u ity  of the  cell m ono layer ( K o n t r i ­
m a v i c h u s  and M a y b o r o d a , 1968).

T he virus could  n o t be p ro p ag a ted  in  chick or duck  em bryos and it was 
n o t pathogen ic  for d ay -o ld  chicks, ducks, m ice, guinea p igs an d  rab b its . I t  was 
fo u n d  to  ag g lu tin a te  th e  red  blood cells of goose, duck , ch icken , horse, sheep, 
sw ine, ra b b it and  gu in ea-p ig  ( K o n t r i m a v ic h u s , 1971).

The virus is r e s is ta n t to  e th e r  and  chloroform , it  is n o t affected  by  a n t i ­
b io tic s  and  m a in ta in s  in fe c tiv ity  in 4 0%  glycerol a t  2— 4 °C for tw o years, 
in  d ried  form  for one y e a r  a t th e  least. I t  resists h ea t t re a tm e n t a t 60° for 15 
m in , b u t  is killed b y  on exposure a t th is  te m p e ra tu re  fo r 30 m in ( K o n t r i ­
m a v i c h u s , 1970b, 1971).

Diagnostic d ifferen tia tion . A lthough  th e  virus responsib le  for the  gosling 
d isease was n o t p a th o g en ic  for chicks and  ducks e ith e r  b y  n a tu ra l c o n ta c t 
or b y  experim en ta l in fec tio n , i t  seem ed w orthw hile  to  ex am in e  w hether gos­
lings were suscep tib le  to  th e  N ew castle  disease v irus (N D Y ) s tra in s  occurring  
in th e  Soviet U nion , an d  to  duck ling  h e p a titis  v irus.

Goslings 18— 26 day s old were in fec ted  w ith  th e  velogenic  T s tra in  of 
N D V , and  six w eeks old goslings were im m unized  w ith  th e  m esogenic H s tra in . 
T he ex p erim en ta lly  in fec ted  b ird s  developed nervous sy m p to m s (paralysis of 
w ing , to rtico llis, com pu lsive  m ovem ents) an d  if  th e  disease to o k  a longer course, 
h aem ag g lu tin a tio n  in h ib itin g  (H I) an tib o d ies  ap p eared  in  th e  blood serum . 
T he b irds im m unized  w ith  s tra in  H  also had  serum  H I  an tibod ies up to  a 
t i t r e  level of 1 : 320.

E x p erim en ta l in fec tion  w ith  th e  NDV stra in s  T , H  and  L aSota w as 
un ifo rm ly  le th a l to  goose em bryos. T he dead em bryos show ed cu taneous 
hy p eraem ia  an d  h aem o rrh ag es , and  th e  cho rioallan to ic  flu id s  ag g lu tin a ted  
ch icken  e ry th ro cy te s  up  to  d ilu tions from  1 : 640 to  1 : 2560.

I t  follows th a t  y o u n g  goslings are  susceptib le  to  th e  velogenic s tra in s  
o f NDV, h u t develop  sym p to m s d is tin c t from  tho se  of in fectious en te ritis . 
In fec tion  or im m u n iza tio n  w ith  th e  vaccine s tra in  in d u ces an H I a n tib o d y  
response and th e  ch o rio a llan to ic  flu id s of em h ry o n a ted  goose eggs in fected
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w ith  velogenic, m esogenic or len togenic  N D V  stra in s  ag g lu tin a te  th e  ch icken  
e ry th ro cy te s  ( K o n t r i m a v i c h u s , 1972b).

I t  w as rep o rted  (W ac h n iic  and  N o v a c k i , 1962) th a t  duckling  h e p a titis  
v iru s is p a th o g en ic  for goslings. In  our ow n ex p erim en ts , goslings in fected  w ith  
s tra in s  0 ,  P  or K i of d u ck lin g  h e p a titis  v iru s  becam e d iseased , th e ir  g row th  
was re ta rd e d  an d  25%  of th e m  died. A t post mortem  ex am in a tio n , en la rgem en t 
and  ligh t yellow  d isco lo ra tion  of th e  liv e r an d  congestion  of th e  ga llb ladder 
were found , b u t  no o th e r changes could be observed  ( K o n t r im a v ic h u s  an d  
M a y b o r o d a , 1970; A k u l o v  e t ah , 1972).

The su scep tib ility  o f  goose enbryos an d  day-o ld  goslings to  duck ling  
h ep a titis  v iru s  is an  im p o r ta n t  ex p e rim en ta l observ a tio n , b u t  th ere  is no 
evidence of its  n a tu ra l incidence  in  th e  S ov ie t U nion. The sym ptom s show ed 
on ex p erim en ta l infection  w ere, nev erth e less , d is tin c t from  tho se  of n a tu ra l 
and  ex p erim en ta l in fectious en te ritis  am ong  goslings.

C ertain  au th o rs  re p o rte d  su scep tib ility  o f goslings to  duck  plague v iru s , 
b u t th e  p ic tu re  and  th e  p ro p ertie s  of th e  a g e n t w ere d is tin c t from  those  ob ­
served w ith  th e  gosling d isease.

D uring  th e  recen t decade  a gosling d isease, m ore or less sim ilar to  in ­
fectious e n te ritis , had been  rep o rted  from  severa l coun tries u n d er various 
nam es, such as “ goose in flu e n z a ” , “ goose p la g u e ” , “ ascitic  h e p a to -n ep h ritis” , 
“ gosling h e p a ti t is ” , etc. F ro m  th e  d iseased or d ead  b ird s  ch lo ro fo rm -resistan t 
v iru s s tra in s w ere iso lated , w h ich  were classified  b y  som e w orkers as reoviruses, 
b y  o thers as p a rvov iruses. Tw o au th o rs  (C s o n t o s , 1967; K a l e t a , 1969) 
rep o rted  iso la tio n  of adenov irus stra in s from  dropp ings of h e a lth y  geese and  
from  liver h om ogenates of d iseased  geese, b u t  d id  n o t com m en t on p a th o ­
genicity . T he goose adenov irus iso late  of Co u d e r t  (personal com m unication) 
w as no t p a th o g en ic  for goslings.

I t  follows th a t  none of th e  know n goose v iru ses can be held  responsible 
for th e  disease causing  o u tb re a k s  in  th e  Sov iet U nion since th e  years 1960— 
1963. The causal ag en t of th e  disease te rm ed  as “ in fectious e n te r itis ”  is clearly  
an  as y e t u nknow n  virus w hose system atic  p o sitio n  rem ains to  be clarified  
like th a t  of th e  s tra in s  iso la ted  from  th e  gosling  disease in o th e r countries.

Therapy and prevention. T re a tm e n t w ith  d iffe ren t an tib io tic s , chem o- 
th e ra p e u tic s  an d  p a ra ty p h o id  serum , e ith er alone or in  various com bination , 
h a d  n e ith er th e ra p e u tic , nor p re v e n tiv e  effects ( K o n t r i m a v ic h u s  e t ah , 1966).

Sera from  convalescent geese co n ta in  an tib o d ies  and  confer a high- 
degree p ro tec tio n  on susceptib le  goslings a t  an  0 .5— 1.5 m l p ro p h y lac tic  dose 
level. Losses am ong  goslings p rev en tiv e ly  tr e a te d  w ith  convalescen t serum  
ran g ed  from  0 to  14% , com pared  to  a 5 0 —100%  loss in  th e  co n tro l groups, 
w hich were given p a ra ty p h o id  an tise ru m , n o rm a l goose serum , an tib io tic , 
or no tre a tm e n t w h a tev er ( K o n t r i m a v ic h u s  e t ah , 1966; K o n t r i m a v ic h u s ,
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1 9 6 8 ,1 969 ,1971). A ccord ing  to  K a p i t a n a k i  and  Ch e c h u l a , (1970) an d  F a d  y i n  
e t al. (1971), th e  c itra te d  b lood of conva lescen t geese is o f sim ilar p ro te c tiv e  
effec t to  convalescen t serum .

V e te rin a ry  hygien ic  an d  a d m in is tra tiv e  m easures are  now  re g u la rly  
ta k e n  to  p rev en t th e  sp read  of th e  gosling  disease. In tro d u c tio n  of geese from  
in fec ted  farm s to  “ c lean ” flocks is p ro h ib ited . In fec ted  flocks are tre a te d  as 
closed stocks an d  re s tr ic tio n s  are im posed  upon  sale of eggs and  geese. R eg u lar 
d is in fec tion  of goose houses, h a tch e rie s  an d  m ach inery  is perfo rm ed  ( K o n t r i - 
m a v i c h u s , 1971). T hese m easures seem  to  he su ffic ien t for th e  p re v e n tio n  of 
fu r th e r  sp read . The d u ra tio n  of ca rrie rsh ip  is n o t y e t know n and  for th e  tim e  
b e in g  reg u la r t re a tm e n t w ith  co nva lescen t serum  or blood is th e  only  m eans 
o f red u c in g  losses.
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EXPERIMENTAL INFECTION OF LAMBS 
WITH REOVIRUS TYPE 1 ISOLATED FROM SHEEP

By

S. B é l á k  and V . P á l f i

D ep artm en t o f E pizoo tio logy  (H e ad : P rof. J .  Mészá ro s), U n iv e rs ity  o f V e terin ary  
Science an d  th e  C en tra l V e te rin a ry  In s ti tu te  (H ead : A. V á n y i), B u d ap est

(R ece iv ed  O ctober 29, 1973)

A re sp ira to ry  an d  in te s tin a l disease  of lam bs (B él á k  e t  al, 1974) an d  th e  p a rtia l ch ar­
acterizatio n  of th e  iso la ted  v iru s (B é l á k  and  P á l f i, 1974) were re p o rte d  previously .

R esults o f th e  ex p erim en ta l infection  of lam bs w ith  th e  iso lated  reovirus 
designated  H / l l  are p resen ted  in  th is  paper.

M aterials and Methods

Seven a rtif ic ia lly  n u rsed , 2— 4 weeks old m erino lam b s w ere experi­
m en ta lly  in o cu la ted . B lood sam ples were exam ined  fo r an tibod ies, basal 
te m p e ra tu re  w as reco rded , n asa l, co n ju n c tiv a l and  rec ta l sw abs were collected 
prior to  infection . T he v irus fo r inocu la tion  was in  its  3rd passage and  p ro p a ­
gated  as described  p rev io u sly  ( B é l á k  and  P á l f i , 1974). S u p e rn a ta n ts  of in ­
fected  and  con tro l cell cu ltu res  w ere cen trifuged  a t  5000 r .p .m . for 30 m in 
a t  4 °C. The m edia w ere te s te d  fo r m ycoplasm as. F ive  lam b s w ere inocu la ted  
in tra tra c h ea lly  w ith  1 m l, and  in tra n a sa lly  w ith  2 m l of a suspension  con ta in ing  
10:! T C ID 50/ml H / l l  v irus. T he tw o  contro l lam bs w ere sim ila rly  inocu la ted  
w ith  th e  su p e rn a ta n t o f u n in fec ted  cell cu ltu res. The inocu la tio n  was rep ea ted  
on th e  following d ay . N asal, c o n ju n c tiv a l and rec ta l sw abs w ere collected daily  
for 3 weeks and  rec ta l te m p e ra tu re s  recorded  tw ice a d ay . Sw abs w ere exam ined  
for th e  presence of v iru s  as described  in d e ta il p rev iously  ( B é l á k  and  P á l f i , 
1974). One infected  lam b  was k illed  on day  8 post in fec tion  (p.i.). I ts  o rgans 
and  those of a n o th e r died  on d ay  11 p.i. were exam ined  p a th o lo g ica lly , v iro - 
logically  and  for the  presence o f b ac te ria , m ycop lasm as an d  ch lam id iae . 
Second blood sam ples w ere co llec ted  from  all th e  su rv iv o rs  on d ay  21 p .i. 
B o th  f irs t and second blood sam ples were exam ined  for th e  p resence of v iru s ­
n eu tra liz in g  an tibod ies. P a ra ffin -em b ed d ed  and  h aem a lau n -eo sin  sta ined  
p rep a ra tio n s  were exam ined  h is to p a tho log ica lly .
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Results
•

T he firs t clinical sy m p to m s ap p ea red  betw een  d ay  4 an d  6 p .i. The a n i­
m als show ed a te m p e ra tu re  rise of 0 .6 —0.9°C. F o u r lam b s h ad  d ia rrh o ea , 
th e ir  cond ition  w orsened on th e  second week. Serous ocular an d  nasa l d ischarge, 
sneezing  and  dyspnoea could  be observed  in  all in fec ted  lam b s. Mild en te ritis , 
en la rg ed  in tes tin a l and  p e rib ro n ch ia l ly m p h  nodes, rh in itis , tra c h e itis  an d  con­
so lid a tio n  of lungs w ere fo u n d  m acroscop ically  in  th e  lam b  k illed  8 days p.i. 
M icroscopically  a m ild  c a ta r rh a l  in flam m atio n  w ith  a b eg inn ing  necrosis of 
th e  u p p e r layer of m ucosa (F ig . 1) w ere seen in  some p a r ts  o f th e  nose an d  a 
s lig h t p ro lifera tion  on o th e r  areas (Fig. 2). The m ucous m em b ran e  w as in ­
f i l t r a te d  by  ly m phocy tes an d  g ran u lo cy tes . In f il tra tio n  w as s tro n g er in  some 
su b m ucous areas. D iffuse in te r s t i t ia l  pneum onia  w as fo u n d  in  th e  lungs, th e  
in te ra lv e o la r  sep ta  w ere th ic k e n e d  due to  m ononuclear in f iltra tio n , th e  lum en 
o f a lveoli and ducti a lveoli co llapsed  (Figs 3, 4). In  th e  lum en  of several alveoli 
d e sq u a m a te d  and  d eg en e ra ted  a lveo lar ep ithe lia l cells w ere seen (Fig. 5). 
S evera l in flam m atio n  cells also ap p eared  am ong these  ep ith e lia l cells.

One of th e  lam bs d ied  on th e  11th  d ay  p .i. I ts  d e a th  w as preceded  by  
a te m p e ra tu re  rise of 1.2 to  1.4 °C. E n te r itis , a focal c a ta r rh a l pneum onia 
in  th e  an te rio r p a rts  o f th e  lungs (F ig. 6) and  a c a ta rrh  of th e  u p p e r a irw ays 
w ere found  patho lo g ica lly . B acterio log ica l ex am in a tio n  of th e  spleen, lungs, 
perib ro n ch ia l and  in te s tin a l ly m p h  nodes of k illed  an d  died  an im als gave 
n e g a tiv e  resu lts. N e ith e r m ycop lasm as no r ch lam idiae could  be iso la ted  from

Fig. 1. Mucosa in th e  nose of a 3 w eeks old lam b  w ith  a m ild c a ta r rh a l in flam m atio n , H E  sta in ,
X 400
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Fig. 3. In te rs ti t ia l  pn eu m o n ia  in a 3 weeks o ld  lam b . In filtra tio n  of in te ra lv eo la r  sep ta,
H E  s ta in , X 95
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Fig. 2. Mucosa w ith  a  s lig h t p ro liferation  in  th e  nose of a lam b  aged 3 w eeks, H E  sta in , X 650
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Fig. 4. The in te ra lv eo la r se p ta  in f iltra ted  w ith  in flam m atio n  cells in th e  lungs of a 3 weeks
old lam b , H E  sta in , X 400

Fig. 5. D esq u am ated  a n d  degenerated  alveo lar ep ithe lia l cells in  th e  lum en of alveoli, H E
sta in , X 400
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Fig. 6. L ungs of a 3 weeks o ld  lam b , focal c a ta rrh a l in fla m m a tio n

th e  lungs. E n terococci and  non-haem olyzing  E . coli w ere c u ltiv a te d  from  th e  
in te s tin e s . The fu r th e r  lam bs of th e  in fec ted  group show ed th e  m ild re sp ira to ry  
an d  in te s tin a l sym p to m s as described  above. These clin ical sy m p to m s la s te d  
ap p ro x im a te ly  for tw o  weeks.

On the 4 to  9 th  d ay  p.i. th e  H / l l  s tra in  could he re -iso la ted  from  th e  
n asa l and  rec ta l sw abs collected from  th e  in fec ted  an im als. V irus w as no t 
iso la ted  from  th e  con ju n c tiv ae  and  from  th e  suspensions p rep ared  from  th e  
o rg an s of killed and  died  anim als. N o specific  an tibod ies w ere found  in  th e  
b lood  of the  lam b killed on day  8 p .i. In  th e  second blood sam ples collected  
21 d ay s  p.i. n eu tra liz in g  an tibod ies ap p e a re d  a t  a t i t re  o f 1 : 64 in  tw o , an d  
1 : 128 in one an im al.

D iscussion

A lthough  th e  H / l l  virus s tra in  w as iso lated  from  an ep idem ic  in w hich 
a v ira l background  w as supposed, a n d  w here a t i t re  rise in  specific  an tibod ies 
w as found , it  seem ed to  he necessary  to  in v es tig a te  th e  p a th o g e n ic ity  of th e  
iso la te . In  spite of th e  w ide d is tr ib u tio n  of reov iruses th e re  a re  d iffe ren t op in ­
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ions concerning th e  ro le  of these  ag en ts  in  inducing  disease (B a s k e r v i l l e  
e t a l., 1971; L a m o n t , 1968; M cF e r r a n  an d  Co n n o r , 1970; P h i l i p  e t al., 
1968; P h i l i p , 1970; R o s e n  an d  A b i n a n t i , 1960). B o th  successful and  u n ­
successful a tte m p ts  to  p roduce  ex p erim en ta l disease h av e  been rep o rted .

L a m on t  et al. (1968) rep o rted  on ex p erim en ta l in fec tio n  of calves w ith  
ty p e  1 and  ty p e  2 reo v iru ses . T hey  fo u n d  th a t  reo v iru ses  w ere involved  in 
re sp ira to ry  diseases of th is  species. R eov irus ty p e  3 has been  iso la ted  b y  S cott  
e t al. (1970), from  a c a t supposed  to  be died  of pan leu co p en ia . In  experim en ta l 
in fec tion  reoviruses w ere found  to  be of m ild  p a th o g e n ic ity  to  ca ts . In  a sim ilar 
experim en t in te rs ti t ia l  pneum onia  could  be p ro d u ced  in  dogs (L ou  and  
W e n n e r , 1963) e x p e rim en ta lly  in fec ted  w ith  reov irus. F ie ld  cases and  ex p e ri­
m e n ta l diseases w ere observed  in m ice an d  ra ts  (Co o k , 1963; K il h a m  and  
M a r g o l i s , 1973; P h i l l i p s  e t a l., 1970). R eovirus h as  also been iso lated  from  
sw ine ( K asza , 1970). I n  th e  case of th is  species fu r th e r  in v estig a tio n s are 
needed  to  clarify th e  p a th o g e n ic ity  of reoviruses.

The firs t iso la tio n  of reov irus from  sheep has been  rep o rted  recen tly  
(M cF e r r a n  et a l., 1969; M cF e r r a n  e t al., 1973). T he s tra in s , iso la ted  in  N o r th ­
ern  Ire lan d  from  th e  faeces of b o th  c lin ically  n o rm al an d  diseased lam bs, all 
belonged to  ty p e  3 o f  reoviruses. U n til now  no re p o rts  have  been availab le  
on iso lation  of o th e r  ty p e s  of reovirus from  sheep or on th e  p a th o g en ic ity  of 
reoviruses in th is  species.

On th e  basis o f th e  resu lts  p resen ted  here i t  can  be s ta te d  th a t  th e  f irs t 
ty p e  1 reovirus s tra in , iso la ted  from  an  ep idem ic en m asse and  designated  
H / l l ,w a s  capable o f causing  disease in  y oung  lam bs a fte r  an  in cu b a tio n  period 
of 4 to  6 days. T he u p p e r  and  low er re sp ira to ry  a n d  in te s tin a l t ra c ts  w ere 
invo lved  in  th e  ex p e rim en ta lly  in d u ced  disease an d  sim ilar clinical signs 
w ere observed in  th e  fie ld  cases. B ac te ria  could n o t be cu ltiv a ted  from  th e  
d iseased and o th e r p a ren ch y m a l o rgans, a no rm al in te s tin a l b ac te ria l flo ra  
w as found. The a n im a ls  shed th e  v iru s w ith  th e ir  n asa l discharge and  faeces 
an d  gave serological response.

The seriousness o f th e  sym p to m s tvas in fluenced  to  a high e x te n t b y  th e  
in d iv id u a l res is tan ce  o f in fec ted  an im als. L am bs of h igh  v ita li ty  show ed re ­
la tiv e ly  m ild clin ical sy m p to m s. T he sy m p to m s ceased a t  th e  end of th e  th ird  
w eek p .i. On th e  basis  o f fie ld  cases i t  is m ost likely  t h a t  in  anim als of low er 
v i ta l i ty  the  v iru s in fec tio n  can be fa ta l w ith o u t an y  b ac te ria l com plication . 
B u t th e  heavy  losses reco rded  in  th e  tw o large fa rm s w ere due to  v iru s-induced  
processes co m plica ted  b y  secondary  b ac te ria l in v asio n . The clim atic d is tu rb ­
ances, ex trem ely  in ten s iv e , u n n a tu ra l keeping  an d  u n sa tis fac to ry  housing  
experienced in  th e  f ie ld  cases can m ake th e  sy m p to m s m ore serious an d  in ­
fluence th e  disease basica lly  induced  b y  th e  reov irus.

Acknowledgement. T h an k s  are given to  E . TÚRY fo r p re p arin g  th e  h is to patho log ieal 
p rep ara tions.
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S um m ary

L am bs were in fec ted  ex p erim en ta lly  w ith  reov irus s tra in  ty p e  1 ( H / l l )  iso lated  from  
sheep  during  a fie ld  epidem ic. A fter a n  in cu b a tio n  period of 4 to  6 d ay s 0.6 to  0.9°C rise in 
te m p e ra tu re , ocular a n d  nasal discharge, sneezing, dyspnoea and d iarrh o ea  could  be observed 
in  2 to  4-week-old lam b s infected in tra tra c h e a lly  an d  in tran asa lly . E n te r i tis ,  c a ta r rh  o f th e  
u p p e r  airw ays an d  d iffuse in te rstitia l p n e u m o n ia  w ere found in a lam b  killed  8 days p o st 
in fec tion  (p.i.). The sy m p to m s w orsened in  a lam b  of lower v ita lity  a n d  th is  an im al died on day  
11 p .i. N ecropsy rev ea led  en teritis , c a ta r rh  o f th e  u p p e r re sp ira to ry  t r a c t  and  m ultifocal 
c a ta r rh a l pneum onia . C linical signs ceased  in  th e  su rv ivors a t th e  end  o f th e  th ird  w7eek, and  
specific neu tra liz ing  an tib o d ies  in titre s  b e tw een  1 : 64 and 1 : 128 ap p ea red  in th e  convalescent 
sera  aga in st the  H / l l  s tra in . Virus could be re iso la ted  from  th e  nasal a n d  re c ta l sw abs betw een  
4 a n d  9 days p.i. On th e  basis of th e  e x p e rim e n ta l infection  and field  cases i t  is concluded 
th a t  reoviruses p lay  a n  active  role in th e  aetio logy  of resp ira to ry  a n d  in te s tin a l diseases of 
young  lam bs.
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M ost of th e  b o v ine  herpesviruses described  so fa r were iso la ted  from  diseased an im als 
( IB R , bovine m am m ilitis , pseudorabies, m a lig n an t c a ta rrh a l fever). A n an tigen ically  d iffe ren t 
g roup  o f th e  herpesv iruses w ith  n o t c larified  aetio logical significance was iso lated  from  ca ttle  
show ing  d ifferent c lin ical sym ptom s ( B a r t h a  e t al., 1967; S t o r z , 1968; B o d o n  e t al., 1970; 
M o h a n t y  e t al., 1971; S m i t h  et al., 1972; v a n  d e r  M a a t e n  and  B o o t h e ,  1972). L u t h e r  e t al. 
(1971) h av e  recen tly  iso la ted  a herpesv irus from  th e  k idneys of an  a p p a re n tly  h e a lth y  calf follow ­
ing a 29-day-long c u ltiv a tio n  period. L u d w i g  and  S t o r z  (1973) rep o rte d  on th e  a c tiv a tio n  of 
a herpesv iru s from  n o rm al bovine foe ta l sp leen  cells a fte r a pro longed cu ltiv a tio n .

T he p resen t re p o r t  describes th e  iso lation  of h e rpesv irus from  n o rm al 
ca lf k id n ey  cell c u ltu re s  a fte r a re la tiv e ly  sho rt cu ltiv a tio n  period.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (3), pp. 249 — 253 (1974)

M aterials an d  M ethods

M onolayers w ere  p repared  from  th e  k idneys of a tw o m onths old ca lf 
show ing  no clinical signs or lesions. P rim a ry  and  secondary  bovine k id n ey  cell 
cu ltu re s  (BK ) w ere grow n in E ag le ’s B asal M edium  supp lem en ted  w ith  10%  
and  1%  foetal ca lf  serum  for grow ing an d  m ain ten an ce , respective ly . F ix ed  
cells grow n in coverslip  cu ltu res w ere s ta in ed  w ith  h aem alau n -eo sin  or w ith  
acrid ine  orange an d  exam ined  for v ira l inclusions. E lec tro n  m icroscopic o b ­
se rv a tio n s , physicochem ical te s ts  an d  ch a rac te riza tio n  of v ira l nucleic acid  
w ere carried  out as described elsew here ( B é l á k  and  P á l f i , 1974). P laq u e  
fo rm atio n  was o bserved  in P e tri d ishes, using a sem isolid overlay  m ed ium  
consisting  of P a rk e rs ’s M edium  199,5%  fo e ta l ca lf serum  an d  agar or m e th y l- 
cellulose (Tylose, M H  4000, H oechst). The cu ltu res w ere k ep t in a h um ified  
5%  C 0 2 in cu b a to r a t  37°C for six  d ay s, fixed  in  form alin  and  s ta in ed  w ith  
G iem sa s ta in . A n tise ra  were p rep ared  in  ra b b its , chessboard  v iru s  n e u tra liz a tio n  
te s ts  w ere carried  o u t in  te s t tu b es  w ith  th e  following v iruses and  an tise ra : 
IB R , pseudorab ies, bov ine  ad en o v iru s  ty p e  1, equine rh in o p n eu m o n itis  
(E R P ), bovine h e rp es  m am m ilitis  (B H M ) and  bovine herpesv irus M óvár 
33/63. Tw o calves aged  3 m on th s w ere in o cu la ted  in tra tra c h e a lly  (3 m l), on
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to  th e  con ju n c tiv a  (0.2 m l) and in tra n a sa lly  (3 ml) b y  in jec tin g  of a 106'0 
T C ID 50/m l suspension  o f th e  iso late in  its  5 th  passage. R ec ta l tem p era tu res  
w ere ta k e n  daily  a n d  th e  anim als w ere exam ined  clin ically . N asal sw abs 
w ere collected every  second  day  during  a 2-w eek o bserva tion  period.

R esults

Sm all g roups o f ro u n d ed  and re frac tile  cells form ing  p laques were ob ­
served  in  sp o n tan eo u sly  degenera ting  seco n d ary  B K  cu ltu res a fte r an 8-day- 
in c u b a tio n  period. C ow dry  ty p e  A in tra n u c le a r  inclusion bodies were d e tec ted  
in  h a e m a la u n -eo s in -s ta in e d  cells (Fig. 1). T he C PE d isap p eared  in tw o con­
secu tive  b lind  p assages an d  could be observed  again  in  th e  th ird  passage. I t  
ap p ea red  already  on th e  th ird  day  post in o cu la tio n  (p.i.) in  th e  higher passages. 
S ta ined  w ith  ac rid in e  orange, infected cells co n ta ined  yellow -green nuclear 
inclusions, c h a ra c te r is tic  of herpesv iruses. Inco m p le te  v ira l partic les in th e  
nucleus (Fig. 2) a n d  m em brane-lim ited  vacuoles in th e  cy top lasm  (Fig. 3) 
w ere seen in u l tra - th in  sections. In  physicochem ical te s ts  th e  iso late  designated  
B PX /11 proved to  be sensitive to  h e a t, ch loroform , try p s in , p H  3, saponin  
an d  sodium  d eo x y ch o la te  and  i t  could n o t be stab ilized  w ith  b iv a len t cations. 
I ts  rep lica tion  w as in h ib ite d  by  DNA in h ib ito rs . I t  fo rm ed v e ry  sm all p laques

Fig. 1. In tran u c lea r inclusion  bodies, 72 hours p.i. B ovine k idney  cell cu ltu re . H E  sta in , X 300

Ada Veterinaria Academiae Scientiarum Hungaricae 24, 1974



CHARACTERIZATION OF A HERPESVIRUS 251

Fig. 2. Incom plete  p a rtic le s  o f B PX /11 s tra in  in th e  nucleus o f a bovine k id n ey  cell, 72 hours
p.i. U ltra -th in  section, X 39,000

un d er th e  agar, an d  p laq u es  1 to  2 m m  in d iam e te r u n d e r th e  m ethylcellu lose 
overlay . The s tra in  show ed  very  low an tig en ic ity  in  ra b b its . In  serum  n e u tra liz a ­
tion  te s ts  i t  p roved  to  be d is tin c t from  IB R , p seudorab ies, bovine adenov irus 
ty p e  1, E R P , BH M , b u t  serologically  re la ted  to  th e  M óvár 33/63 s tra in . D uring  
the  o bserva tion  perio d  th e  calves show ed no clin ical sym p to m s and  th e  v iru s  
could n o t be re iso la ted .

D iscussion

On th e  basis o f its  physicochem ical and an tigen ic  p ro p ertie s  th e  B PX /11 
iso late  p roved  to  be d iffe ren t from  th e  v iruses of in fec tious rh in o trach e itis  
and  bovine herpes m am m ilitis  and to  belong to  th e  bov ine  herpesv irus ty p e  
rep resen ted  by  th e  M óvár 33/63 s tra in . The B P X /11  s tra in  was iso lated  from  
cell cu ltu res p rep ared  fro m  th e  k idneys of an a p p a re n tly  h e a lth y  calf. Iso la tion
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F ig. 3. Free incom plete p a rtic le s  o f th e  B P X /11  s tra in  in th e  nucleus and  com plete  virions in 
v acuo les in th e  cy top lasm . U ltra - th in  section  o f a bovine k id n ey  cell 72 hours p .i. X 28,000

o f a bovine h e rpesv irus w ith  sim ilar p ro p ertie s  from  an a p p a re n tly  h ea lth y  
c a lf  w as rep o rted  on ly  b y  L u t h e r  e t al. (1971), follow ing a 29-day-long 
cu ltiv a tio n . The B P X /11  s tra in  p ro d u ced  C PE in its  f irs t passage on the  8 th  
d a y , in la te r  passages 48 to  72 hours p .i. E x p erim en ts  on a lim ited  num ber 
o f anim als ind ica ted  th a t  it  w as n o t pa thogen ic  for calves, a lth o u g h  th e  con­
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d itio n s  caused b y  th is  la te n t  v iru s  m ay  be d ifferen t in large c a ttle  pop u la tio n s. 
The new  isolate show ed low a n tig e n ic ity  in rab b its . T hese find ings p resen t 
fu r th e r  in fo rm atio n  on th e  p resence of la te n t  herpesv iruses in  a p p a re n tly  
n o rm al organs.

Sum m ary

Iso la tion  of a v iru s from  sp o n tan eo u sly  d eg enerated  tissue cu ltu re  o f bovine k idney  
origin is reported . The iso late  rep re sen ts  a  herpesv iru s on th e  basis o f i ts  physicochem ical, 
m orpholog ical and biological p ro p erties . Serologically  it is re la ted  to  th e  M óvár 33/63 s tra in  of 
bovine  herpesvirus. In  e x p erim en ta l in fec tion  no p a th o g en ic ity  was o b served . The fa c t of 
iso la tion  p resen ts fu r th e r  in fo rm a tio n  th a t  a p p a re n tly  n o rm al calves can  c a rry  herpesv iruses.
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(R eceived J a n u a ry  21, 1974)

The u ltra s tru c tu re  of th e  visceral tu m o u rs an d  p e rip h era l nerve lesions in  field  cases 
o f M arek’s disease has been described ( O k a d a , 1970: O k a d a  and F u j i m o t o , 1971; W i g h t , 
1969), b u t  little  is know n  of th e  early  lesions and th e ir  fine  s tru c tu re  in th e  acu te  form  of MD.

In  th e  course o f our s tu d y  on th e  h istogenesis o f acu te  MD, som e of th e  early  lesions 
were exam ined  w ith  e lectron  m icroscope. In  th e  p re se n t p ap er th e  cy tom orphology  of the  
tu m o u rs and lesions is described . T he resu lts confirm  ou r earlier o b se rv atio n s ( K a r d e v á n  
e t al., 1973) th a t  th e  ly m p h o id  cells, which form  th e  tu m o u r lesions in  acu te  MD are cy to - 
m orphologically  un ifo rm  an d  ch arac te ris tic  for th e  tu m o u r cells.

M aterials and M ethods

O ne-day-o ld  chicks w ere in fected  in tra p e rito n e a lly  w ith  a v iru s  s tra in , 
ob ta in ed  from  th e  V e te rin a ry  M edical R esearch  In s t i tu te ,  H u n g arian  A cadem y 
of Sciences, B u d ap est. T he s tra in  had  been iso la ted  from  acu te  MD. T he v iru s- 
in o cu la ted  chicks w ere k illed  21, 26 and 33 d ay s  a fte r in fection  and  p o rtio n s  
of fresh tissues show ing lesions of MD were rem oved  from  h e a rt, liver, k id n ey , 
spleen, ovary , b u rsa  of F ab ric iu s and p e rip h e ra l nerves. F o r com parison , 
tissue frag m en ts  w ere collected from  a fresh ly -k illed  con tro l chick, k e p t sep ­
a ra te ly  in  an  iso la to r.

T issue specim ens were fixed  in bu ffe red  osm ium  te tro x id e  (P a llad e), 
d eh y d ra ted  in  e th an o l an d  em bedded  in D u rc u p a n . U ltra -th in  sections w ere 
cu t w ith  R e ich ert u ltram ic ro to m e  and e lec tro n  m icrographs w ere p rep a red  
w ith  a Tesla BS ty p e  613 e lectron  m icroscope.

Results

The visceral tu m o u rs  varied  in size, b u t  in  general th e y  were sm all, 
nod u la r, w h itish  an d  ap p eared  hom ogeneous on th e ir  cu t surface. T hey  co n ­
sisted  of lym pho id  cells an d  th e  cy tom orpho logy  of th e  tu m o u r cells in d iffe ren t 
organs w as n ea rly  th e  sam e.
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Fig. 1. L ym phoid  cells in th e  ovary  tu m o u r lesion: no te  th e  in tran u c lea r herpes v iru s p a rtic les
(arrow) X 9260

The ly m p h o id  cells were of v a ria b le  size and  large. B u t th e  general 
ap p earan ce  of all th e  tu m o u r cells w as n ea rly  the  sam e and  th e y  d iffered  
on ly  little  in shape  and  m orphology . In  th e  tu m o u rs , th e  p ro life ra ted  cells 
w ere very  close to  each o th e r an d  on ly  l i t t le  or no in te rce llu la r su b stan ce  were 
observed  (Fig. 1).

The tu m o u r cells were alm ost ro u n d  or oval, som etim es s ligh tly  po ly g ­
onal in shape. T he h yalop lasm  w as less e lectrondense. In  th e  cy to p lasm  only 
few m itoch o n d ria  w ere observed , w hich  w ere d is tr ib u te d  in sm all g roups and 
u sua lly  loca ted  a t  one pole o f th e  tu m o u r  cell (Figs 2, 8).

M itochondria  in th e  young  tu m o u r  cells were un iform  and  large , b u t in 
th o se  show ing pronounced  nu c lea r lesions, some larger m ito ch o n d ria  were 
also observed (Fig. 6). The Golgi a p p a ra tu s  in th e  tu m o u r cells w as sm all
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Fig. 2. L ym phoid  cells w ith  few m ito ch o n d ria , lig h t endoplasm ic re ticu lu m  and  poor c y to ­
p lasm ic cell o rganelles in liver lesion X9260

and  poor. I t  was m ade up  of only l i ttle  lam ella r m em branes w ith  fla t vesicle 
(F ig . 8). The rough an d  sm ooth  endoplasm ic re ticu lu m  w as only sca tte red  
here  and  there , and  th e  g rea te r p a r t  of th e  ribosom es were e ith e r  free or evenly  
d ispersed . Som etim es th e y  w ere c lu ste red  in sm all g roups (Figs 2, 8, 9).

T he nucleus o f th e  tu m o u r cells was round  or oval, and , in  general, 
la rg e r th a n  the  no rm al nucleus. T he ra tio  of the  nucleus to  th e  cy top lasm  was 
ra ised . The g rea te r p a r t  o f th e  n u c lea r  ch ro m atin  was o ften  ad h ered  w ith  th e  
n u c lea r  m em brane, fo rm ing  a d a rk  clum p n ear th e  n uc lear b o rd e r (Figs 1, 2.).

In  th e  cen tre  of som e of th e  nuclei a clear zone w as observed , and  in 
th e  nucleus ch rom ocen trom es, re m n a n ts  of the  dense, co m p act, aggregated  
chrom osom es were often  d ispersed (F ig. 2).

In  o ther occasions, d is in teg ra tio n  of th e  nuclei and  n u c lea r m em branes
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Fig. 3. Severe condensed  d a rk  ch ro m atin  m ate ria l m aking  a d a rk  ring  along the  nuclear 
m em b ran e  of an  ovarian  tu m o u r cell X 19,800

w ere observed (F ig. 4). E a r ly  signs of nu c lea r d is in teg ra tio n  were often  seen ’ 
w ith  severe condensed  d a rk  ch rom atin  m a te ria l fo rm ing  a d a rk  ring  along th e  
n u c lea r m em brane (F ig . 3).

Very often , n u c le a r  in v ag in a tio n  an d  év ag in a tio n , one or several in 
n u m b er was observed , re su ltin g  in a d efo rm atio n  of th e  nucleus (Figs 6, 7).

The in v ag in a ted  p o rtio n  of th e  nucleus often  co n ta in ed  cy top lasm ic 
organelles (Fig. 5).

The nucleolus in  th e  m ost of th e  tu m o u r cells w as large, p ro m in en t, 
eleetrondense and  hom ogeneous (Figs 2, 4, 9).
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Fig. 4. T u m o u r cells in  th e  liver show ing d is in teg ra tio n  of th e  nucleus and  the  nuclear m em ­
bran e  X 9260

D iscussion

The resu lts  o f ou r investig a tio n s w ith  lig h t ( K a r d e v a n  e t ah , 1973) an d  
electron  m icroscope suggest th a t  th e  lesions of th e  MD w ere form ed by  ly m p h ­
oid cells. S im ilar re su lts  were pub lished  by  D o a k  et al. (1973), a fte r ou r 
w ork h ad  been co m p le ted  and  th e  u ltra s tru c tu re  of th e  v iscera l lesions in MD 
has been th e  su b je c t of few o th e r p u b lica tio n s  (O k a d a , 1970; M l a d e n o y  

et ah , 1972). O ur m a te ria ls  for th is  s tu d y  w ere collected from  co m p ara tiv e ly  
early  lesions of ex p e rim en ta lly  p roduced  MD. In  th is  and  th e  previous re p o rts  
i t  was show n th a t  th e  tu m o u r lesions in MD w ere form ed by  lym phoid  cells, 
im m atu re  and  u n d iffe re n tia ted  in ch a ra c te r . The tu m o u r cells varied  signif- 
ican tly  in  m orpho logy  from  norm al ly m p h o cy tes . T hey  w ere poor in c y to ­
plasm ic cell o rganelles and  m an y  of th em  show ed nu c lear in v ag ina tion  an d  
évag ination .
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F ig . 5. Nucleus o f a tu m o u r cell in  k id n ey  show ing  invag ina tion  an d  pocket fo rm atio n ; no te  
th e  cy top lasm ic cell o rganelles X 19,800

In th e  p re sen t w ork, th e  u l t r a s t ru c tu re  of norm al ly m p h o cy tes  w as not 
in v e s tig a te d  se p a ra te ly . The u ltra s tru c tu re  of th e  tu m o u r cells was com pared  
w ith  th a t  of th e  n o rm a l lym phocy tes as described b y  o th e rs  (Ma x w e l l  and  
T r e j o , 1970). T he lym p h o id  cells in  th e  tu m o u r  lesions in  MD were la rg e r th a n  
th e  norm al ly m p h o cy tes . The cy to p lasm  of th e  tu m o u r cells was poor in cell 
organelles an d  th e  yo u n g er ones c o n ta in e d  excess m ito ch o n d ria  in accordance 
w ith  earlier find ings (O k a d a , 1970; M l a d e n o v  et al., 1972). The im m atu re  
ly m p h o id  cells in  MD had  a m orpho log ica l s tru c tu re  an d  appearence  ty p ica l 
a n d  ch arac te ris tic  of tu m o u r cells (A c h o n g  and E p s t e i n , 1966; A n d e r s o n , 
1966; M il l a r  e t a l., 1969) w ith  a c h a ra c te ris tic  change in  th e  sh ap e  of the  
nucleus.

The ch ro m atin  substance  in th e  tu m o u r  cells was loose and  s ligh tly  d is­
p ersed . T here w ere ch a rac te ris tic  in v a g in a tiv e  and ev ag in a tiv e  changes, pock-
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Fig. 6. N ucleus o f  an  o v a rian  tu m o u r cell w ith  several in v ag in a tio n s , év ag in atio n s and
u n ip o la r m itochondria  X 19,800

e t fo rm ation  and  sim ilar o th e r changes in the  form  an d  shape of th e  nucleus. 
H ow ever, some of th e  o th e r changes in th e  m orpho logy  of th e  nucleus, viz. 
nuclear blehs, ear p ro tru s io n  and  m u ltivesicu la r n u c lea r fo rm atio n s described  
in  spon taneous cases of MD (M l a d e n o v  et al., 1972) w ere n o t observed  in 
the early  lesions.

In  one case in tra n u c le a r  h e rpesv irus partic les w ere observed  in the  o v ary  
tu m o u r lesions of MD ( K a r d e v á n  e t al., 1973; T h a k u r , 1973). These v iru s  
partic les were n aked  an d  incom plete  (Fig. 10).
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F ig . 7. T um our cell in  th e  k id n ey  show ing nu c lear in v ag in a tio n s an d  p o o r cy top lasm ic cell
o rganelles X 19,800
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Fig. 8. T um our cell in th e  liver showing poor Golgi a p p a ra tu s , little  lam ellar m em brane w ith
f la t vesicle x  9260
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F ig. 9. L iver tu m o u r cell w ith  large, d a rk  and  electron-dense nucleolus X 19,800
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F is. 10. N aked  incom plete  herpesv irus p a rtic les  in th e  nucleus o f an  ovarian  tu m o u r cell
X 80,400
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Sum m ary

E arly  gross tu m o u rs  an d  lesions p roduced  in  chicks a fte r ex p erim en ta l infection  w ith  a 
v iru s  iso lated  from  a cu te  M arek’s disease (M D /7/1970) were ex am ined  w ith  electron  m ic ro ­
scope. T he cy tom orpho logy  of th e  tu m o u r cells o f ly m pho id  c h a ra c te r  are described. T he 
tu m o u r  cells were poor in  cy top lasm ic  cell o rganelles and  often  h ad  ch arac te ris tic  n u c lear 
in v ag in a tio n  and év ag in a tio n . T hey  had  a ty p ic a l m orphology  ch arac te ris tic  of tu m o u r cells.
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The h istogenesis o f  M arek’s disease (M D ) has been described b y  several au tho rs ( P a y n e  
an d  B i g g s , 1967; O k a d a  a n d  F u j i m o t o , 1971; K a r d e v á n  e t a h ,  1973: S z é k y  and V á n y i , 1973).

In  the p resen t p a p e r  we describe o b se rv a tio n s  w ith  e lectron  m icroscope on th e  h is to ­
genesis of the  lesions. T h e  cyto inorphology o f  th e  ly m p h o id  cells, w hich  form  the  m ain tu m o u r 
lesions in  acute M D, h a s  been  described in th e  acco m pany ing  p ap er ( T h a k u r , 1974). F u r th e r ­
m ore, we have show n ( K a r d e v á n  et ah, 1973) th a t  th e  in itia l cell p ro life ra tio n  which leads to  
tu m o u r form ation  in  a c u te  MD, s ta rts  from  th e  walls o f sm all b lood  vessels (u n d ifferen tia ted  
m esenchym al tissues) in  th e  visceral and p e rip h e ra l nerve  tissues. T he p resen t investiga tion  
a t  th e  u ltra s tru c tu ra l leve l confirm s our p rev io u s find ing .

Materials an f Methods

These were th e  sam e as described  in  th e  prev ious p ap er. Sem i-thin sec­
tio n s  were sta in ed  w ith  toluidine b lu e .

Results

In  order to  s tu d y  th e  histogenesis of th e  MD lesions a t  th e  u ltra s tru c tu ra l 
level, we observed especia lly  th e  w alls o f sm all blood vessels, p a rticu la rly  th e  
a d v e n titia l cells. O n th e  basis of our p rev io u s re su lts  ( K a r d e v á n  et al., 1973), 
o b ta in ed  w ith lig h t m icroscopy, th is  s ite  w as considered  to  be th e  area of th e  
in itia l p ro lifera tion  a f te r  infection w ith  th e  MD v irus.

The results h a v e  confirm ed th e  above  o b se rv a tio n . T he cell p ro lifera tion  
w as alw ays in re la tio n  to , and seem ed to  s ta r t  from  th e  w alls of th e  ad jacen t 
sm all blood vessels, irresp ec tiv e  of th e  o rgan  in w hich th e  tu m o u r was growing. 
T he pro lifera ted  ly m p h o id  cells were in  connection  w ith , an d  p ro life ra ted  from  
th e  w alls of the sm all blood vessels (F igs 2, 3, 4). The no rm al position  and  re ­
la tio n  of the  a d v e n tit ia l  cell in liver a re  show n in  Fig. 1.

The cell p ro life ra tio n  s ta rted  in itia lly  from  th e  pe riv ascu la r areas (Figs 
5, 6) and  an in f il tra tiv e  expansion o f th e se  cells fin a lly  led  to  th e  fo rm ation
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F ig . 1. N orm al position  of th e  a d v e n titia l  cell in th e  perivascu lar space in  liver X9260

of tu m o u r. The resu ltin g  tu m o u rs , especially  those in th e  v iscera l o rgans, are 
v is ib le  to  th e  n ak ed  eye.

In  periphera l nerves tw o ty p e s  o f lesions were observed : one ap p ea red  
to  be th ickened  grossly  and show ed h eavy  in f iltra tio n  of lym pho id  cells 
m icroscopically , and  a n o th e r  ty p e  th a t  showed n e ith er gross th ick en in g  nor 
a n y  sign ifican t cell p ro life ra tion .

In  th e  f irs t ty p e  of the  p e rip h e ra l nerve  lesions lym p h o id  cells w ere ob ­
se rv ed , sim ilar to  tho se  seen in th e  v iscera l organs (Figs 7, 8, 9) and  th e  cell 
p ro life ra tio n , being p e riv a scu la r in n a tu re , was in good re la tio n  w ith  th e  blood 
vessel walls (Fig. 9).

The second ty p e  of nerve  lesion w as characterized  by  vacuoles in th e  
m yelin  sheath  (Figs 11. 12). T hese p ro b ab ly  ind ica te  an in ju ry  to  th e  o u te r
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Fig. 2. L ym pho id  cell proliferation  in th e  p e riv ascu la r a rea  in a k idney  lesion X9260

m em brane of th e  S ch w an n  cells. T his is observed  well in  com parison w ith  th e  
no rm al p ictu re  o f th e  nerve in the  co n tro l b ird  (F ig . 10).

Discussion

The presen t in v estig a tio n  confirm s our lig h t m icroscopic find ings con­
cern ing  th e  h istogenesis of the MD lesion ( K a r d e v á n  e t al., 1973). I t  u n i­
form ly shows th a t  th e  in itia l p ro life ra tio n  in MD is p eriv ascu la r in n a tu re . 
The perivascu lar cell in filtra tio n  s ta r ts  from  th e  w alls of sm all blood vessels, 
as a p ro lifera tion  o f  m u ltip o ten t m esenchym al cells, viz. a d v e n titia l cells.

Lesions in th e  p erip h era l nerve in  MD h av e  been  described  in d e ta il and  
classified in to  v a rio u s  ty p e s  like A, B ,  and  C ( P a y n e  an d  B ig g s , 1967), ty p es 
I, I I ,  I I I  (W ig h t , 1969), T 15 T 2 an d  В ty p es (O k a d a  and  F u j i m o t o , 1971).
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Fig. 3. P e riv ascu lar ly m pho id  cell p ro life ra tio n  in a tu m o u r lesion of liver X9260

T hese lesions w ere described  and  classified on th e  hasis of th e  ce llu la r p ro ­
life ra tio n  and  th e  lesions observed  in  various stages of th e  disease.

The T j ty p e  of p e rip h era l lesion w as ch a rac terized  as p ro life ra tio n  of 
un ifo rm  sm all ly m p h o id  cells, w hereas th e  ty p e  T 2 lesion was described  as 
consisting  of p leom orph ic  cells, like sm all, m edium  and  large ly m p h o id  cell 
p o p u la tio n  w ith  few re ticu lu m  cells. T he ty p e  R  lesions were describ ed  as in ­
f i ltra tio n  by  sm all ly m phocy tes, p lasm a cells, freq u en tly  accom pan ied  by  
oedem a and p ro life ra tio n  of Schw ann cells (O k a d a  and F u j i m o t o , 1971).

The resu lts o f th e  p resen t in v es tig a tio n  on th e  h istogenesis o f th e  early  
lesions in acu te  MD in d ica te  th a t  th e  lesions are  p roduced  as a re su lt of a chain 
reac tio n  in w hich in filtra tio n  and  p ro life ra tio n  of lym phoid  cells are  c h a ra c te r­
is tic . B o th  ty p es of cellu lar reac tio n s, T t an d  T„ ty p es  m ay be observed  de­
p en d in g  on th e  v a rio u s stages o f th e  disease. T hus th e  cellu lar reac tio n s in
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Fig. 4. P erivascu lar ly m p h o id  cell p ro liferation  w ith  un ip o la r aggregation  of m itochondria  i n
liver X 9260

MD, b o th  Tj and T 2 ty p e s , either to g e th e r  or sep a ra te ly , can  he observed, 
and  th is  reaction  is re g a rd e d  here as c h a ra c te ris tic  o f acu te  MD.

T he R type  lesions ( O k a d a  and F u j i m o t o , 1971), on th e  o th e r h and  m ay 
rep re sen t a chain re a c tio n , which is p ro d u ced  as a reac tiv e  in flam m atio n  in  
th e  p e rip h era l nerve; i t  follows the in it ia l  reac tion  an d  ap p ears  a fte r  a severe 
regressive change in th e  nerve. This p e rh ap s  in d ica tes  an  in ju ry  to  th e  ou te r 
m em b ran e  of the  Schw a n n  cells, the  m yelin  sh ea th  (d em y elin a tio n ). H ow ever, 
in th e  early  lesions o f  periphera l n e rv es , we failed  to  observe p lasm a cell 
in f iltra tio n .

T his in v estig a tio n  fu rth e r suggests th a t  th e  h istogenesis and  n a tu re  
of MD lesions in th e  v isce ra l organs a n d  p e rip h era l nerves are in itia lly  the  
sam e. T he in itia l cell p ro life ra tions w ere alw ays observed  in  re la tio n  w ith , and 
s ta r tin g  from  the  co n n ec tiv e  tissues, s i tu a te d  in  th e  w alls o f th e  sm all blood

5 Acta Veterinaria Acadcmiae Scientiarum Hungaricae 24 :1974



272 THAKUR

F ig . 5. Perivascu lar ly m p h o id  cell p ro life ra tio n  in liver. S em i-th in  section , to lu id ine  blue
s ta in  x 9 0 0

vessels b o th  in th e  v iscera l an d  p e rip h era l nerve lesions. In  th e  p erip h era l 
n e rv e  also the  in itia l p ro life ra tio n  w as observed from  th e  walls of th e  sm all 
b lood vessels s i tu a te d  in  th e  en d o n eu ra l, ep ineural and  p e rin eu ra l connective  
tissues. Som etim es on ly  v a c u o la tio n  was observed in  th e  m yelin  sh ea th  o f  
nerves showing no m ark ed  lesions like cellu lar in f iltra tio n s  of th e  lym phoid  
cells.

The o ther changes in th e  p e rip h e ra l nerves in M D, like early  ac tiv a tio n  
o f Schw ann cells, ly m p h o b la s ts , an d  varied  m orphological changes in shape  
an d  size of th e  nucleus in  tu m o u r  cells were in  co n fo rm ity  w ith  th e  earlier o b ­
se rva tions (W i g h t , 1969; O k a d a  an d  F u j i m o t o , 1971). H ow ever, v irus p a r ­
tic les were no t observed  in  th e  lesions of th e  p e rip h era l nerve .

Acknouledgem ents. T he a u th o r  is th a n k fu l to  Prof. D r. A. K a r d e v á n  for his c o n s ta n t 
encouragem en t and help  in ca rry in g  o u t  th is  w ork. T hanks are also due to Mrs. Gy. P e t h i .s , 
tech n ic ian , for th e  e lectron  m ic ro g rap h s an d  preparing  th e  p h o to g rap h s .
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Fig. 6. Perivascu lar p ro life ra tio n  of pleom orphic, ly m p h o id  cells in a liver lesion. S em i-th in
section , toluidine b lue  s ta in  X 900
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F ig . 7. P ro lifera tion  of ly m pho id  cells (p leom orphic) in a peripheral nerve lesion. Sem i-th in
section, to lu id in e  blue s ta in  X 900
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Fig. 8. P ro lifera tion  of lym phoid  cells in a pe rip h eral nerve lesion in MD X9260
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F ig. 9. Perivascu lar p ro life ra tio n  of ly m p h o id  cells in a peripheral nerve  in MD X 9260
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F ig . 10. U ltras tru c tu re  o f  a norm al p e r ip h e ra l nerve in th e  co n tro l ch ick  X 39,000
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Fig. 11. Vacuoles in th e  m y elin  sh ea th  of a peripheral nerve lesion  in MD w ithou t cellu lar
pro liferation  X9260
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Fig. 12. V acu o la tio n  in m yelin  sh e a th  in a peripheral nerve lesion X 19,800
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S um m ary

An electron m icroscope s tu d y  on th e  h istogenesis of th e  early  lesions in acu te  M arek’s 
disease (MD) has confirm ed  o u r p revious resu lts  o b ta in ed  by lig h t m icroscopy. The cell p ro lif­
e ra tio n s  were p e riv a scu la r  in n a tu re  and were observed  to  s ta r t  from  th e  walls o f sm all blood 
vessels, in itially  as a p ro life ra tio n  of m u ltip o te n t m esenchym al cells, th e  a d v en titia l cells. 
In f iltra tio n  by, and  p ro life ra tio n  of p leom orphic  lym pho id  cells are  ch arac te ris tic  fea tu res  
lead ing  to  tu m o u r fo rm atio n  in MD. The cell p ro life ra tio n s in th e  v iscera l organs and those  in 
th e  peripheral nerves w ere s im ilar in n a tu re .
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CHARACTERIZATION OF AN OVINE STRAIN 
OF PARAINFLUENZA-3 VIRUS ISOLATED FROM 

SHEEP SHOWING RESPIRATORY DISEASE
By

S .  B é l á k  and V .  P á l f i

D e p artm en t o f E pizootio logy  (H ead: P rof. J .  Mészá r o s), U n iv ersity  o f V e te rin a ry  
Science an d  th e  C entra l V eterin ary  In s t i tu te  (H ead : A. Ványi), B udapest

(R eceived April 20, 1974)

The f irs t iso la tions o f ovine parain fluenza-3  (P I-3 )  v iru s s tra in s  were rep o rted  by  H o re  
(1966) in th e  U .K . an d  by  D it c h f ie l d  (1966) in C an ad a . Iso la tions have been also m ad e  in 
A ustra lia  (St. Ge o r g e , 1969), in  B ulgaria  (H a r a l a m b iev  e t  ah , 1969), in New Z ealand  
(Ca rter  and  H u n t e r , 1970) and  in th e  U SA  (P arks  c t  a l., 1972).

This re p o rt is concerned w ith  th e  c h a ra c te riz a tio n  of a P I-3  v iru s iso la te d  
from  H u n g a rian  sheep show ing re sp ira to ry  d isease.

Material and Methods

T en m erino sheep, aged 4 m on ths w ere tra n sp o r te d  to  our In s t i tu te  for 
ex p erim en ta l p u rpose . On th e  d ay  of a rr iv a l n asa l d ischarge, sneezing an d  
acce lera ted  re sp ira tio n  could be observed  in  th e  an im als. The sheep show ed 
these  m ild  clin ical sym ptom s fo r 8 days. T he b o d y  te m p e ra tu re  was b y  0 .5 — 1 °C 
higher during  th is  period , th a n  a fte r  ceasing o f th e  sym ptom s. N asal sw abs 
were ta k e n  da ily  fo r 14 days. Sera were co llec ted  on th e  d ay  of a rr iv a l an d  
tw o w eeks la te r .

The v iru s iso la tio n  w as a tte m p te d  from  th e  n asa l sw abs using  seco n d ary  
ovine foeta l k id n ey  (O FK ) cell cu ltu res. T he cells w ere grow n in E ag le’s M ini­
m al E ssen tia l M edium  (MEM, Difco) w ith  la c ta lb u m in  h y d ro ly sa te  (0 .5% ) 
and foetal ca lf serum  (15% ). E arle  so lu tion  (D ifco) was used as m a in ten an ce  
m edium . Physicochem ical p roperties and  th e  ty p e  of v iral nucleic acid w ere in ­
v es tig a ted  b y  th e  m e th o d  described  before ( B é l á k  and  PÁLFI, 1974). P la q u e  
fo rm atio n  w as observed  in  P e tr i d ishes u n d e r ag a r or m ethylcellu lose (Tylose, 
M H-4000, H oechst) overlays in 5%  CO., m illieu a t 37 C°. Id e n tif ic a tio n  of 
th e  iso late  w as a tte m p te d  b y  th e  m eans o f h aem ad so rp tio n , h aem ag g lu tin a tio n  
(H A ), h aem ag g lu tin a tio n  in h ib itio n  (H I) an d  serum  n eu tra liza tio n  (SN) te s ts  
using specific a n tise ra  p repared  in ra b b its  a g a in s t the  UM EA stra in  o f P I-3  
v iruses and  ag a in s t th e  new  iso late . A n tise ra  w ere p roduced  by  in tra v e n o u s  
inocu la tion  of ra b b its  a t w eekly in te rv a ls  fo r 4 w eeks w ith  1 ml of v iru s  sus-
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pension  (10~6 T C ID -0/m l) and  bled tw o  w eeks a fte r th e  fina l in jec tion . G uinea 
p ig  e ry th ro c y te s  w ere used  in h a e m ad so rp tio n , H A  and  H I te s ts . Serological 
m e th o d s  w ere ca rried  o u t as described  elsew here ( B é l á k  and  P Á l f i , 1974).

R esu lts

A v ira l a g e n t w as recovered  from  seven  of th e  sheep. I t  could be iso la ted  
from  th e  n asa l sw abs collected  on th e  1— 6 th  days a fte r  a rriva l. R efrac tile  and

F ig. 1. L arge sy n titiu m  and  in tracy to p lasm ic  inclusion  bodies. Ovine foetal k id n ey  c u ltu re ,
72 hours p .i. H .E . s ta in , 300 X

e lo n g a ted  g roups of cells were seen b y  n a tiv e  exam ina tion  on th e  th ird  day  
p .i. in  th e  second passage  of in ocu la ted  cell cu ltu res. E osinophylic in tr a c y to ­
p lasm ic  inclusion  bodies were found  in  h aem a lau n -eo sin -s ta in ed  p re p a ra tio n s  
c h a ra c te ris tic  o f P I-3  v iruses ( D e i b e l  an d  H o t c h i n , 1961). Large sy n tit ia  
fo rm a tio n  w as also observed  (Fig. 1). In  fu r th e r  passages sy n titia  w ere seen 
co n ta in in g  m ore th a n  40 — 50 nuclei. In  physicochem ical te s ts  th e  iso la te  de­
s ig n a ted  H O B/11 p ro v ed  to  be h ea t-lab ile  a t  56 C°, no t stab ilized  in  th e  p res­
ence of b iv a le n t ca tio n s, sensitive to  lip id  so lven ts, pH  3, sodium  deoxy ch o la te  
an d  saponin  (T able I).
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Table I

E ffect of physicochem ical tre a tm e n ts  on th e  in fec tiv itv  t it re  o f th e  HO B/11 v iru s

Type of exposure
Infectivity titre  

Pre

l°gioTC ID 50ml)

Post

56°C 30 min 7.0 1.25
50°C 60 m in in distilled w ater 7.0 4.50
50°C 60 m in in M MgCL 7.0 1.75
20%  Chloroform 16 hours 4°C 7.0 < 1 .0
0,125%  T rypsin  30 m in 37°C 7.0 1.75

Saponin 7.0 < 1 .0

Sodium  deoxycholate 7.0 < 1 .0

pH  3 30 m in 37°C 7.0 < 1 .0

The rep lica tio n  of th e  H O B /11 iso la te  and  th a t  of th e  know n P I-3  v iru s 
(U M EA ) was n o t inh ib ited  in  th e  presence o f 50 pg/m l IU d R , while i t  w as 
red u ced  in  th e  case of th e  v iru s o f A u jeszk y ’s disease (K F/61 s tra in )  (Table I I ) .

Table II

B ehaviour of HO B/11 iso late and  know n RN A  and  D N A  

viruses in  th e  presence of IU dR

Virus strains
Virus titre  (log10TCID50mI)

IU dR Control

HOB/11 7.0 7.0

UMEA 6.25 6.50

KF/61 < 1 . 0 5.75

P laques o f an  average d iam e te r  o f one m illim eter w ere observed  un d er 
b o th  overlays.

H aem ad so rp tio n  te s ts  w ere p o sitiv e  on m onolayers in o cu la ted  w ith  th e  
H O B /11 s tra in . T he v iru s flu id  o f th e se  O F K  cu ltu res a g g lu tin a te d  th e  guinea 
p ig  e ry th ro cy te s  a t  a t i tre  of 1 : 64. H A  t i tr e s  were 1 : 16 w hen  th e  v iru s w as 
p ro p a g a te d  in bov ine  k idney  (B K ) cu ltu res . T he H I t i t r e s  w ere < / 1 : 10 in  
th e  sera  of th e  diseased an im als on th e  d a y  of a rriva l. In  th e  convalescen t 
sera  1 : 32— 1 : 64 t i tre s  were fo und , one an im a l h ad  a t i t r e  o f 1 : 128.

A close re la tio n  was found  be tw een  th e  HOB/11 iso la te  an d  th e  U M EA  
s tra in  w hen read in g  th e  re su lts  o f th e  H I  an d  SN te s ts  (T able I I I ) .
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Table III

R esult of H I and  SN tes ts

Sera

Viruses HOB/11 UMEA

H I titre SN titre H I titre SN titre

HOB/11 1024 256 512 512

UMEA 256 256 1024 512

D iscussion

The cytological changes observed in  th e  in fec ted  cu ltu re s  were c o m p ar­
ab le  w ith  those d esc rib ed  for th e  P I-3  v iruses. N o t on ly  in tracy to p la sm ic  in ­
clusion  bodies w ere o b se rv ed , b u t also a v e ry  s tro n g  te n d e n c y  in  inocu la ted  cu l­
tu re s  for form ing h u g e  sy n titia . In  th e  physicochem ical te s ts  th e  HOB/11 
s tra in  proved to  be sen s itiv e  to  chloroform , in d ica tin g  th e  presence of a lip o ­
p ro te in  envelope. I t s  fu r th e r  ch a rac teris tic s  an d  th e  ty p e  of nucleic acid 
suggest th a t  the  H O B /11 iso late  rep resen ts a p a ram y x o v iru s . In  the  serological 
te s ts  it  proved to  be re la te d  to  the  UM EA s tra in  of P I-3  v iruses. The HOB/11 
s tra in  readily  re p lic a te d  n o t only in O F K  cells, b u t also in  BK cultures. I t  is 
n o tew o rth y , th a t  s im ila r  in fec tiv ity  t i tre s  w ere fo u n d  in  b o th  ty p es of cell 
cu ltu res , b u t th e  H A  ti t r e s  w ere alw ays h igher in  th e  tissu es  of sheep origin. 
I t  seem s to  be n ecessa ry  to  s tu d y  th e  fu r th e r  d ifferences or sim ilarities betw een  
th e  sheep isolate a n d  P I-3  v iruses of bovine origin.

The HOB/11 s tr a in  w as iso lated  from  sheep show ing  m ild re sp ira to ry  
sym ptom s. On the  basis  o f th e  sign ifican t rise of specific an tib o d ies  d u rin g  th e  
convalescen t period  i t  seem s to  be p resum ab le  th a t  th e  iso la ted  s tra in  p lay ed  
an  etiological role in  in d ic a tin g  these sym ptom s. A round  th e  d a te  of tr a n s p o r ta ­
tio n  a mild re sp ira to ry  disease occurred also in th e  fa rm  from  w hich the  an im als 
o rig inated .

Considering th a t  H o r e  and  S t e v e n s o n  (1967, 1969) and  S t . G e o r g e  

and  K ie f m a n  (1972) a lread y  repo rted  on th e  ca u sa tiv e  role of ovine P I-3  
v iru ses in v iral p n eu m o n ia s  of sheep, we also a tta c h  im p o rtan ce  to  in v es tig a te  
th e  pa thogen ic ity  o f th e  new  isolate in lam bs, as well as to  s tu d y  the  serological 
d is tr ib u tio n  of P I-3  v iru se s  in the  local sheep p o p u la tio n s . T his work seem s to  
be necessary  to  be  done  because in  a p rev ious su rv ey  we have found  th a t  
52 .8%  out of 377 ex am in ed  sheep sera h ad  h igher th a n  1 : 16 H I  t i t re s  
ag a in st the H O B /11 iso la te .

F a y e  and  C h a r t o n  (1967) rep o rted  pneum onic  lesions in  lam bs in fec ted  
w ith  a bovine P I-3  v iru s . S t e v e n s o n  an d  H o r e  (1970) have  found in  th e ir
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experim en ts t h a t  calves were su scep tib le  to  an  ovine P I-3  v iru s, and la m b s  
also to  a P I-3  v iru s  of bovine orig in . In  th e  tim e  of iso lation  of the  H O B /11 
s tra in  from  sheep , severe epidem ics occurred  in  th is  co u n try  also am ong c a ttle  
popu la tions m o st lik e ly  due to  P I-3  v iruses. A ccord ing  to  these find ings th e  
possib ility  of th e  n a tu ra l  tran sm issio n  betw een  th e  tw o species can n o t be 
excluded.

Summary

A virus s tra in  w as isolated from  th e  nasal sw abs o f 4 m o n th s  old m erino sheep show ing 
a m ild resp ira to ry  d isease . The isolate d e s ig n a ted  HO B/11 w as charac te rized  in physicochem i­
cal and  serological te s ts  a n d  it proved to  belong to  p a ra in flu en za  3 v iruses. According to  th e  
serological findings th e  iso la te  m ay be re g a rd e d  as an  e tio log ical facto r in resp ira to ry  disease 
o f sheep. The p o ss ib ility  o f transm ission  o f P I-3  v iruses b e tw een  c a ttle  and  sheep p opu lations 
should  be b ro u g h t u p .
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VIRAL DISEASE OF GOSLINGS
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B y
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V e te rin a ry  M edical R esearch  In s ti tu te , H u n g a r ia n  A cadem y of Sciences, B u d a p es t
(D irector: D . D er z sy )

(R eceived A p ril 24, 1974)

In  th e  p rev ious p a p e r (D ebzsy  e t a l., 1970) a re p o rt w as given on iso la ting  a v iru s 
d e sig n a ted  “ B ”  from  dead  goslings in e m b ry o n a te d  goose-eggs. The v irus p roved  to be  re s is ta n t 
to  ch loroform , h eat and va rio u s chem icals, i t  fa iled  to  ag g lu tin a te  th e  red blood cells o f v arious 
an im al species. Goslings in fec ted  in fields a n d  e x p erim en ta lly  becam e ill w ith in  6 — 10 days 
w ith  a h igh  m o rta lity . M uscovy ducks (C a irin a  moschata) and  em b ry o n a ted  eggs w ere also 
suscep tib le  to  th e  v irus. No o th e r birds cou ld  be  in fec ted  successfully. 9— 11-day-old  goose- 
em b ry o s in o cu la ted  via  th e  a llan to ic  c av ity  w ere  killed  by  th e  v irus, as a ru le, a t  th e  3— 8 
d ay s p.i. M eanw hile, a tte m p ts  wrere m ade to  a d a p t  th e  v irus to  d ifferen t k inds o f m o n o lay er 
tissue  cu ltu res  w ith  no success. L ater on, i t  w as s ta te d  th a t  th e  v iru s rep lica ted  in  goose- 
em bryo  f ib ro b la s t cells b u t  no visible c y to p a th ic  effec t was caused by  it  (H a h n , 1972).

T his re p o rt describes the  a d a p ta t io n  of th e  “ B ”  v iru s s tra in  to  goose 
em bryo  fib ro b la s t cell cu ltu re  and  its  p a r tia l  ch a rac te riza tio n , p erfo rm ed  in 
th is  sy stem .

Materials and Methods

V irus. The 8th-egg-passaged v iru s  of s tra in  “ B ” was used in a t te m p ts  
for a d a p ta t io n  to  f ib ro b la s t cell cu ltu re s . T he a llan to ic  flu id  of th e  in fec ted  
em bryos served  as inocu la . The v irus o f  15— 20th  passage num bers in  tissu e  
cu ltu re  w as ch a rac te rized  physicochem ically  and  e lec tronop tically .

Cell culture. 14-day-old goose em b ry o s  w ere used  for f ib ro b la s t cell 
cu ltu re s  b y  s ta n d a rd  m ethods. V irus c u ltu re  m edium  w as TCM-199 (D ifco) 
su p p lem en ted  w ith  0 .5%  lac ta lb u m in  h v d ro ly z a te  and  5%  in a c tiv a te d  fe ta l 
calf serum . TC E arle  so lu tion  (Difco) se rv ed  as m ain ten an ce  m edium  w ith  
2 %  fe ta l ca lf sera. 100 m eg of s tre p to m y c in  an d  100 u n its  of penicillin  p e r m l 
were a d d ed  to  b o th  m edia. Virus t i t r a t io n s  w ere perfo rm ed  in usual m an n e r 
and  0.2 m l w as used as infection  dose. 3 tu b es  per d ilu tions were in o cu la ted  
before seed ing  of cells excep t for th e  d e te rm in a tio n  of th e  nucleic acid  ty p e .

H em agglutination. H um an  group 0, gu inea pig, chicken, r a t ,  m ouse, 
goose an d  sheep red  blood cells were a t te m p te d  to  ag g lu tin a te  a t 4 ,22  an d  37 °C.
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T he d ilu en t used w as P B S  of p H  7.2— 7.4. T he incuba tion  period la s ted  
4 —6 hours.

Electron microscopy. 320 m l of tissue c u ltu re  h arv est were tre a te d  w ith  
f lu o ro ca rb o n  th ree  tim es an d  cen trifuged  a t  12,000 rpm  for 60 m in a t 5 °C 
( J a n e tz k i K24 cen trifu g e). The v iru s w as p e lle ted  by  id tracen tr ifu g a tio n  of 
123,000 g for 90 m in a t  5 °C (Spinco m odel L 2— 65B, T ype Ti60 ro to r). T he 
v iru s  pelle ts were resu sp en d ed  in 1 m l P B S  of p H  7.2. The e lectron  m icroscopic 
s tu d ie s  of th e  v iru s w ere m ade b y  D r. K a p p  a t  th e  D ep t, o f P atho log ica l A n a t­
om y  o f th e  U niv. o f V e te rin a ry  Science, B u d a p e s t. F o rm v ar-co a ted  and  c a r­
bon stab ilized  grids w ere covered w ith  a sm all d rop  of th e  v iru s  suspension. 
A fte r  a sh o rt d ry in g  period  th e  grids w ere s ta in ed  w ith  a drop  of 2 %  phospho- 
tu n g s tic  acid (PTA ) in d istilled  w a te r a d ju s te d  to  pH  7.0 by  K O H . The grids 
w ere exam ined  in  a T esla  BS613 e lectron  m icroscope.

Chloroform sen sitiv ity . V irus suspensions w ere m ixed w ith  chloroform  
v /v  a n d  shaken  for one h o u r a t 37 °C. This w as allow ed to  s ta n d  for 18 h ours 
a t  4 °C. Controls w ere se t up  w ith  PB S in s te a d  of chloroform . The in fec tiv ity  
o f b o th  was d e te rm in ed  in tissue cu ltu res.

p H -sta b ility . T he  p H -s ta b ility  a t  p H  3 o f th e  “ B ”  v irus s tra in  w as d e ­
te rm in e d  using a m e th o d  described by  P l u m m er  (1963).

Temperature sen sitiv ity . G lass am pou les con ta in in g  th e  v iru s suspension 
w ere im m ersed  in to  a w a te rb a th  of 56 °C fo r 30 m in and 60 °C for ten  m in u tes . 
A t th e  end of th e  in c u b a tio n  period th e  am pou les were p u t in to  an ice b a th  
a n d  th e  v iru s w as t i t r a te d  para lle l w ith  th e  u n tre a te d  con tro l sam ples.

The type and strandedness o f  the nucleic acid. The ty p e  of th e  nucleic  
ac id  was d e te rm in ed  b y  5 -iodo-2-deoxyurid ine  (IU D R ) inh ib ition  te s t. T u b e  
c u ltu re s  of n o t c o n flu e n t m onolayer w ere in o cu la ted  w ith  0.2 m l v irus su sp e n ­
sion an d  in cu b a ted  for 3 hours a t 37 °C. A fte r th a t ,  th ey  were w ashed  tw ice  
w ith  PB S and  th e  m ed iu m , con ta in ing  50 m eg IU D R /m l was added . In fe c te d  
c o n tro l tub es w ere sim ila rly  p rep ared  w ith o u t IU D R . A fter 5 days th e  c u ltu re  
flu id s  w ere assayed  fo r in fec tiv ity . N ew castle  an d  pseudorabies v iruses se rv ed  
as contro ls o f know n nucleic  acid ty p e .

The stran dedn ess  o f  the  nucleic  acid w a s  tried to determ ine b y  acridine-  
orange staining accord in g  to the m ethod  described  b y  Mayo r  and H ill  (1961).

Results

Virus propagation. All a tte m p ts  to  a d a p t  th e  egg-passaged v iru s  to  
com pletely  co n flu en t m onolayer tisssue cu ltu re s  were w ith o u t success. W h en  
inocu la tin g  th e  v iru s  in to  th e  suspension o f cells to  be p la ted  or m o n o lay er 
o f 70—80%  co n flu en cy , a w ell-defined c .p .e . w as seen b o th  in  n a tiv e  an d  s ta in e d  
p re p a ra tio n s . A fte r 7 2 —96 hours p .i. sh ru n k in g  and  ro und ing  up  of th e  cells

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



VIRAL DISEASE OF GOSLINGS. IV 289

щ
:

#

Fig. 1. In tran u c le a r inclusion  body caused b y  “ B ”  v irus stra in  in goose-em bryo fib ro b la s t 
cells. Stained by  h em .-eo s . X 1000

were visible in d iffe ren t areas of th e  ce ll-shee t. L a te r on, th e  cy top lasm  of 
the  affected  cells d isap p eared  and the  cells d e tach ed  from  th e  glass. In  p re p a ra ­
tions sta in ed  by h em atoxy line-eosin  a la rg e  n u m b er of th e  nuclei co n ta in ed  
an eosinophilic in tra n u c le a r  inclusion b o d y . This was f irs t de tec ted  betw een  
36 — 48 hours p .i. (F ig . 1).

H em agglutination. The virus failed  to  ag g lu tin a te  any  of the  e ry th ro cy tes  
te s ted  a t  d ifferen t tem p era tu res .

Heat resistance. N o decrease in th e  in fe c tiv ity  of th e  v irus coidd be d e ­
te c te d  a f te r  exposing i t  to  56 °C for 30 a n d  60 °C for 10 m in (Table I).

Chloroform sen sitiv ity . The in fe c tiv ity  o f th e  v iru s w as no t decreased  
b y  chloroform  tre a tm e n t ,  m oreover, a s lig h t increase could be achieved in 
th e  t i te r  of th e  v iru s (T able  I).

pH -stab ility . No change in the v iru s  in fec tiv ity  w as d e tec ted  a fte r ex ­
posing th e  v irus to  p H  3 for 60 m in u tes  a t  37 °C (Table I).

Electron microscopy. Small partic les o f 20 — 22 nm  in d iam ete r were seen 
elec tron  m icroscopically  using  negative c o n tra s t  s ta in in g  techn ique. The лига! 
partic les  were ag g reg a ted  and  they  w ere e m p ty  in a high percen tage. No en ­
velope could be seen an d  th e  particles w ere  hexagonal in shape  (Fig. 2). These 
find ings w ere su p p o rted  b y  those o b ta in e d  a t  th e  IF F A  In s ti tu te , F ran ce ,
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Fig. 2. E lec tro n  m icrograph  of “ B ” v iru s s tra in  b y  n egative  c o n tra s t tech n iq u e . X 238200
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Table I

R esults of th e  physicochem ical tests

T ests
In fec tive t ite rs  +

t re a te d co n tro l

H eat

56 °C for 30 min 1 0 4-5 104.5

60 °C for 10 min to 4-39 104.5

Chloroform 105.5 104.75

p H  3 io 4'5 104.5

IU D R 100 .39 103.5

* The tite rs  were calculated by m eth o d  of R e e d -Muench  (1938)

b y  D r. T e k t o f f  w ho found v ira l p a rtic le s  on ly  in  th e  nuclei in  th e  u ltra - th in -  
sec tioned  p re p a ra tio n s  (personal co m m u n ica tio n ).

N ucleic acid type. A sign ifican t decrease w as found  in  th e  t i te r  of th e  v iru s  
rep lica ted  u n d e r m ed ia  conta in ing  50 m cg/m l IU D R . This in d ica tes  a D N A  
n a tu re  o f th e  nucleic  acid (Table I). T h e  s tran d ed n ess  of th e  nucleic acid  o f th e  
“ B ”  v iru s  s tra in  could  n o t be specified  b y  th e  m eth o d  used since th e  re su lts  
o b ta in ed  w ere unconclusive.

Discussion

The “ B ”  v iru s  s tra in  has been iso la ted  in  9— 10-day-old goose em bryos 
in o cu la ted  v ia  th e  a llan to ic  cav ity . W h en  older em bryos w ere used only  a s ligh t 
v iru s rep lica tio n  could  be achieved. M eanw hile, th e  a tte m p ts  to  a d a p t th e  v iru s  
to  goose em b ry o -k id n ey  and f ib ro b la s t m ono layer tissue cu ltu res w ere w ith  
no success. A t th e  sam e tim e, w hen th e  v iru s  w as in o cu la ted  in to  suspension  
of cells to  be p la te d  or n o t y e t co n flu e n t m onolayer, th e  v iru s rep lica ted  in  
cells w ith  v isib le  an d  w ell-defined c .p .e .T h is  fin d in g  is sim ilar to  th a t  described  
b y  P a r k e r  e t al. (1970) on the  MYM (m in u te  v iru s  of mice) a m em ber o f th e  
p a rv o v iru s  g roup . I t  w as also re p o rte d  b y  B a c h m a n n  (1972) and  S i e g l  an d  
G axjtschi (1973) t h a t  o th e r parv o v iru ses  also needed  d iv id ing  cells fo r th e  
rep lica tion .

T he cy to log ica l s tud ies revealed  th a t  th e  “ B ”  v iru s s tra in  rep lica ted  in  
th e  nuclei o f th e  in fec ted  cells causing in tra n u c le a r  inclusion bodies of C ow dry A 
ty p e . The m orpho logy  of th e  v iral p a rtic le s  show ed hexagonal ap p earan ce  an d  
it  m easured  20— 22 n m  in d iam eter. N o env elope w as d em o n stra ted  e lec tron  
m icroscopically . T he v iru s  proved to  be re s is ta n t to  th e  chloroform  an d  h e a t
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t r e a tm e n t .  The in fec tive  t i te r  of th e  v iru s  w as n o t in fluenced  b y  th e  p H  3. 
T he “ B ” v irus s tra in  co n ta in ed  D N A  since th e  rep lica tio n  could he p rev en ted  
b y  ad d in g  IU D R  to  th e  cu ltu re  m edia.

S c h e t t l e r  (1971) re p o rte d  on iso la tin g  a sm all D N A -con ta in ing  v iru s  
from  goslings being  a ffec ted  b y  sim ilar d isease. H ow ever, S c h e t t l e r  (1973) 
described  th a t  his iso la te  caused in tra n u c le a r  inclusion bodies in th e  affec ted  
cells an d  “ ty p ica l fo rm a tio n  of sy n ti t ia ”  in  th e  sam e cu ltu re . W e do n o t re ­
g a rd  th e  la t te r  as specific  to  th e  c.p .e. caused  b y  th e  goose p a rv o v iru s , since, 
i t  can  be often  o bserved  in un in fec ted  cu ltu re s , especially , w hen in c u b a te d  
for a long period. On th e  o th e r h an d , i t  h as  n o t been excluded  by  S c h e t t l e r  
(1973) th a t  his iso la te  inv o lv es  tw o d iffe ren t v iruses. This seem s to  be b acked  
b y  his e lec tronop tical fin d in g s, th a t  is, a p a rtic le  of 40—45 nm  and an o th e r 
w ith  a d iam eter o f 20— 22 nm  were seen.

D a n n a c h e r  e t al. (1974) recen tly  re p o rte d  on ch a rac te riza tio n  o f a sm all 
D N A -con ta in ing  v iru s  iso la ted  from  goslings. I t  is w o rth  to  be n o te d , th a t  
no in tra n u c le a r  inclusion  bodies were o bserved  b y  him  in th e  in fec ted  cu ltu re s , 
b u t  pycnosis of th e  a ffec ted  cells was described  as ch a rac te ris tic  ty p e  o f c .p .e.

On th e  basis o f all p roperties in v e s tig a te d  an d  described  above we p ro ­
pose th a t  th e  “ B ”  v iru s  s tra in  shou ld  be re g a rd e d  as a possible m em b er of 
th e  parv o v iru s  group .

Acknowledgements. T h e  au th o rs  wish to  th a n k  Assoc. Prof. Dr. P. K a pp  an d  Mrs. E v a  
P e t h e s  for the  e lec tro n m icro g rap h . The exce llen t tech n ica l assistance of Miss M agdolna Sza­
m o si an d  Mrs. K a ta lin  VÖRÖS is also acknow ledged.

Summary

The v irus s tra in  “ B ”  iso lated  from  dead  goslings has been  ad ap ted  to goose em bryo  
f ib ro b la s t cell cu ltu re . T he v iru s  caused eosinophilic  in tra n u c le a r  inclusion  bodies in  th e  affec ted  
cells. In  th e  physicochem ical tes ts  i t  p roved  to be  re s is ta n t to  th e  chloroform  a n d  h e a t  t r e a t ­
m e n t and  stab le  a t  p H  3. T he ty p e  of th e  nucleic acid  w as DN A  as it w as d e term ined  b y  IU D R  
in h ib itio n  tes t. The v irions m easu red  20— 22 nm  in d iam e te r in n eg atively  s ta ined  p re p a ra tio n , 
e lec tro n  m icroscopically . B ased  on these  p ro p e rtie s  we propose th a t  th e  “ B ”  v irus s tra in  should  
be reg ard ed  as a possible m em b er o f av ian  orig in  o f  th e  p a rv o v iru s group.
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L. F á b iá n ) o f th e  B u d ap es t Zoo a n d  B o tan ica l G ardens, B udapest

(R eceived  M ay 7, 1974)

Toxoplasma  in fec tio n  is know n to  occur in  v a rio u s species o f kangaroos k ep t in zoos: 
i t  was observed in M acropus bennetti (R a t c l if f e  a n d  W o r th , 1951; Gr ü n b e r g , 1959; M ö l l e r , 
1962; Ma n d el li e t  a l., 1966), M acropus ru fus  (H a c k e l  e t a l., 1953), M acropus rufogriseus 
(R a t c l if f e , 1953; H il g e n f e l d , 1966), M acropus robustus (R a t c l if f e , 1953), Protemnodon  
bicolor (T hom pson  a n d  R e e d , 1957), M egaleia ru fa , M acropus giganteus (H il g e n f e l d , 1966) 
an d  in a species n o t n e a re r  iden tified  b y  B ie r in g -S ö r e n s e n  (1953).

In fec tion  w as som etim es su spec ted  while th e  d iseased  an im al w as alive ( J a ksch , 1959), 
b u t  as a rule it w as n o t recognized u n til  post m o rtem  or h isto log ical ex am in atio n  (R a t c l if f e  
an d  W orth , 1951; G r ü n b e r g , 1959; M ö lle r , 1962; Ma n d e l l i e t a l., 1966, etc.).

E vidence w as also p resen ted  b y  successful tran sm iss io n  of Toxoplasm  to  albino m ice, by  
a d m in is tra tio n  of o rg a n  suspension fro m  dead  k an g aro o s in to  th e  ab d o m in a l cav ity  (MÖLLER, 
1962) and /or b ra in  (M a n d e l l i e t al. 1966) o f th e  e x p e rim e n ta l an im als. The prelim inary  d iag ­
nosis could be co n firm ed  on th e  basis o f th e  ap p ea ran ce  of dev elo p m en ta l stages in  th e  a b ­
dom inal cav ity  an d  — m ore often  — o f cysts in  th e  b ra in .

The source o f th e  Toxoplasma  in fec tion  of c ap tiv e  kangaroos could  no t be iden tified  in 
th e  p rev ious cases, a lth o u g h  certa in  a u th o rs  (T h o m pso n  a n d  R e e d , 1957; H il g e n f e l d , 1964) 
offered a h y p o th e tica l ex p lan atio n , b u t  failed  to  co n firm  it.

In  the  p re se n t case, Toxoplasm a  in fec tio n  w as d em o n stra ted  in th ree  
dead  kangaroos b y  h is topa tho log ica l e x am in a tio n  of ce rta in  organs an d  ex ­
p e rim en ta l tran sm iss io n  to  a ca t, and  th e  possib le  source of infection  could  
also be traced .

Experimental

M aterials and methods

Post mortem  ex am in a tio n  o f th e  carcases of th ree  derby  kangaroos 
(Thylogale ( =  W allab ia ) eugenii) w as p erfo rm ed  in  th e  D e p a rtm e n t of P a ­
tho logy .

Specim ens o f sp leen , liver, k idneys, ad ren a ls , pancreas, stom ach , various 
in te s tin a l segm ents, m esenteric ly m p h  nodes, u r in a ry  b lad d e r, lungs, h ea rt 
m uscle, b ra in , sp in a l chord , d iap h rag m ai m uscle an d  several skeletal m uscles 
were secured for h isto log ica l ex am in a tio n . T he organs w ere fix ed  in  10%  fo r­
m alin , em bedded in  p a ra ffin  an d  th e  sections w ere s ta in ed  w ith  h aem ato x y - 
lin  an d  eosin.
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Toxoplasm a  cysts w ere iso la ted  b y  feeding pieces of ce rta in  organs 
(b ra in , sp inal chord , h e a r t and  d iap h rag m a i m uscle) of th e  carcases to  a to x o ­
p lasm a-free  young  ca t. Toxoplasm a gond ii oocysts were collected  from  th e  stoo l 
of th e  c a t b y  flo ta tio n  and  w ere a d m in is te red  orally  to  a lb ino  m ice. B ra ins 
o f m ice k illed a t  various periods a f te r  th e  14th  post-in fec tion  d ay  w ere bo- 
m o g en a ted  and  Toxoplasm a  cy sts  w ere d em o n stra ted  m icroscopically  in  u n ­
s ta in e d  sm ears p rep ared  from  b ra in  suspensions. A sim ilar p rocedure  w as em ­
p lo y ed  in  in v estig a tio n s in to  th e  source  of infection .

C lin ica l observations

T hree  derby  kangaroos, one m ale a n d  tw o fem ales, k e p t in th e  sam e ru n  
in  th e  B u d ap est Zoo, developed n e rv o u s sym ptom s (d is tu rb an ce  an d  in ­
c o o rd in a tio n  of m ovem ents) a lm o st s im u ltaneously  in S ep tem ber 1973. T he 
an im a ls  also show ed listlessness an d  loss of ap p e tite  an d  one even h a d  d y sp ­
n o ea . One kangaroo  died on th e  second d ay  a fte r th e  m an ifesta tio n  o f th e  
sy m p to m s, th e  o th e r tw o succum bed  on th e  te n th  day. T he la t te r  tw o an im als 
show ed progression of th e  m ovem en t d is tu rb a n c e  and g radua l loss o f cond itio n

F ig . 1. Loose focal lesion, consisting  of glia F ig. 2. M agnified d e ta il of Fig. 1. In ju red
cells, n e a rb y  a cerebral vessel. H E  s ta in , cells localizing inside th e  glia cell focus har-

a b o u t X 275 b o u r single tach y zo ites  and  groups o f tach y -
zoites surrounded  b y  a p a ras ito p h o ro u s  v a c ­

uole (arrow ). H E  s ta in , a b o u t x 7 0 0
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u n til d ea th . D u rin g  th e  last days, th e re  w as a f lacc id  para lysis  of ce rta in  
m uscle groups an d  com pulsive m o v em en ts  ap p ea red  in  th e  te rm in a l stage . 
E xclusively  sy m p to m a tic  tre a tm e n t was app lied .

Post-mortem and histopathological exam inations

No no tab le  gross lesions w ere found on post-m ortem  exam ination .
On m icroscopic exam in a tio n  o f  b ra in  an d  sp inal chord  from  th e  an im al 

w hich  had  died f ir s t ,  c ircum scribed , loose foci, consisting  chiefly  of glia cells, 
w ere found  to  occur sporad ica lly  in  v a rious areas, above all along th e  vessels 
(F ig . 1). Inside th e  foci th e  glia cells and  in fre q u e n tly  also nerve cells show ed 
regressive p h enom ena  (nuclear pycnosis and  lysis, ra re fica tio n  of cy top lasm  
and  necrosis of th e  cell). Solitary  tach y zo ite s  an d  g roups of tach y zo ite s  e s ta b ­
lished them selves in trace llu la rly , th e  la t te r  being  u su a lly  su rrounded  b y  a 
p a rasito p h o ro u s v acu o le  (Fig. 2). O nly  few Toxoplasm a  cysts w'ere found  in 
th e  b ra in  and sp in a l chord . The tw o  kangaroos, w hich h ad  died la te r , also 
show ed th e  sporad ic  focal p ro lifera tion  of glia cells in  b ra in  and  spinal chord. 
T he localization  of th e  foci was again  n o t c h a ra c te ris tic , b u t  th e y  were m ore

Fig. 3. C ircum scribed g lia  cell pro liferation  
in th e  b ra in . N ote n ec ro tic  cells in cen tre  o f 
focal lesion  and the  Toxoplasm a  cysts localiz­
ing n e a rb y  (arrow ). H E  s ta in , abou t x 2 7 5

Fig. 4. Toxoplasm a  cy s t localizing n ea rb y  a 
cereb ra l vessel. H E  s ta in , m agn ifica tion  

a b o u t X 1800
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n u m ero u s  th an  a fte r  th e  sh o rte r  course and  the  densely a rran g ed  glia cells 
su rro u n d ed  th e  necro tic  b ra in  areas (F ig . 3). Toxoplasm a  cy sts  d id  no t u sua lly  
occu r inside th e  foci, b u t  o u tside  th e  la t te r  chiefly  free cysts of various sizes 
w ere freq u en tly  found  (F ig . 4). T here  w as also a p e riv ascu la r h istio -lym pho- 
c y tic  in filtra tio n  in  ce rta in  n o n -ch a rac te ris tic  localizations.

T he h eart m uscles of th e  th re e  an im als showed d iffe ren t degrees of 
ch an g e . The circum scribed focal lesions an d  often  also th e  a d ja c e n t in te rs titia l

F ig . 5. C ircum scribed in f la m m a to ry  cell 
re ac tio n  in the  h e a rt m uscle. Low m ag n i­

fication  view, a b o u t X 40

Fig. 6. A group of tach y zo ites  localiz ing  in a  
h e a r t m uscle cell inside th e  a rea  o f th e  in fla m ­
m a to ry  cell reac tio n  (arrow ). H E  s ta in , ab o u t 

X 700

tissu e  were in filtra te d  b y  h is tio cy tes  an d  lym phocy tes (F ig . 5). In  areas of 
a c u te  or sem i-acute m y o card itis  or n e a rb y , large groups of tach y zo ite s  localized 
in  m uscle cells show ing regressive lesions (Fig. 6). V ary ing  n u m b ers  o f ta ch y - 
zo ite  groups e stab lish ed  them selves in  m yocard ia l cells fa r th e r  aw ay  from  
th e  lesion.

S im ilar focal in fla m m a to ry  lesions and  in trace llu la rly  localizing  groups 
o f tachyzo ites w ere also found  in  th e  tongue m uscle.

One or b o th  ad rena ls show ed c ircum scribed  n ecro tic  lesions, invo lv ing  
ch ie fly  the  cortical p a r t  (Fig. 7). N uclear pycnosis, rhexis an d  lysis an d  rare-
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Toxoplasma  cy s ts  occurred in v a rious segm ents o f th e  sm all in te s tin e , 
localizing in the  p ro p r ia  of the  m ucosa, w hich  ap p eared  in ta c t and  did no t show  
in flam m ato ry  re a c tio n  around  th e  cysts.

Bodies rem in d in g  of Sarcosporidium  cy sts  were fo u n d  in  the  ske le ta l 
m uscles, d iap h rag m ai m uscles and  in oesophageal m uscles. T he p arasites h ad  
an  e longated  shape a n d  some showed in d ica tio n s o f a co m p artm en ta l in n e r 
f ica tio n  of the  cy to p la sm  took place in  tho se  cells w hich  h a rb o u red  single 
tach y zo ites  or g ro u p s, and  free Toxoplasm a  cysts were localizing betw een

Fig. 7. N ecrotic  foca l lesion in ad renal F ig. 8. Toxoplasm a  cy sts in necro tic  field  o f 
co rtex . Low m ag n ifica tio n  view , ab o u t x 4 0  ad ren a l. H E  s ta in , a b o u t x 2 7 5

th e  d e te rio ra tin g  cells (F ig. 8). The n o rm al ap p earin g  tissu e  in  th e  su rround ings 
of fresh  necro tic  foci show ed only hy p eraem ia .

C ircum scribed necro tic  foci, co n ta in in g  nu c lea r d eb ris , were also found  
in  th e  m esenteric ly m p h  nodes. No dev e lo p m en ta l stages of Toxoplasm a  cou ld  
be d e tec ted  e ith e r  in  th e  foci or in th e  a d ja c e n t in ta c t  tissue , 
s tru c tu re . No in f la m m a to ry  cellular reac tio n  was seen a ro u n d  those m uscle 
cells which h a rb o u re d  th e  Sarcosporidium -U ke  cysts. Such bodies were also 
fo u n d  in  single m uscle  cells of m y o card iu m  and  to n g u e .

No m icroscopic lesions were found  in  organs o th e r  th a n  th e  above.

Isolation o f  T oxop lasm a from  the carcases o f the kangaroos

Specim ens o f b ra in , spinal chord , m yocard ium  an d  d iaph ragm ai m uscle 
of th e  tw o k an g aro o s w hich died a fte r illness for te n  d ay s, w ere fed to  a y o u n g  
c a t, w hich w as free  from  Toxoplasm a  to  judge  from  preceding  faecal 
exam ina tions. T h ro u g h o u t the  ex p erim en t an d  for tw o w eeks before it, th e
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c a t  was k ep t in iso la tio n  and  was fed  w ith  great care to  avo id  in te rc u rre n t 
Toxoplasm a  in fec tion . Seven days a f te r  th e  ingestion  of organ  pieces from  
th e  carcases, th e  c a t b egan  to  pass T . gondii oocysts w ith  th e  faeces an d  
co n tin u ed  to  d ischarge  th em  for severa l su b seq u en t days.

Mice could be in fec ted  ex p e rim en ta lly  b y  oral a d m in is tra tio n  of oocysts 
co llec ted  from  th e  c a t. Toxoplasm a  cy sts  appeared  in  th e  b ra in  of th e  m ice 
a t  a b o u t 14 days a f te r  in fection . T he s tra in  has been m a in ta in e d  in  m ice ever 
since.

Investigations into the possible source(s) o f  infection

A few days a f te r  th e  dea th  of th e  kangaroos, a local in v es tig a tio n  w as 
m ad e  in  the kangaroo  prem ises of th e  Zoo. In  th e  fodder s to re , w hich consisted  
o f several room s, in c lud ing  a p re p a ra to ry  room , a she-cat w ith  tw o 6-w eck 
old k itte n s  was fo u n d , w hich lived  th e re  p e rm an en tly . D ry  c a t faeces was 
fo u n d  in  all room s a n d  sam ples of i t  co n ta in ed  a m edium  a m o u n t of T. gondii 
oocysts . A few oocysts w ere also found  in  th e  fresh ly  passed  faeces of th e  m o th e r 
c a t. T he la tte r  ceased to  discharge T. gond ii oocysts a f te r  k e p t in  iso lation  for 
a few  days. F aecal ex am in a tio n  h ad  n eg a tiv e  resu lts w ith  th e  tw o k itte n s .

Mice were in fec ted  orally  w ith  T. gondii oocysts o b ta in ed  from  th e  d ry  
c a t faeces collected a t  th e  spot. F o u r d ays a fte r in fection  th e  m ice d ied  in  a 
severe  pu lm onary  h aem o rrh ag e, because  a p a r t  from  T. gond ii oocysts m an y  
e m b ry o n a ted  (infective) Toxocara m ystax  eggs were p re se n t in  th e  in fectious 
m a te ria l. In  th e  m ouse, be ing  a p a ra te n ic  h ost o f the  la t te r  p a ra s ite , th e  la rv ae  
re leased  from the  eggs, p e n e tra te d  across th e  in tes tin a l w all, and  caused severe 
lu n g  in ju ries in th e  course of m ig ra tio n . H om ogenates p rep a red  from  m esen­
te r ic  ly m p h  nodes an d  liv e r of the  dead  m ice w ere ad m in is te red  ora lly  or in tra -  
ab d o m in a lly  to  fu r th e r  m ice. T w en ty -one  days la te r  Toxoplasm a  cysts w ere 
fo u n d  in  unsta in ed  sm ears of b ra in  suspensions from  b o th  groups of m ice.

Mice in fected  o ra lly  w ith  T. gond ii oocysts iso la ted  from  fresh  c a t faeces 
h ad  Toxoplasm a  cy sts  in th e  brain  tw o  w eeks a fte r in fec tion .

T w enty  com m on m ice, c ap tu red  in  th e  fodder sto re , w ere k illed  an d  th e ir  
b ra in s  w ere exam ined  fo r th e  presence o f Toxoplasm a  cy sts , b u t  none w ere 
fo u n d . B lind tran sfe rs  o f b ra in  h o m ogenates from  th ese  an im als w ere n o t 
m ade .

U n fo rtu n a te ly , th e  fodder supp ly  from  w hich the kangaroos had  been fed 
befo re  th e ir  illness ru n  o u t com pletely  b y  th e  tim e of th e  exam in a tio n s.

D iscussion

All three kan g aro o s were found  to  h av e  died in  acu te  or sem i-acu te , 
generalized  Toxoplasm a  infection .
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U nlike m ost cases rep o rted  by  o th e r  au th o rs , th e  carcases did n o t show  
n ec ro tic -in flam m ato ry  change or u lce ra tio n  in th e  d igestive t r a c t  an d  genera lly  
no gross lesion w as found  in any  o rgan . M icroscopic lesions re la te d  to  th e  p res­
ence of Toxoplasm a  occurred  above all in the  b ra in , sp inal chord , h e a r t and  
to n g u e  m uscles, ad rena ls  and  m esen teric  ly m p h  nodes. T he m ost freq u en t 
changes were a p ro life ra tiv e , acu te  or sem i-acu te , focal in flam m atio n  (in b ra in , 
sp inal chord , h e a r t  and  tongue m uscle) an d  circum scribed  focal necroses (in 
ad ren a ls  and  m esen te ric  ly m p h  nodes). D evelopm enta l stages of Toxoplasm a  
( in trace llu la rly  localizing  so lita ry  tach y zo ite s  or groups of tach y zo ite s , less 
often  cysts) were found  inside or n e a rb y  th e  lesions, occasionally  also in  d is ta n t 
o rgans (e.g. in th e  p ro p ria  of th e  sm all in testin e). The m icroscopic lesions w ere 
in  ev e ry  respect s im ilar to  th o se  described  in o th e r rep o rts  of Toxoplasm a  
in fec tions in  k an g aro o s. In  all th re e  cases, th e  bra in  and  sp inal chord w ere 
th e  m ost affec ted  p a r ts ; th is  accords well w ith  th e  clin ical ob se rv a tio n s.

H ow ever, a p a r t  from  d ev e lo p m en ta l stages of Toxoplasm a, sac-like bodies 
rem in d in g  of Sarcosporidium  were also p resen t in  th e  h e a r t  an d  to n g u e  m uscle, 
oesophageal m uscle lay e r, d iap h rag m a i m uscle, and  ce rta in  cell g roups o f th e  
sk e le ta l m uscles.

Iso la tion  o f Toxoplasm a  from  th e  carcases is generally  m ade b y  in o cu la ­
tion  o f organ h om ogenates in to  th e  ab d o m in a l cav ity  of mice. In  th is  in s tan ce , 
iso la tio n  was a t te m p te d  by  oral a d m in is tra tio n  of th e  in fectious m a te ria l to  
a su scep tib le  y o ung  ca t. The T. gondii oocysts passed  b y  th e  c a t w ere t r a n s ­
m itte d  o rally  to  m ice. These successful tran s in fec tio n  experim en ts  accord  well 
w ith  th e  recen t know ledge abou t life cycle of th e  Toxoplasm a. I t  ap p ears  th a t  
the  p ro b ab le  co n cu rren t in fection  w ith  Sarcosporidium  did n o t in te rfe re  w ith  
the  re su lts  of th e  in fec tion  ex p erim en ts .

E x am in a tio n s  on th e  spo t show ed th a t  th e  m ost p ro b ab le  source of in ­
fection  h ad  been th e  sh e-ca t w hich h ad  lived  w ith  her tw o k itte n s  in th e  fo d d er 
store  from  w hich th e  kangaroos had  been  supplied . T .gondii oocysts w ere d e m ­
o n s tra te d  in d ry  c a t faeces found  all over th e  store and  in th e  fresh  stoo l 
of th e  m o th er c a t as well. The low n u m b e r of oocysts in  th e  faeces an d  th e  
fac t t h a t  th e  ca t ceased  to  discharge oocysts  a few days a fte r  being ex am in ed  
reg u la rly  ind ica te  th a t  i t  h ad  o lder Toxoplasm a  infection.

T he s im u ltaneous severe in fec tion  of th e  th ree  kangaroos m ay  well have  
re su lted  from  th e  co n sum ption  of fodder (p ro b ab ly  the  grits) heav ily  c o n ta m i­
n a te d  w ith  o o cyst-con ta in ing  ca t faeces.

A p a rt from  th e  know n su scep tib ility  of kangaroos to  Toxoplasm a  in ­
fec tion , th e  disease an d  d e a th  of all th re e  an im als k ep t in  th e  sam e ru n  m ay  
chiefly  have  been due  to  a m assive in fe s ta tio n .

T h e  illness of th e  kangaroos w as n e ith e r  p receded  n o r follow ed b y  sim ­
ilar in fec tion  of o th e r  an im als supp lied  from  th e  sam e sto re  and  p re p a ra to ry  
room . T h is m igh t h a v e  been a chance coincidence b u t  m ay  as well h av e
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been due to  th e  d iss im ila r su scep tib ility  or, p ro b ab ly , res is tan ce  of th e  o th e r 
an im als.

T he in fes ta tio n  o f th e  kangaroos w as p ro m o ted  b y  th e  w orking rou tin e  
of th e  a tte n d a n ts , v iz ., t h a t  M onday ra tio n s  (o ften  also th e  fodder ra tion ) were 
as a ride  p rep ared  on th e  p reced ing  F rid ay  a fte rn o o n . T hus a m assive co n tam i­
n a tio n  of th e  ra tio n s  w ith  ca t faeces could ta k e  p lace over th e  w eekend du ring  
w hich also th e  fresh ly  passed , non -in fec tive  oocysts m ay  have  undergone 
sp o ru la tio n . This seem s th e  m ore possible as d erb y -k an g aro o s have th e  h a b it 
of m oving  and  ea tin g  d u rin g  dusk and  even ing  hours, so th a t  th ey  usually  
d id  n o t to u ch  th e  M o n d ay  supp ly  u n til  th e  la te  hours of th e  a fternoon  and 
evening . A ccord ing ly , a t  leas t 72 hours h ad  elapsed betw een  th e  p rep ara tio n  
and ingestion  of th e  M onday  ra tio n , a tim e  long enough for the  sporu la tion  
of T. gond ii oocysts.

T his again rem in d s  of the  im p o rtan ce  of rigorous hygienic m easures 
in Zoo an im al m an ag em en t in general, and  o f th e  p rev en tio n  of co n tam in a tio n  
of feed by  c a t faeces in  p a rticu la r.

I t  should  be m en tio n ed  th a t  our d a ta  concern ing  th e  onset of th e  disease 
m ay no t have  been a c c u ra te  because, as a lread y  m en tioned , derby-kangaroos 
u sua lly  keep q u ie t d u rin g  th e  g rea te r p a r t  of d ay tim e  and  so th e  a tte n d a n ts  
m ay  n o t have  n o ticed  th e  sym ptom s u n til  th e y  becam e q u ite  severe.

This is th e  f i r s t  re p o r t  of th e  incidence  o f Toxoplasm a  infection  am ong 
d erb y -k an g aro o s (T h y loga le f =  W allabia)  eugenii), w hich m eans th a t  an 
ad d itio n a l species of th e  fam ily  M acropodidae  are  suscep tib le  to  th is  p a rasite .

Sum m ary

T he d e a th  of th re e  derb y -k an g aro o s (Thylogale ( =  Wallabia) eugenii), k ep t in th e  sam e 
ru n  in th e  B u d ap es t Zoo, w as found to have  been caused  by  Toxoplasma infection. The d iag ­
nosis was estab lished  on th e  basis of h is to p ath o lo g ica l ex am in a tio n s  and  experim en ta l t r a n s ­
m ission to  a young  c a t b y  feeding pieces of o rgans from  th e  dead  kangaroos. The cat, w hich 
had  been k ep t in iso la tion  before  th e  in fection  e x p erim en t, began  to  discharge T. gondii oocysts 
a few d ay s a fte r  ingestion  o f th e  organ pieces. Mice could be in fected  experim en tally  w ith 
sp o ru la ted  oocysts co llected  from  the  faeces o f th e  cat.

In v estig a tio n s  in th e  prem ises disclosed th a t  th e  kangaroos becam e in all p ro b ab ility  
in fected  b y  th e  ingestion  of fodder c o n tam in a ted  w ith  c a t faeces. D ry  ca t faeces found in th e  
p re p a ra to ry  room  an d  th e  fresh  faeces of a ca t p e rm a n en tly  living th ere , bo th  con tained  Toxo­
plasma oocysts, w hich cau sed  fa ta l disease on ex p e rim e n ta l tran sm iss io n  to  albino mice. The 
im p o rtan ce  of rigorous hyg ien ic  m easures in Zoo an im al m an ag em en t and the  im p ortance  of 
c a ts  in th e  d issem in a tio n  o f Toxoplasma in fection  are p o in ted  out.

T he p resen t p ap er is th e  firs t rep o rt o f Toxoplasma infection  in derby-kangaroos, new 
h o sts o f th e  p a rasites  in  th e  fam ily Macropodidae.
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MUCOID ENTERITIS IN THE RABBIT ASSOCIATED
WITH E. COLI

C H A N G E S IN T H E  C A R B O H Y D R A T E  M ETA BO LISM

By

F. V e t é s i  and F . K utas

D e p artm en t of P a th o lo g y  (H ead: Prof. A. K a r d e v á n )  an d  D e p a rtm en t o f P hysio logy  (H ead : 
P rof. G y. P e t h e s ) ,  U n iv e rs ity  o f V e te rin a ry  Science, B udapest

(R ece iv ed  M ay 10, 1974)

R ab b its  w ith  m ucoid  enteritis d ev elo p  hyp o to n ic  d e h y d ra tio n , deco m p en sa ted  m e ta ­
bolic  acidosis an d  azo taem ia  ( V e t é s i  a n d  K u t a s , 1973). T he patho log ica l changes can  be 
a ttr ib u te d  m ain ly  to  th e  effect o f e n te ro to x in  produced  b y  en te ro p ath o g en ic  E. coli stra in s . 
O ra l a d m in is tra tio n  o f E. coli e n te ro to x in  p rovokes increased  flu id  and  e lec tro ly te  secre tion  
in to  th e  in testin a l lu m e n  of baby ra b b its  ( S m i t h , 1972; K u t a s  e t a l., 1974). I t  h a s  b een  su p ­
po sed  th a t  toxic  p ro d u c ts  such as e n d o to x in s  released  b y  E. coli b ac te ria  can  be reso rb ed  
th ro u g h  th e  d e sq u a m a te d  in testin al m u co sa  of ra b b its  w ith  m ucoid  e n te ritis  ( V e t é s i ,  1970). 
C onsequen t toxicosis associated  w ith  h y p o v o lae m ia  due to  flu id  loss resu lts  in  severe  shock  
w hich  causes th e  d e a th  o f anim al. K n o w in g  th e  ch arac te ris tic  effects o f b a c te ria l e n d o to x in s  
on  c a rb o h y d ra te  m etab o lism  ( T h o m a s ,  1954; S a n f o r d  e t al., 1960), i t  seem ed to be in te res tin g  
to  s tu d y  the  m etab o lism  of ca rb o h y d ra te s  in  ra b b its  w ith  m ucoid  en te ritis . U n fo rtu n a te ly , 
l ittle  in fo rm ation  is av a ilab le  on this m ech an ism , only K r u i n i n g e n  and  W i l l i a m s  (1972) re ­
p o r te d  rise of blood su g a r in affected ra b b its ,  w ith o u t any  com m ent on th e  reason  of h y p er- 
glycaem ia.

Because o f th e  lack of l i te ra ry  d a ta , th e  m ore fu n d am en ta l changes 
t h a t  occur a t a ce llu la r level need  to  be  in v estig a ted  in order to  b rin g  a b o u t 
a fu ller u n d e rs ta n d in g  of m etabo lic  d iso rders in m ucoid  en te ritis . T he p re se n t 
w ork  w as u n d e rta k e n  to  study  th e  in te rm e d ia ry  steps of c a rb o h y d ra te  m e ta b ­
olism  of affected  rab b its  w ith  b iochem ical, h istochem ical and e lec tron  
m icroscopic m eth o d s.

Materials and Methods

A to ta l o f 39, w eaned c ro ss-b red  (“ F eh érg y ö n g y ” ) ra b b its  w ith  ages 
ran g in g  from  4 to  11 weeks were u sed  in  th is  s tu d y . The m ate ria l was a lm o st 
id e n tic a l w ith  t h a t  u sed  in our p rev io u s  p ap e r (Ve t é s i  an d  K u t a s , 1973). 
O f th e  39 anim als exam ined  23 dev e lo p ed  n a tu ra lly  occurring  form  of m ucoid 
e n te ritis  and  16 se rv ed  as h ea lthy  co n tro ls . The ra b b its  w ere fed a com m ercial 
g ra n u la te d  fa tte n in g  d ie t ad libitum . I n  view  of th e  d iu rn a l rh y th m  of glycogen 
m etabo lism , th e  exam in a tio n s w ere ca rr ied  ou t alw ays in  th e  early  a fte rn o o n  
h o urs. P rocedures u sed  for tak in g  o f  sam ples, ex te rm in a tio n  of an im als e tc . 
h av e  been described  elsewhere (Ve t é s i  an d  K u t a s , 1973).
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Level of b lood  su g a r w as de te rm ined  b y  th e  o-to lu id ine  m eth o d  (Bio- 
chem ica T est C o m bina tion , B oehringer M annheim  GM BH ). P resence of u rin a ry  
glucose w as d e tec ted  b y  C lin istix  te s t (Am es C om pany).

Im m ed ia te ly  a f te r  exsan g u in a tio n , specim ens w ere ta k e n  from  th e  liver, 
k id n ey  an d  h e a r t m uscle  o f 18 affected  an d  6 h e a lth y  ra b b its . T he specim ens 
w ere fix ed  in  ab so lu te  e th a n o l and  in som e cases in  8 p er cen t so lu tion  of 
buffe red  form alin . T h e  tissu es  were em b ed d ed  in  p a ra ffin  an d  s ta in ed  w ith  
period ic  acid-Schiff re a g e n t, w ith  an d  w ith o u t p rio r am ylase  tre a tm e n t.

T he h istochem ical s tu d y  of th e  d is tr ib u tio n  of g lucose-6-phosphatase 
in  th e  cells of liver an d  k id n ey  was m ade b y  th e  freezing m ethod  of Ch i q u o i n e  
(1953). Specim ens w ere ta k e n  from  3 d iseased  an d  2 con tro l anim als.

F o r th e  pu rpose  o f e lectron  m icroscopic s tu d y , ab o u t 1 m m 3 fragm en ts 
w ere c u t from  th e  liv e r o f  3 diseased and  2 co n tro l ra b b its . T he sam ples w ere 
fix ed  in  2 p er cen t so lu tio n  of osm ium  te tro x id e  buffered  accord ing  to  P a l l a d e . 
T he f ix a tio n  to o k  p lace  a t  - |-40C te m p e ra tu re  fo r 2 1/2 hours. The fixed  spec­
im ens w ere d e h y d ra te d  in  alcohol-series, em bedded  in  D urcupan-A C M - 
m ix tu re  and  sectioned  on a R eichert-O M -U 2 u ltram ic ro to m e . T he specim ens 
w ere exam ined  w ith  a Tesla-B S 613 e lec tron  m icroscope.

Results

The m ost c h a ra c te ris tic  clinical sy m p to m s and  p o st-m o rtem  find ings of 
ra b b its  w ith  m ucoid  e n te ritis  have been  p resen ted  in a prev ious com m unica­
tio n  (Ve t é s i  and  K u t a s , 1973).

V alues for b lood  su g ar of 19 affec ted  an d  14 h e a lth y  an im als are  show n 
in T ab le  I. I t  can  be seen th a t  m ost of th e  b lood  sugar values of contro ls w ere 
found  in  a re la tiv e ly  n a rro w  in te rv a l (91 — 120 mg/100 ml). In  c o n tra s t, only 
3 ra b b its  w ith  m uco id  en te ritis  had  b lood  glucose co n cen tra tio n  w ith in  these 
no rm al lim its. The m a jo r ity  of affected  ra b b its  (n =  12) w ere hyperg lycaem ic, 
in  4 o th e r cases m ild  o r severe form  of h ypog lycaem ia  could be d em o n stra ted .

No glucose could  be d e tec ted  in th e  u rin e  of 7 ra b b its  w ith  m ucoid e n te r­
itis , a lth o u g h  5 of th e m  w ere hyperg lycaem ic. T he urine  of th e  contro l an im als 
(n =  5) d id  n o t c o n ta in  glucose either.

Besides th e  d e te rm in a tio n  of th e  b lood sugar, th e  glycogen stores o f 
th e  organism  w ere also s tu d ied . On th e  b asis  of th e  h istochem ical investig a tio n s 
i t  could be e s tab lish ed  th a t  the  d is tr ib u tio n  of glycogen granules appeared  
no rm al in th e  h e p a to c y te s  of th e  h e a lth y  contro ls (F ig. 1). The glucose-6- 
p h o sp h a tase  enzym e w as also un fo rm ly  d is tr ib u te d  in  th e  p a ren ch y m al cells 
o f liver.

In  c o n tra s t to  th e  h e a lth y  ra b b its , a ch a rac te ris tic  decrease of glycogen 
co n te n t was observed  in  th e  liver of affec ted  an im als. In  a few in stances, th e
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Table I

Blood sugar levels in  contro l ra b b its  and  rab b its  w ith  m ucoid en te ritis

Characterization of
Blood sugar (mg/100 ml)

condition
Range

i
Individual values rabbits

H ypoglycaem ia, severe 0 - 4 0 40, 36 2

H ypoglycaem ia, m ild 71 - 90 71, 73 2

97, 117 2

N orm al

91 - 1 2 0
92,* 95,* 96,* 97*, 98*, 99,* 

103,* 111,* 111,* 114,* 116«, 

118,* 118*
13*

121 - 1 4 0
124

131*

1

1*

H yperg lycaem ia, m ild 141 - 2 0 0 144, 183, 187 3

H yperg lycaem ia, severe 201 - 3 0 0 207, 219, 248, 254, 277, 5
301 -  400 310, 317, 339, 369 4

* Control anim als

glycogen granules d isap p eared  only in  th e  periphery  of th e  lobu les, n e a r  b y  
th e  p e rip o rta l zone (F ig . 2). In  m ost cases, th e re  was no d em o n strab le  glycogen 
p re se n t in  the  h ep a to cy te s  of th e  in te rm e d ia l zone either. O nly  th e  cells a ro u n d  
th e  c e n tra l vein co n ta in ed  glycogen g ran u les  (F ig. 3). H igher a c tiv ity  of he-

Fig. 1. L iv e r o f control ra b b it .  A b u n d an t P A S -positive  glycogen granules in  th e  h ep a to cy te s ; 
c, c en tra l ve in ; p , p e rip o rta l zone; X llO  ap p ro x im ate ly

7* Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



306 VETÉSI and KUTAS

Fig. 2. L iver o f ra b b it  w ith  m ucoid  en te ritis . Cells a d ja ce n t to  th e  p e rip o rta l zone (p) co n ta in  
no glycogen g ran u les. PAS reac tio n ; c, c en tra l vein ; x l l O  app ro x im ate ly

p a tic  g lucose-6 -phosphatase  was found  in  th e  p e rip h e ry  of th e  lobules th a n  
in  th e  cen trilo b u la r zone (Fig. 4).

E lec tron  m icro g rap h s of th e  liver o f ra b b its  w ith  m ucoid en te ritis  co r­
ro b o ra te d  th e  s ig n if ican t decrease in  cellu lar glycogen c o n ten t. H y p e rtro p h y  
o f th e  sm ooth  an d  to  a ce rta in  e x te n t, o f th e  rough  endoplasm ic re ticu lu m  
w as observed (Figs 5 a n d  6).

Fig. 3. L iver o f ra b b it  w ith  m ucoid en te ritis . D epletion  o f glycogen. PA S-positive g lycogen 
granu les are on ly  a round  th e  cen tra l vein  ( c); x l  10 app ro x im ate ly
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Fig. 4. L iver of ra b b it  w ith  m ucoid e n te r it is .  H igher a c tiv ity  o f g lucose-6-phosphatase  in the  
p e rip h e ry  of the lobules; c, cen tra l vein ; x 4 0  ap p ro x im ate ly

Fig. 5. L iver of ra b b it  w ith  m ucoid e n te ritis . S light h y p e rtro p h y  of th e  endoplasm ic re tic u ­
lum  (er) in  th e  h ep ato cy te . E lec tro n  m ic ro g rap h ; X 17,820
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F ig . 6. L iver o f ra b b it  w ith  m uco id  e n te ritis . H y p e rtro p h y  of th e  endoplasm ic re ticu lu m  (er) 
in  d iffuse  fo rm . E lec tro n  m ic ro g rap h ; X 17,820

H istochem ical e x a m in a tio n  of m yocard ia l fib res of a ffec ted  rab b its  
show ed also red u c tio n  in  glycogen. In  som e cases, th e  d isap p earan ce  of glyco­
gen w as so advanced  th a t  on ly  som e fib res co n ta ined  glycogen g ranu les.

The b rush  b o rd e r in  th e  p rox im al ren a l tu b u les  of th e  a ffec ted  rab b its  
w as m ore in ten siv e ly  s ta in e d  w ith  period ic  acid-Schiff reag en t th a n  th a t  in  
co n tro l anim als. In  som e ra b b its  w ith  m ucoid  en te ritis , d iffe ren tly  from  the 
co n tro ls , P A S -p o sitiv ity  s ta in e d , fine  g ran u la te s  and  la rger corpuscles could 
b e  observed  in  th e  e p ith e l cells of th e  co nvo lu ted  tu b u les . Follow ing am ylase 
tre a tm e n t, th e  b ru sh  b o rd e r an d  th e  la rg e r corpuscles w ere in v a ria b ly  sta ined  
w ith  PAS reag en t, w hile th e  fin e ly  g ran u la ted  m a te ria l d isap p eared  and  no 
P A S -p o sitiv ity  could  be  d e tec ted .

T he a c tiv ity  o f g lucose-6 -phospha tase  w as h igher in  th e  ren a l co rtex  of 
d iseased  ra b b its  th a n  in th a t  o f con tro ls.

D iscussion

F rom  th e  p re se n t s tu d ies  i t  can  be estab lished  th a t  
caused  b reakdow n o f h e p a tic  and  h e a r t  m uscle glycogen

m ucoid  en te ritis  
to  glucose, con-
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sequen tly  h y perg lycaem ia  developed. H ow ever, a t th e  te rm in a l stage  of 
disease w hen th e  glycogen sto res w ere dep le ted , th e  b lood  su g ar began to  fall 
to w ard  hypoglycaem ic levels.

A g rea tly  increased  h e p a tic  g lucose-6 -phosphatase a c tiv ity  could he 
observed  especially  in  th e  p e rip h e ry  of th e  lobu les w here  th e  m ost ac tiv e  
form  of glycogenolysis was d e tec ted . This enzym e is essen tia l in  th e  g lyco­
genolytic  action  of liver and  k idney , cleav ing  g lucose-6-phosphate  to  free 
glucose and  p h o sp h a te . A t th e  sam e tim e , i t  w as c h a ra c te ris tic  th e  h y p e r­
tro p h y  of th e  endoplasm ic re ticu lu m  w here th e  g lucose-6 -phosphatase  enzym e 
is localized ( E r i c s s o n , 1966; M ü l l e r , 1971). T he endop lasm ic  re ticu lum  is 
know n as the  m ain  site  of th e  h ep a tic  glycogenolysis (M ü l l e r  e t al., 1966).

As shown in th e  p resen t p ap er, an excessive accu m u la tio n  of glycogen 
was observed h isto log ica lly  in  th e  p rox im al tu b u le s  of k id n ey . S tudies in 
a lloxan-d iabetic  ra ts  show ed also glycogen deposition  in  the. p rox im al tubu les 
(Cu r t is  et al., 1947). T h irty -fo ld  h igher level o f glycogen w as found  in th e  
renal co rtex  of d iab e tic  ra ts  th a n  in  th a t  of con tro ls  (A n d e r s o n  and  St o w - 
r i n g , 1973). The accu m u la tio n  of glycogen in th e  k id n ey  could  be explained 
w ith  th e  increased  ra te  of ren a l gluconeogenesis. T he d iab e tic  s ta te  was ac ­
com panied by d ep le tion  of h e p a tic  glycogen, hy p erg ly caem ia  and glycosuria. 
T hus, th e  m etabolic  changes of ca rb o h y d ra te  ba lance  w ere sim ilar to  those 
observed on ra b b its  in  th e  p resen t s tu d y . H ow ever, a c h a ra c te ris tic  difference 
was th a t  the urine of hyperg lycaem ic  ra b b its  w ith  m ucoid  en te ritis  did no t 
con ta in  glucose. T he ag lycosuria  m ay  be in  re la tio n sh ip  w ith  th e  c ircu la to ry  
failu re  of th e  shocked ra b b it . In  th is  cond ition  hy p o ten sio n  develops and  
urine  fo rm ation  ceases w hen  th e  a rte ria l p ressu re  falls below  60 to  80 m m H g 
( B l a n d , 1956). T he u r in a ry  b lad d e r of th e  affec ted  ra b b its  w as em pty  or 
co n ta ined  only 1— 2 ml of u rine , in d ica tin g  clinical signs o f a n u ria  or oliguria 
(Ve t é s i  and K u t a s , 1973). T here is a fu r th e r  e x p lan a tio n  for th e  aglycosuria, 
w ith  reg ard  to  th e  fin d in g s o f F ö l d i  e t al. (1948). T he a u th o rs  observed 
passive rediffusion o f glucose th ro u g h  th e  d egenera ted  tu b u la r  ep ithelium . 
Since ra b b its  w ith  m ucoid  en te ritis  develop tu b u lo n ep h ro sis , it is possible 
th a t  th e  unabsorbed  glucose of g lom eru lar f iltra te  diffuses h a c k  in to  th e  b lood­
stream .

The exact m echan ism  an d  reason  of th e  increase of b lood  sugar are no t 
clear. A ccording to  th e  p resen t opin ion , h yperg lycaem ia  associa ted  w ith  
endo tox in  shock is due, a t  least in p a r t ,  to  ad renaline  released  from  th e  adrenal 
m edulla. Sa n f o r d  e t al. (1960) observed  th a t  ad ren a lec to m y , w ith  cortisol 
rep lacem en t, p rev en ted  th e  h ep a tic  glycogenolysis p roduced  b y  th e  in jection  
of endo tox in  in to  ra ts . B e n e d e c z k y  and  B e r t ó k  (1968) described  in tensive  
d isappearance  of ca techo lam ine  g ranu les in th e  ad ren a l g land  of endotoxin  
tre a te d  ra ts . One of us (Ve t é s i , 1974) found  sim ilar phenom enon  in  adu lt 
ra b b its  a f te r  in jec tion  of E . coli endo tox in . One th e  o th e r h a n d . K e r t a i
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(1972) could no t p roduce  hyp erg ly caem ia  in dep an creatized  and insulin 
t re a te d  dogs follow ing end o to x in  in jec tio n . This observa tion  suggests the  
possib le  role of p an c rea tic  glucagon horm one in th e  m echan ism  of h y p e r­
g ly caem ia . B oth  ad ren a lin e  an d  g lucagon  ac t sim ilarly : th e  horm ones a c tiv a te  
h e p a tic  phosphory lase v ia  th e  ad en y l cyclase-cyclic  AM P sy stem . E vidence  
h as  been  ob tained  to  in d ica te  th a t  th e  rise in adenyl cyclase a c tiv ity  is one 
o f  th e  earliest cy to to x ic  effect in  en d o to x in  shock ( J a c o b s o n  e t al., 1972).

In  add ition  to  th e  effect of en d o to x in , it  should be ta k e n  in to  consid ­
e ra tio n  th a t  hypox ia  an d  acidosis described  in rab b its  w ith  m ucoid  en te ritis  
(V e t é s i  and K u t a s , 1973) m ay  be also responsible for s tim u la te d  glyco- 
genolysis. I t  is know n th a t  h y p o x ia  causes rap id  b reak d o w n  of liv er and  
m uscle  glycogen. U n d er anaerob ic  cond itions, th e  c a rb o h y d ra tes  are  decom ­
posed v ia  the  E m bden— M eyerhof g lyco ly tic  p a th w ay  w ith  a less effic ien t ra te  
o f A T P  form ation . Since an  a d e q u a te  su p p ly  of oxygen is necessary  for glyco­
gen syn thesis, th e  glycogen sto res are  soon dep leted . F u rth e rm o re , severe 
acidosis due to  faecal b ic a rb o n a te  loss also s tim u la tes glycogenolysis. E lia s  
(1912) showed th a t  in trav en o u s  in jec tio n  of acid in to  dogs reduced  hepa tic  
g lycogen co n ten t and  caused h yperg lycaem ia.

A fter all, i t  can be estab lished  th a t  due to  several g lycogenoly tic  fac to rs, 
a sh a rp  reduction  in  th e  cellu lar glycogen co n ten t occurs. Since glycogen is 
th e  m ain in trace llu la r su b s tra te  as energy  source, w ith  progression  of shock, 
th e re  m ay be a decrease in th e  en erg y  p roduction  o f cells. C onsidering th e  
v i ta l  function  o f th e  o rgan , th e  fa ll in  th e  h ea rt glycogen level seem s to  be 
especially  deleterious.

The resu lts  o f th e  p resen t in v es tig a tio n  suggest th a t  dep le tion  of glycogen 
s to res  m ay accoun t in large p a r t fo r th e  developm ent of th e  irrev e rs ib ility  
in  shock caused by  m ucoid  e n te r itis .
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o f M rs. T. K ádá r , Miss L. K ováts a n d  M rs. Gy. P e t h e s .

Sum m ary

The effect o f n a tu ra lly  o ccurring  m ucoid  en te ritis  on th e  ca rb o h y d ra te  m etabo lism  
w as in v estig a ted  w ith  b iochem ical, h isto ch em ical and e lectron  m icroscopic m eth o d s. Besides 
th e  ex am in atio n  of a ffec ted  ra b b its , s tu d ie s  were also perfo rm ed  on h e a lth y  an im als of th e  
sam e herd.

The ca rb o h y d ra te  m etab o lism  of ra b b its  w ith  m ucoid  e n te r itis  can be described as 
follow s: increased g lycogenolysis in liv e r an d  h e a r t m uscle, h igh  a c tiv ity  of h e p a tic  and  renal 
g lucose-6 -phosphatase , ag lycosuric hy p erg ly caem ia , accu m u la tio n  of glycogen in th e  p rox im al 
tu b u le s  of k idney .

The a u th o rs  suggest th a t  severe  d is tu rb an ces in c a rb o h y d ra te  m etabo lism , f irs t o f all 
th e  depletion  of cellu lar glycogen sto res , m ay  account in large  p a r t  for th e  fa ta l end of disease.

Ada Veterinaria Academiae Scientiarum Hungaricae 24, 1974



MUCOID ENTERITIS IN THE RABBIT 311

R eferences

An d e r s o n , J .  W. an d  Sto w r in g , L .: A m . J .  Phys. 224 (1973), 930. B e n e d e c z k y , I. 
and  B e r tÓk , L . : A nn. Im m u n . H ung. 11- 12 (1968), 87. B l a n d , J .  IL : Clinical R ecognition  
and M anagem ent o f D istu rbances of B ody F lu ids. P h iladelph ia , 1956. Ch iq u o in e , A. D .: J . 
H istochem . C ytochem . 1 (1953), 429. Cu r t i s , G. W., R o bbins , S. L. an d  Glick m a n , I .: J .  
E x p . Med. 85 (1947), 373. E lia s , H .: B iochem . Z. 48 (1912), 120. E r ic s s o n , J .  L. E .: J .  H is to ­
chem . Cytochem . 14 (1966), 361. F ö ld i , M ., R u sz n y á k . I. and  Szabó , G.: Orvosi H e tilap  89 
(1948), 369. J a cobson , E . D., Gim p e l , L. P . an d  H odgins , D. S.: G astroen tero logy  62 (1972), 
765. K e r t a i , P .: A b s tra c ts  o f papers held on  th e  38. A nnual M eeting  of th e  H u n g arian  P h y s io ­
logical Society. B u d ap es t. 1972. K r u i n i n g e n , H . .1. v an  and W i l l ia m s , C. B .: V et. P a th . 9 
(1972), 53. K u tas , F ., V e t é s i , F . and Se m j é n , G.: A cta  ve t. hung. XXIV (1974), 177. Mü l l e r , 
О.: A cta  H istochem . Suppl. 10 (1971), 141. M ü l l e r . 0 . ,  J e r u s a l e m . С. and  Ma y e r sb a c h , H. 
von: Z. Zellforsch. 69 (1966), 438. Sa n f o r d , J .  P .. B arnett . J . A. an d  G ott , C.: J .  E x p . Med. 
112 (1960), 97. Sm it h , H. W.: J .  m ed. M icrobiol. 5 (1972), 299. T h om a s , L .: A nn. Rev. Phys. 
16 (1954), 467. Ve t é s i , F.: M agyar Á lla to rvosok  L ap ja  (MÁL), 1970, 465. V e t é s i , F .:  u n ­
published d a ta  (1974). V e t é s i , F.  and K u t a s , F .:  A c ta  vet. hung. XXIII (1973), 381.

A ddress of th e  a u th o rs : Dr. F e renc  V e t é s i , D r. Ferenc  K u ta s , 1078 B u d ap es t, 
L and ler J .  u . 2. H ungary

Acta Veterinaria Academiac Scientiarum Hungaricae 24, 1974





Acta Veterinaria Academiae Scientiarum Hungaricae. Tomus 24 (3). pp. 313 — 326 (1974)

STUDIES ON THE PATHOGENICITY 
OF TOXOPLASMA  FOR MICE

By

L. P e l l é r d y  and M. D o b o s - K ovács

D e p a rtm e n t of G eneral Zoology an d  P a ra sito lo g y  (H ead : Prof. T. K o b u l e j ) and  D ep artm en t 
o f P a tho log ical A n a to m y  (H ead : P rof. A. K a r d e v á n ), U n iv e rs ity  o f  V e te rin a ry

Science, B u d ap es t

(R eceived  M ay 10. 1974)

T he p a th o g en ic ity  o f th e  v eg e ta tiv e  form  of Toxoplasm a  for hum ans an d  
v a rio u s an im als has been  e lu c id a ted  in  g re a t d e ta il b y  ex ten siv e  in v estig a tio n s 
conduc ted  since th e  b eg inn ing  of th is  c en tu ry . L ittle , is how ever, know n ab o u t 
th e  effects of Toxoplasm a gond ii oocysts, passed  by  th e  ca t an d  sp o ru la tin g  in 
th e  ou tside  w orld , on non-fe line  h osts  a f te r  ta k in g  th em  up  o rally .

F r e n k e l  (1973) m ade in  his tex tb o o k  a b rie f  reference to  oo cy st p a th o g en ic ity , illus­
tra t in g  i t  w ith  a few histo log ical p ic tu res , b u t  n o t exp lain ing  it in a g re a te r  de ta il. More in fo r­
m atio n  is em erging from  th e  re p o rt  o f D u b e y  an d  F r e n k e l  (1973), who concluded  from  studies 
on  fo u r Toxoplasm a  s tra in s  t h a t  o ra lly  ad m in iste red  oocysts were d e fin ite ly  p a th ogen ic  for 
m ice, a lth o u g h  th e  degree of d am ag e  v a ried  w ith  th e  s tra in . Two stra in s  caused  a le th a l to x o ­
p lasm osis in  th e  m ouse on o ra l a d m in is tra tio n  of v e ry  few — 1 to 10 — oocysts, w hereas the  
o th e r  tw o req u ired  a m assive dose — a t least 1000 oocysts — to  p ro d u ce  th e  sam e effect. 
S y s tem atic  in v estiga tions in to  th e  p a th o g en ic ity  o f Toxoplasma gondii oocysts for mice have 
n o t ye t been reported .

The p resen t stud ies w ere carried  o u t w ith  th e  aim  to  th ro w  m ore ligh t 
on th e  problem  by  in fec tio n  ex p erim en ts  an d  detailed  analy sis  of gross and  
m icroscopic lesions.

M ateria ls and  M ethods

P a r t  of th e  oocysts u sed  in  th e  s tu d ies  w ere iso la ted  from  young  ca ts 
in  th is  la b o ra to ry  (s tra in  “ B u d a p e s t” ), p a r t  belonged to  th e  s tra in  “ G ail” 
received  th ro u g h  th e  co u rte sy  of P rofessor P i e k a r s k i  (B onn, G F R ).

B o th  s tra in s  were m a in ta in e d  b y  seria l tran sfe rs  in  m ice as follows: organ 
suspensions p rep ared  from  cy st-co n ta in in g  m ouse b ra in  in  saline w ere a d ­
m in is te red  orally  th ro u g h  a gastric  tu b e  to  susceptib le  m ice. T hose su rv iv ing  
th e  in fec tion  developed T oxoplasm a  cysts in  th e  b ra in  a fte r  a ce rta in  tim e.

T he sh o rtes t in te rv a l b e tw een  tra n sfe rs  from  m ouse to  m ouse w as 15 
d ay s , th e  longest 187 days in  our h an d s. A d m in is tra tio n  of th e  b ra in  suspension 
to  th e  rec ip ien t was alw ays ca rried  ou t p er os an d  w ith in  one h o u r a fte r th e
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ex te rm in a tio n  of th e  donor. P rio r to  tran sfe r , th e  presence o f cysts in th e  in ­
fectious m ateria l was a sce rta in ed  by  m icroscopic ex am in a tio n .

To ob ta in  oocysts from  ca ts , f ir s t  th e  Toxoplasm a  in fec ted  m ouse b ra in , 
secondly  the  en tire  m ouse w as fed to  cats of various ages. P a r t  of th e  ca ts  
began  to  pass oocysts a f te r  one w eek; these  w ere, a f te r  an  ap p ro p ria te  en rich ­
m en t and  pu rifica tio n , sp o ru la te d  in a 2%  aqueous p o tassiu m  b ichrom ate  so lu ­
tio n  a t room  te m p e ra tu re , w ashed several tim es in  w a te r  b y  cen trifuga tion  
and  stored  a t -j-4°C u n til  used. T he oocysts w ere coun ted  in  a B u erk er-ty p e  
h aem acy to m eter an d  th e  re su lts  w ere com pared  w ith  th o se  ob ta ined  by  th e  
tra d itio n a l sim ple m e th o d  o f p a ra s ite  egg and  oocyst co u n tin g , viz., oocysts 
w ere counted  in 20— 25 fie lds of vision u n d er a coverslip  p laced on 0.05 ml 
suspension , the  average  n u m b e r of oocysts for one field  of v ision  was ca lcu la ted  
and  m ultip lied  by  th e  n u m b e r of fields in th e  en tire  area  of th e  coverslip and 
th e  re su lt was m u ltip lied  b y  20 to  o b ta in  th e  to ta l  n u m b e r for one m l. T he 
coun ts determ ined  b y  th e  tw o procedures were alw ays in  good accordance 
w ith  each other.

For mouse p a th o g e n ic ity  s tu d ies , oocysts of b o th  s tra in s  were ob ta in ed  
from  cats  as described above an d  w ere ad m in is te red  ora lly  to  groups of albino 
m ice. The in d iv idua l dose range  was five oocysts to  one m illion. Mice killed 
b y  th e  toxop lasm a in fec tio n  w ere processed e ith e r im m ed ia te ly  or 1—2 hours 
a fte r  dea th  a t th e  la te s t . Specim ens secured from  v ario u s organs (several 
segm ents of sm all in te s tin e , m esenteric  ly m p h  nodes, liv er, spleen, k idneys, 
pancreas, lungs, h e a r t , b ra in , etc.) for h istological ex am in a tio n  were fixed  in 
10%  form alin , em bedded  in  p a ra ffin , and  th e  sections w ere s ta in ed  w ith  haem a- 
to x y lin  and  eosin.

In  th ree  ex p e rim en ta l g roups, iso lation  of b a c te ria  w as a tte m p te d  from  
v ario u s segm ents of sm all an d  large in tes tin e  and  liver, u n d e r aerobic cond i­
tio n s, on com m on an d  b lood  ag ar as well as on D riga lsk i’s m edium .

A ppropria te  co n tro l mice of th e  sam e age an d  b reed  an d  m ain ta in ed  
u n d er iden tical co n d itio n s w ere set up w ith  each ex p e rim en ta l group.

E xperim ental

a. Isolation o f  the “ Budapest'^ strain. A bout tw o years  ago a young  ca t 
exam ined  was found  to  pass w ith  th e  stool large am o u n ts  of oocysts, w hich 
appeared  to  co rrespond  to  th e  ty p e  form erly  know n as Isospora bigem ina. 
T hey  were ro u n d  or e llip tic , an d  11— 15 b y  9 — 12 pm  in  size. The oocysts 
w ere sp o ru la ted  in th e  la b o ra to ry  and  adm in iste red  to  10 mice, w hich all died 
betw een  5 and 11 day s a fte r  infection . The in fection  exp erim en t was rep ea ted  
on th ree  ad d itio n a l occasions, again on groups of 10 m ice, using 50,000 to  
100,000 oocysts as in d iv id u a l dose. The infection  w as le th a l  in every in stan ce .
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O ut of 10 m ice in fec ted  abou t one and a h a lf  m on ths la te r  tw o h ad  a 
p ro tra c te d  course of d isease: one d ied  on th e  13th  d ay  a fte r  in fec tion , th e  
o th e r w as killed in th e  te rm ina l s tag e  s im u ltan eo u sly . These tw o mice had  
Toxoplasm a  cysts in th e  b ra in , w hich w ere never found  in  mice died earlier. 
The s tra in  could be m a in ta in ed  by o ra l tra n s fe r  o f th e  cy st-co n ta in in g  b ra in  
m a te ria l to  suscep tib le  mice.

Several biological p roperties o f th e  iso la te  w ere com pared  w ith  those of 
th e  s tra in  “ G ail” an d  th e  two s tra in s  w ere found  to  be essen tia lly  sim ilar. 
No m orphological d iffe ren tia tio n  was possib le  on th e  basis of b ra in  cysts and  
oocysts passed  by th e  c a t and no n o ta b le  difference was found  e ith e r in  m ouse 
p a th o g en ic ity .

T ab le  I

P a th ogen ic ity  of cysts o f va rio u s ages of the  Toxoplasm a  s tra in s  “ B u d ap est” and  “ Gail”  on oral

adm in istra tion  to  the  m ouse

L a te n c y  period 
(d ay s)

S t ra in  Gail S tra in  B u d ap est

N u m b e r  o f  m ice d ied  w ith in  14 d a y s /n u m b e r 
o f m ice in fected

15 3/10

19 1/10

20 0/10

2 2 2/10

23 0/10 0/10

35 7/10

37 1/10

47 1/10

70 5/10 2/10

77 2/10

106 7/10 5/10

187 5/10 3/10

b. Pathogenicity o f  Toxoplas/na cysts. O ral in fec tion  w ith  cy st-co n ta in in g  
b ra in  m a te ria l killed th e  m ajo rity  o f  th e  m ice w ith in  14 days, th e  m in o rity  
su rv iv ed . The m o rta lity  was still h ig h e r an d  th e  sym ptom s were m ore severe 
w hen b ra in s  of mice con ta in in g  older cy s ts  a f te r  a long -stan d in g  infec tion  were 
used. In  such cases losses often reach ed  70% , w hereas w ith  young  cysts th e  
m ax im u m  m o rta lity  w as 30%  (Table I ) . The h igher p a th o g e n ic ity  of old cysts 
m ay  h av e  been due to  the  g rea te r n u m b e r of b rad y zo ite s  inside th em  or, 
p ro b a b ly , to  the  d evelopm en t of fu th e r  cysts from  th e  re leased  b radyzo ites.*

* T he te rm  “ b ra d y zo ite s” , proposed b y  F r e n k e l  (1973), is used to designate  th e  a p p a r ­
en tly  re s tin g  develo p m en ta l stages fo rm erly  d e s ig n a ted  as zoites or m erozoites, w hich localize 
inside th e  cy sts, as opposed  to  th e  vigorously  m u ltip ly in g  tach y zo ites  (form erly  called tro p h o ­
zoites, p ro life ra tiv e  s tages, etc.), w hich occur single, in  pa irs  or in groups of various sizes in 
d iffe ren t organs.

Acta Veterinaria Academiae Scienliarum Hungaricae 24, 1974



316 PELLÉRDY and DOBOS-KOVÁCS

T he observation  th a t  som e of th e  su rv iv in g  mice unexp ec ted ly  began  to  show  
ro ta tin g  m o vem en ts a fte r a re la tiv e ly  long sym ptom less period , w eighs in  
fav o u r of th is  im p lica tio n . The ro ta t in g  m ovem en ts, lastin g  a few days, m ay  
well have been th e  sign of d ev e lopm en t of new cysts in th e  b ra in . This accords 
w ell w ith  th e  m icroscopic  find ing  th a t  a p a r t  from  th e  usual cysts , 4 0 —50 ftm 
o r even m ore in  d ia m e te r , the  b ra in s  o f m ice w ith  a long -stand ing  toxop lasm osis 
o ften  co n ta ined  sm alle r form s as w ell (Fig. 1).

c. Pathogenicity o f  Toxoplasm a oocysts. E x p erim en ta l in fec tion  w ith  
sp o ru la ted  oocysts of th e  “ B u d ap est”  an d  “ G ail”  s tra in s  killed alm ost all m ice,

Fig. 1. Toxoplasm a  c y s ts  o f various sizes in  th e  b ra in  of one an d  th e  sam e m ouse, ab o u t tw o  
m o n th s  a fte r oral in fec tion  w ith cy st-co n ta in in g  b ra in  m ate ria l. U n s ta in ed  p re p a ra tio n ;

X a b o u t 750

irrespectiv  e of th e ir  age, w ith in  5— 11 days. S urv ival was ex cep tional an d  oocyst 
infection  could well be regarded  as le th a l for mice. The tw o s tra in s  d id  n o t 
n o ta b ly  differ in  re sp ec t of p a th o g e n ic ity .

In v es tig a tio n s  in to  the  oocyst dose requ ired  for pa thogen ic  effect led to  
th e  su rp rising  d isco v ery  th a t  n e ith e r  sev e rity  of th e  infection  nor d ea th  seem s 
to  depend  m uch  on th e  ac tual n u m b e r of o rally  ad m in is te red  oocysts (T able 
II) . As in the  p rev io u s  experim en ts in d iv id u a l doses of 105— 106 oocysts p ro v ed  
to  be 100%  le th a l for m ice, only doses of 50,000 or less oocysts w ere te s te d  for 
p a th o g en ic ity  in  th e  com p ara tiv e  ex p e rim en ts . As seen in T able I I ,  m ice given 
th e  la rger doses u su a llv  died earlier th a n  those  fed w ith  th e  sm aller ones. T here  
w ere, how ever, sev era l exceptions, e.g., th e  f irs t m ouse in th e  group t r e a te d  
w ith  5000 oocysts a lread y  died on th e  s ix th  day , w hereas am ong m ice g iven 
50.000 oocysts, losses began  to  occur one d ay  la te r . Mice given th e  low er doses
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Table II

P a th o g en ic ity  of oocysts of the  s tra in  “ B u d ap es t”  on oral ad m in istra tio n  to  mice

N u m b e r o f  oocysts 
used  fo r  in fec tion

50,000 5,000 500 50 5

No. o f  e x p e rim en ts I I I  I I I  I  I I  I I I I I I  I I I I  I I  I I I I

No. o f mice 4 3 3 4 3 3 4 3 3 4 3 3 4

6. day  p.i. ~ r

7. d ay  p.i + +  + +

8. d ay  p.i. + + +  + +  + +  +

9. d ay  p.i. T “

+  +  +

+ +

+  + + +

10. d ay  p.i. +  + + +  +

11. d ay  p.i. + +  +  + + + +  +  

+

Survivors + +

p.i. = post infection

u su a lly  d ied  betw een  9 an d  11 days a f te r  in fec tion , w hereas in  th e  large-dose 
groups v e ry  few an im als surv ived  th e  n in th  day .

d. Clinical observations. Mice in fec ted  o ra lly  w ith  oocysts of s tra in  
“ B u d a p e s t”  or s tra in  “ G ail” becam e listless a few hours before d e a th . T heir 
ha ir w as ru ffled  an d  d ir ty  and th e  skin of th e ir  ta il  and ear assum ed  a b lu ish- 
grey t in t .  P a r t  of th e  d iseased mice developed  d ia rrh o ea , passing  in s tead  of th e  
no rm al pelle ts a p a s ty  or w ate ry  stoo l ad m ix in g  w ith  m ucus. In  som e cases 
p ra c tic a lly  th e  en tire  faeces consisted  of a viscous m ucus, fo rm ing  occasionally  
a cy lind rica l clot. T h e  p erianal h a ir  w as g lued to g e th e r b y  th e  m ucous faeces, 
w hich soiled the  h a ir  also in o ther p a r ts  an d  th e  cy lindrical clot o f m ucus often  
ad h ered  to  th e  ro o t of th e  ta il. I t  shou ld  be m en tio n ed  th a t  th e  o th e r  p a r t  of 
th e  an im a ls  d id  n o t show  any  sign of d ia rrh o ea , a lthough  o therw ise  th e y  w ere 
severely  ill.

T h e  te rm in a l s tag e  w as ch a rac te rized  b y  w eakness of th e  h in d  p a r t  of 
th e  b o d y , g rea te r or lesser increase o f ab d o m in a l vo lum e, slow , sw aying 
m o v em en ts  and , f in a lly , com plete p ro s tra tio n  w hich  was follow ed b y  d e a th  
w ith in  seconds or m inu tes.

e. Gross lesions. In  a few carcases th e  spleen w as sw ollen, b u t in  th e  m a jo r­
ity  i t  ap p eared  n o rm al. A portion  of th e  sm all in te s tin e  was d is ten d ed , above 
all th e  ileum , b u t occasionally  also som e segm ents orally  to  th e  ileum , show ed
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F ig. 2. In te s tin e  o f m ice d ied  afte r oral in fec tion  w ith  oocysts. N ote  d istension  of th e  sm all 
in te s tin e  and e n la rg em en t o f  in te stin a l ly m p h a tic  follicles (f.l.) and  m esenteric  ly m p h  nodes

(l.m .). R o ugh ly  n a tu ra l  size

d istension  over a g re a te r  or lesser d is tan ce  (F ig. 2). T he wall of th e  sm all in ­
te s tin e  appeared  e ith e r  d a rk  red, or g rey ish -w h ite  or greyish-yellow  w hen  
v iew ed th ro u g h  th e  serosa , and  i t  w as a lw ays glossy, ow ing to  serous in f i l t r a ­
tio n . The d is ten d ed  p o rtio n  of th e  sm all in te s tin e  w as filled b y  t r a n s p a re n t  
slig h tly  opalescent or tu rb in  co n ten ts, w hich  w ere e ith e r  w a te ry  or m ucous and  
viscous, in freq u en tly  je llinaceous in consistency . T h ere  was a d is tin c t m u ra l 
th ick en in g  in th e  a ffec ted  portions. T he co n ten ts  o f th e  large in testin es  ra re ly

F ig. 3. Segm ent from  sm all in testine  of a m ouse died  a fte r  o ra l infection  w ith  oocysts. T he 
in te s tin e  is d is ten d ed , th e  enlarged in te s tin a l ly m p h  follicles (f.l.) are conspicuous a n d  an  

enlarged m esen teric  ly m p h  node (l.m .) is seen in  th e  cen tre . A bout double life-size
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resem bled tho se  of th e  sm all in te s tin e , b u t usually  th e y  were e ith er p a s ty  or 
norm al. The m ucous m em branes of b o th  sm all and  large  in testin es  were g rey ­
ish-w hite, less often  d a rk  red  in colour, bu t alw ays ap p eared  sw ollen and  
th ickened .

T he ly m p h a tic  follicles of th e  sm all in testine  en larged  to  th e  size of a 
m illet seed and , p ro tru d in g  b e n e a th  th e  serosa, could easily  be d istingu ished  
from  th e  d a rk e r in te s tin a l wall by  th e ir  greyish-w hite co lour (Fig. 3). In  cer-

Fig. 4. Section from  sm all in te stin e  of a m ouse died afte r o ra l in fec tion  w ith  oocysts. Sub- 
ep ithe lia l p lasm a deposition  lifts th e  m ucous endothelium . H E  sta in ; X ab o u t 110

ta in  cases grey ish-red  eroded areas, show ing the  con tou rs of ly m p h a tic  follicles 
were found  in  th e  m ucosa correspond ing  to  the  follicles.

T he m esenteric  ly m p h  nodes en larged  to  d iffe ren t degrees (som etim es 
enorm ously), assum ed a g rey ish -w hite  colour and show ed, to g e th e r w ith  th e  
su rround ing  m esen teriu in , a serous in filtra tio n  (Figs 2 —3). U pon incision, 
glossy, ju icy  areas of in d is tin c t s tru c tu re  a lte rn a ted  w ith  nacreous, p in -p rick  
foci.

The liver u sua lly  ap p eared  n o rm al, in a few cases it  w as s ligh tly  enlarged , 
greyish-brow n in colour and  rig id . T he surface of its  incisions show ed loss of 
s tru c tu ra l defin ition  an d  som etim es a few grey ish-w hite , p in -p rick  foci w ere 
seen on th em . The p a ren ch y m a  w as friab le . The k id n ey s w ere norm al.

T he lungs show ed hy p eraem ia  an d  acu te  em physem a of v a ry in g  severity , 
b u t no o th e r lesion. In  a few cases th e re  was a general, acu te  d ila ta tio n  of th e  
hea rt.

f. M icroscopic lesions. In  various segm ents of th e  sm all in te s tin e , serum  
like flu id  s ta in in g  hom ogeneously  w ith  eosin sep ara ted  th e  m ucous ep ithe lium  
from  th e  p ro p ria  (F ig. 4). T he ep ith e lia l coat of th e  in te s tin a l villi was shed
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in  la rg e  patches in sev e ra l p laces, th e  sh reds adm ix ing  w ith  th e  co n ten ts  of th e  
in te s tin a l lum en (F ig . 5). O ccasionally  th e  ep ithe lia l d e sq u am a tio n  was lim ited  
to  th e  apical p a rts  o f th e  villi.

The cy toplasm  of m o st ep ithe lia l cells was loose an d  vacuolized . Cells 
in  th e  process of d e sq u a m a tio n  or a lread y  shed show ed n u c lea r  pycnosis and  
rh ex is . D evelopm en ta l s tag es  of to xop lasm s coidd n o t be de tec ted  in th e  
in te s tin a l ep ithelial cells. In  ce rta in  cases m any  b a c te ria  w ere found a1 th e

F ig . 5. Com plete d e sq u a m a tio n  of th e  ep ith e lia l lay e r in  sm all in testin e . H E  sta in ; X ab o u t 110

lu m in a l side of in te s t in a l  ep ithe lia l cells an d , a fte r th e ir  d e sq u am atio n , on th e  
su rface  of th e  d en u d ed  p rop ria .

The propria  of th e  m ucosa, inc lud ing  th e  s tra tu m  v illosum  of the  v illi, 
show ed an accu m u la tio n  o f flu id  an d  loss of s tru c tu ra l d e fin itio n . In  places, in fil­
t r a t in g  neu troph ilic  g ran u lo cy tes  an d  residues of d e te r io ra ted  cells (m acro­
p h ag es) were also seen in i t  (F ig. 6). C om plete d e s tru c tio n  of th e  m ucosal 
g lands occurred in  sev e ra l p a rts  o f th e  denuded  areas. In  ce rta in  in testin a l 
segm ents only th e  co n n ec tiv e  tissue  of th e  p ro p ria  and  in side  th e  fibrous n e t­
w ork  residues of d e te r io ra te d  cells w ere le ft. The m ucosal vessels were usually  
m ark ed ly  d istended  a n d  filled  w ith  e ry th ro cy te s . L ym ph  spaces and  lym ph  
vessels in th e  in te s tin a l w all were as a ru le  d istended  an d  filled  b y  lym ph  con­
ta in in g  various n u m b e rs  of cells.

The in trace llu la r s tag es  of toxop lasm s (m inor or m a jo r groups of tachy- 
zo ites) usually  localized  in  th e  cy to p lasm  of m acrophages (re ticu lum  cells), 
less often  in o th e r cells (e.g., n eu tro p h ilic  g ranu locy tes) of th e  p ropria . In  
c e r ta in  places single s tag es  w ere en co u n tered  in  an  ex tra c e llu la r  localization  
(F ig . 7). T achyzoites w ere  found  in  th e  m uscularis m ucosae, occasionally  also
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Fig. 6. The m ucous ep ith e liu m  of th e  sm all 
in te s tin e  is lifted  from  th e  in te s tin a l villus 
b y  accu m u la tio n  o f hom ogeneously  s ta in in g  
flu id  (serum ). The v illous lay e r o f th e  villus 
co n ta in s m an y  cell debris , p ro life ra tin g  r e ti­
cu lum  cells and neu tro p h ilic  g ran u lo cy tes . 

H E  sta in ; x  ab o u t 275

Fig. 7. R eleased  tac h y zo ite s  (arrow s) in th e  
p ro p ria  of th e  sm all in te s tin e . H E  sta in ; 

X a b o u t 700

in  th e  subm ueosa, occurring  som etim es in groups inside th e  cy top lasm  of 
m acrophages. N eith er th e  m uscle layer, no r th e  serous m em b ran e  of th e  in ­
te s tin e  show ed n o tab le  lesions.

E x tra c e llu la rly  localizing  single tach y zo ite s  an d  g roups of tach y zo ites  
inside th e  m acrophages w ere found  in th e  ly m p h  spaces, ly m p h  capillaries 
and m inor ly m p h  channels o f th e  in tes tin a l villi (Fig. 8).

In  th e  in te s tin a l ly m p h a tic  follicles th e  w ide ly m p h  spaces w ere filled  
by a flu id  rich  in cells and  cell debris . G roups of various n u m b ers  of tach y zo ite s  
occurred  inside th e  re ticu lu m  cells form ing th e  basic  s tru c tu re  of ly m p h a tic  
follicles (F ig. 9). T he re ticu lu m  cells showed a vigorous p h ag o cy tic  an d  p ro lif­
e ra tiv e  a c tiv ity .

The m esenteric  ly m p h  nodes showed v a rious degrees o f re ticu lu m  cell 
h y p erp lasia  and  th e  cells th em selv es  d isp layed  a vigorous p h ag o cy tic  a c tiv ity . 
T he d is ten d ed  sinuses w ere filled  by  lym ph , co n ta in in g  d e sq u a m a te d  cells of 
sinuso idal en d o th e liu m  and  cell debris. The d esq u am a ted  en d o th e lia l cells
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Fig. 8. Group of tach y zo ites  inside a re ticu lu m  
cell localizing in  th e  lu m en  o f a d is ten d ed  
m u ra l lym ph cap illa ry  in  th e  sm all in testin e . 

H E  sta in ; X a b o u t 1800

Fig. 9. In te s tin a l ly m p h  follicle. T he lym ph 
spaces are d is ten d ed  an d  filled by  ly m p h  u su ­
ally co n ta in ing  cell debris. G roups of ta c h y ­
zoites are seen in side  a few re ticu lu m  cells.

H E  s ta in ; X ab o u t 700

a n d  th e  re ticu lu m  cells o f th e  su p p o rtin g  s tru c tu re  co n ta in ed  one or more 
tach y zo ite s  (Fig. 10).

The liver cells w ere in  th e  s ta te  of c loudy sw elling and  th e  cells of th e  
R H S  system  show ed v a rio u s degrees of focal or diffuse p ro life ra tio n . G roups of 
tach y zo ite s  were som etim es found  in p ro life ra tin g  cells (F ig . 11).

The splenic follicles w ere sligh tly  enlarged an d  th e ir  re ticu lu m  cell ele­
m e n ts  showed a v igorous phagocy tic  a c tiv ity . P a r t  o f th e  re ticu lu m  cells had  
frag m en ted  nuclei, o th e rs  w ere sh ru n k en , and som e of th em  were p ro lifera ting . 
N o Toxoplasma  stages w ere found  in  the  spleen, only  a few s tru c tu re s  rem i­
n isc e n t of them .

In  the  k idneys, th e  seco n d ary  con to rted  tu b u le s  show ed tubu lo n ep h ro sis  
o f  v a ry ing  severity .

No n o tab le  m icroscopic  lesions were found  in  th e  p an creas , h e a r t and 
lu n g s. The b ra in s  o f th o se  m ice w hich died  w ith in  5— 11 days a fte r in fection  
n e ith e r  con ta ined  Toxoplasm a  cy sts , nor show ed changes re la ted  to  th e  presence 
o f  Toxoplasma.
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Fig. 10. G roup o f  tach y zo ites  su rrounded  
b y  a  p a ras ito p h o ro u s  vacuole  inside a r e t i ­
cu lum  cell o f a m esen teric  ly m p h  node. H E  

sta in ; X a b o u t 1800

F ig. 11. G roup of tach y zo ites  in a p ro life ra t­
ing h ep atic  R H S  cell. H E  sta in ; X a b o u t 

1800

In  the  b ra in s  of th e  su rv ivors, cysts and  in trace llu la rly  localizing g roups 
of tach y zo ites  w ere found  from  th e  13th  day  on. T he estab lish m en t of th e  
p a ra s ite s  in th e  b ra in  was accom pan ied  b y  h istio -ly m p h o cy tic  in f iltra tio n  
along som e m en ingeal an d  cerebral vessels an d  focal p ro life ra tio n  of glia cells 
in  th e  b ra in . T o x o p lasm a  stages w ere found  in  v a rio u s  p a r ts  o f th e  b ra in . 
B y th e  tim e th e  s tag es  estab lished  them selves in th e  b ra in , little  if any  in d i­
ca tion  was found  of th e  organic lesions described in th e  foregoing.

g. Bacteriological exam inations. Iso la tio n  of b a c te ria  was a tte m p te d  
from  th e  in te s tin a l co n ten ts  and  livers of mice from  th re e  exp erim en ta l g roups, 
in fec ted  w ith  d iffe ren t oral doses of oocysts. In  every  case, pu re  cu ltu res of 
Escherichia coli b a c te r ia  were iso la ted  in  g rea t n u m b er from  various segm ents 
of th e  sm all in te s tin e  an d  from  the  caecum  and colon. Mice exam ined  bac te rio - 
logically before o ra l in fection  w ith  oocysts y ielded no b a c te ria  in th e  co n ten ts  
of th e  a n te rio r th ird  or h a lf  of th e  sm all in te stin e , w hereas in th e  p o ste rio r 
p a r t  as well as in th e  caecum  and  colon only very  few E . coli organism s w ere 
p resen t am ong th e  o th e r flo ra  com ponen ts (e.g., en terococci).
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O ccasionally  a few  colonies of E . coli could be iso la ted  from  the  liver 
o f oocyst-in fec ted  m ice, b u t  in th e  m a jo r ity  of th e  cases th e  liv er w as bacterio - 
log ica lly  negative .

T he aqueous suspension  o f T oxoplasm a gondii oocysts u sed  fo r th e  ex ­
p e rim e n ta l in fections p ro v ed  to  be n e g a tiv e  w hen  checked bacterio log ically .

D iscussion

A ccording to  th e  p re sen t s tu d ies , th e  feline Toxoplasm a gondii s tra in s  
“ B u d a p e s t”  and  “ G ail”  a re  very  sim ilar in resp ec t of m orphological c h a ra c te r­
istics an d  p a th o g en ic ity  for th e  m ouse.

In  infection  ex p e rim en ts , oocysts passed  from  th e  d igestive  t r a c t  of th e  
ca t caused a severe, u su a lly  le th a l d isease in b o th  young an d  old alb ino mice 
on o ra l ad m in is tra tio n . In  certa in  cases f iv e  oocysts w ere su ffic ien t to  kill th e  
m ouse a fte r  a period  o f illness, b u t as a ru le , p a th o g en ic ity  w as m ore pronounced  
w ith  la rger oocyst doses.

M icroscopic ex am in a tio n  rev ea led  deve lopm en ta l stages of T. gondii 
in  v a rio u s organs of th o se  mice w hich succum bed  to  oral in fection  w ith  oocysts. 
V arious num bers of s tag es  w ere fo u n d  in  th e  villous ep ith e liu m  of in te s tin a l 
v illi, in  deeper lay e rs  o f th e  p rop ria , in  in te s tin a l lym ph  follicles an d  m esen teric  
ly m p h  nodes and , in fre q u e n tly , in  th e  liv e r paren ch y m a. Single tach y zo ite s  
or g roups of th em  ch ie fly  occurred  in  re ticu lu m  cells, less o ften  in  o th e r cells 
(e.g., in neu tro p h ilic  g ran u lo cy tes  an d  en do the lia l cells o f ly m p h  sinuses). 
T he vigorous in tra c e llu la r  m u ltip lica tio n  o f tachyzo ites in ju res  an d  kills m any  
cells. The p ronounced  phag o cy tic  a c t iv i ty  of th e  R H S cells in various organs 
( ly m p h a tic  follicles o f sm all in te s tin e , m esen teric  ly m p h  nodes, liver an d  
sp leen) plays an  im p o r ta n t  role in  th e  d es tru c tio n  of th e  p a ras ite s .

No cysts w ere  fo u n d  in th e  b ra in  of those  mice w hich died w ith in  11 
d ay s  a fte r ex p erim en ta l infection . In  su rv iv o rs  cysts ap p eared  13 days a fte r 
in fec tio n  a t th e  ea rlie s t.

Lesions in d ica tiv e  of m y o card itis , pneum o n itis  and  encephalitis , as re ­
p o r te d  b y  D u b e y  a n d  F r e n k e l  (1973) w ere n o t found  b y  us. A focal ence­
p h a litis , w hich w as in  a ll p ro b a b ility  re la te d  to  Toxoplasm a  in fec tio n  w as n e v ­
e rthe less found  in  th o se  anim als w hich  h ad  su rv ived  th e  11 th  d ay  and  w ere 
k illed  a t a la te r tim e .

O ral in fection  w ith  cysts in  b ra in  suspension p roved  to  be less severe 
th a n  oocyst in fec tio n : a g rea te r or lesser p a r t  of th e  in fec ted  m ice su rv ived  
a n d  b radyzo ites developed  inside th e  cy sts  in th e ir  b ra in . T he g rea te r  m o rta lity  
o b served  on using  b ra in  m a te ria l from  m ice w ith  a lo n g -stan d in g  toxo p lasm o ­
sis m ay  have been  due  to  th e  m u ltip lica tio n  of Toxoplasm a  cy sts  in  th e  b ra in  
o f th e  donors.
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T he su rp rising  observation  th a t  v e ry  few  oocysts could p roduce a  le th a l 
illness, a lthough  d e a th  ensued so m ew h at la te r  th a n  w ith  m assive doses, has 
led  us to  speculate  w h e th e r the  fa ta l o u tco m e  was in fac t due p rim arily  to  th e  
e s tab lish m en t of th e  parasites  in th e  h o s t follow ed by  cell d estru c tio n  b y  th e  
d ev e lo p m en ta l stages and , p robab ly , b y  th e  p ro d u c tio n  of th e  h y p o th e tic a l 
to x o to x in . The sy m p to m s (mucous sto o l, severe p e riphera l c ircu la tio n  in su f­
fic iency ), p o stm o rtem  find ings (accu m u la tio n  of flu id  in th e  in te s tin a l lu m en , 
serous in filtra tio n  o f th e  in testin a l w all) an d , especially , th e  m icroscopic lesions 
(d esq u am atio n  of ep ithe lium  owing to  su b ep ith e lia l p lasm a accu m u la tio n  in 
th e  sm all in te stin e , regressive lesions o f ep ith e lia l cells, d istension  a n d  co n ­
gestion  of blood and  ly m p h  vessels w ith  b lood  an d  cellu lar lym ph , re sp ec tiv e ly , 
tu b u la r  nephrosis, etc.) suggested t h a t  th e  d e a th  was caused b y  shock. T he 
ex p e rim en ta l o b serv a tio n s ind ica te  t h a t  th e  shock was elicited  by  a to x ic  
effect, viz ., an en te ro to x aem ia , in w hich  E . coli b ac te ria  also p layed  a ro le , to  
ju d g e  from  th e ir m ark ed  increase in  c e r ta in  in te s tin a l segm ents of th e  sick 
an im als. The ex p lan a tio n  lies close a t  h a n d  th a t  Toxoplasm a  invasion  b rings 
a b o u t v a rio u s fu n c tio n a l disorders in  th e  in te s tin e , one of w hich is m an ifested  
b y  th e  ex a lted  g row th  o f E . coli, a co m p o n en t of th e  norm al flo ra . T he co n ­
siderab le  am oun t o f to x in  (endo- a n d  en te ro to x in s), released by  th e  g re a tly  
m u ltip lied  E . coli organism s m ay, in ad d itio n  to  th e  d irec t effect o f to x o - 
p la sm s , p la y  a decisive role in th e  d ev e lo p m en t of en te ro to x aem ia , v iz ., of 
acu te  en d o to x in  shock  in mice o ra lly  in fec ted  w ith  oocysts. The in te s tin a l 
changes found  by  us in  fa ta l cases of e x p e rim e n ta l m urine toxoplasm osis w ere si­
m ilar to  tho se  observed  b y  B ertok a n d  TÓTH (1963) in mice tre a te d  in tra v e n o ­
usly  an d  in tra p e rito n e a lly  w ith  the  L P S -frac tio n  of E . coli endo tox in , and  even  to  
th o se  fo u n d  in ra b b its  w ith  the  m ucous e n te r itis  generally  a t tr ib u te d  to  e n te ro ­
to x a e m ia  (V e t é s i , 1969). I t  is know n t h a t  th e  developm ent of en te ro to x aem ia  
is p ro m o ted  by  p red isposing  facto rs, e.g., in  ra b b its  th e  m ucosal in ju ries  an d  
fu n c tio n a l d isorders caused  by in te s tin a l coccidiosis m ay g rea tly  fav o u r th e  
e s ta b lish m e n t of m ucous en teritis  (L ö l ig e r  e t a l., 1969). We are therefo re  of th e  
opinion th a t  in m ice in fec ted  orally  w ith  T . gondii oocysts, en te ro to x aem ia , 
viz., th e  to x in  shock re la te d  to  th e  ex tre m e  m u ltip lica tio n  of E . coli in  th e  
jn te s tin a l co n ten ts , p lay s a decisive ro le in  th e  fa ta l ou tcom e of th e  d isease.

S um m ary

A Toxoplasm a  s tra in  designated  “ B u d a p e s t”  was iso lated  from  a cat o f unknow n orig in  
by  oral a d m in is tra tio n  of th e  sporu la ted  oocysts to  m ice. T he s tra in  was m ain ta in ed  b y  o ra l 
tra n s fe r  o f m ouse b ra in s co n ta in in g  cysts to  m ice a t  in te rv a ls  ran g in g  from  15 to  187 days. 
The m ouse p a th o g en ic ity  o f th e  s tra in  “ B u d a p e s t”  w as sim ilar to  th a t  of th e  s tra in  “ G ail” , 
iso la ted  in  B onn (G FR ). T he m ajo rity  of th e  m ice in fec ted  ora lly  w ith  oocysts d ischarged  by  
th e  c a t d ied  w ith in  5— 11 d a y s  and even doses as low  as 5 oocysts were suffic ien t for a  le th a l 
effect.

P o s tm o rtem  ex am in a tio n s  showed d is ten s io n  of, an d  accum ula tion  of flu id  in, th e  sm all 
in te s tin e , serous in filtra tio n  of the  in testin al w all, signs in d ica tiv e  of p e rip h era l c ircu la tio n  in ­
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su ffic iency , en la rg em en t o f in te s tin a l ly m p h a tic  follicles and  m esen teric  ly m p h  nodes and  
e x tre m e  m u ltip lica tio n  of E . coli in certa in  in te s tin a l segm ents. M icroscopic ex am in a tio n  re ­
vea led  th e  presence of d e v e lo p m en ta l stages of Toxoplasm a  in various organs (in testin a l m ucosa, 
in te s tin a l ly m p h a tic  follicles, m esenteric  ly m p h  nodes an d , occasionally , liver).

M ost gross and  m icroscopic  lesions s tro n g ly  suggested  th a t  th e  d e a th  of th e  m ice in ­
fec ted  w ith  Toxoplasm a  oocysts was caused by an  acu te  shock. B acterio logical e x am in a tio n s  
o f th e  in te s tin a l c o n te n ts  in d ica ted  th a t  an ex a lted  g ro w th  of E. coli b ac teria  an d  a co n seq u en t 
en te ro to x a e m ia  p lays an  im p o r ta n t role in  th e  d ev elo p m en t of le th a l shock in m ice orally  
in fec te d  w ith  Toxoplasm a  oocysts.

A cknow ledgem ents. T he a u th o rs  are in d eb te d  to  Miss K. P éter for excellen t tech n ica l 
assis tan ce  and  to  Miss V. E . N émeth for p rep arin g  th e  h isto logical sections.
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PNEUMOENTERITIS OF LAMBS CAUSED 
BY ADENOVIRUS
P R E L IM IN A R Y  R E P O R T  

B y

S. B é l á k  a n d  Y .  P á l f i

D e p a r tm e n t of E pizoo tio logy  (H ead: P rof. J .  Mészáros), U n iv e rsity  o f V e te rin a ry  Science 
and  th e  C en tra l V eterinary  I n s t i tu te  (H ead: A. Vá n y i ), B u d ap es t

(R eceived M ay 21, 1974)

Successful iso la tion  of aden o v iru ses  from  sheep was re p o rte d  on ly  b y  
M c F e r r a n  et al. (1969, 1971) so fa r. T h e  aetiological role of these  v iruses has 
n o t been  s tud ied  y e t. R ecently  we h a v e  also succeeded in  th e  iso la tion  of an  
a d en o v iru s  from  lam b s showing re s p ira to ry  sym ptom s. T he v iru s, d es ig n a ted  
H e t/3  proved  to  be closely re la ted  to  ty p e  2 of bovine adenov iruses a n d  w as 
found  to  be p a th o g en ic  for bo th  lam b s an d  calf. These find ings will be soon 
p u b lish ed  elsew here. H ow ever, m ore re c e n tly  we have iso la ted  fu r th e r  a d c ro -  
v iru se s  from  an ep idem ic en m asse am o n g  fa tte d  lam bs.

T he epidem ic occurred  in th e  en d  of Ja n u a ry  am ong fa tte d  lam bs o f a 
la rg e  fa rm . The cross-breed  lam bs, w eighing  12— 13 kgs, w ere tra n sp o r te d  
from  d ifferen t farm s and  collected in  f iv e  m odern  bu ild ings, 2000 an im als in 
each . T he lam bs w ere given the  sam e p rem ix ed  food a lread y  2— 3 weeks befo re  
tr a n s p o r ta tio n . Seven eight days a f te r  a rr iv a l the  onset of d ia rrh o ea , 2— 3 
day s la te r  sneezing, serous nasal d isch arg e  and  lac rim atio n  could be observed . 
S u d d en  dea th s  also occurred  (app rox . 10 per cen t of th e  to ta l  losses), in  th ese  
cases focal c a ta r rh a l pneum onia, c a ta r rh  of th e  u p p er re sp ira to ry  t r a c t ,  
e n te r itis , enlarged perib ronch ia l an d  in te s tin a l lym ph  nodes w ere found p a th o ­
log ically . H isto p a th o lo g ica l ex am in a tio n s  revealed  acu te  a lte ra tio n s  of in ­
f la m m a tio n  and  ly m p h o id  h y p erp lasia  in  th e  lungs and  in  th e  lym ph  nodes. 
T he d ia rrh o ea  ceased a fte r  approx , one w eek, b u t th e  acu te  re sp ira to ry  sy m p ­
to m s pers is ted  for a fu r th e r  week. T h e  ap p lica tio n  of an tib io tic s  did n o t re su lt 
su ffic ien tly . In  th e  m a jo rity  of th e  cases th e  re sp ira to ry  disease becam e c h ro n ­
ic. I t  w as m ost lik e ly  due to  th e  in su ffic ie n t v en tilla tio n , high am m onium  
c o n cen tra tio n  and  h u m id ity . Cough cou ld  be observed for a long tim e, ch ron ic  
b ro n c h itis , b ronch io litis  and  p e rib ro n ch ia l pneum onia w ere found . B o th  
acu te  an d  chronic re sp ira to ry  processes w ere often accom pan ied  by  secondary  
b a c te r ia l com plica tions. Severe re sp ira to ry  sym ptom s w ere seen in these  cases 
w ith  fre q u e n t d ea th s  (90 per cent of to ta l  losses). Pasteurella haemolytica  cou ld  
be c u ltiv a te d  from  th e  lungs of an im als d ied  in th is  period. F rom  th e  beg inn ing
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of th e  epidem ic 259 an im als  died an d  430 w ere em ergency  s laugh te red  w ith in  
tw o  m onths. I t  is w o r th  to  n o te  th a t  a lto g e th e r  378 lam b s died  and  1323 w ere 
em ergency  s la u g h te re d  du ring  a w hole y e a r  in  1973.

Viruses w ere iso la te d  in  em bryonic  sheep  k id n ey  cu ltu res  from  a h igh  
n u m b e r  of fresh ly  d iseased  lam bs. T he a g e n ts , iso la ted  from  th e  n asa l an d  
re c ta l  swabs, p ro v ed  to  belong to  th e  a d en o v iru s  group on th e  basis of th e ir  
physicochem ical a n d  biological p ro p ertie s . In  th e  conva lescen t sera 1 : 32—  
1 : 128 titre  n e u tra liz in g  an tibod ies w ere fo u n d  aga in st th e  iso la ted  ad enov irus. 
N o an tibodies w ere d e te c te d  in th e  sera  o f fresh ly  d iseased  lam bs. D eta iled  
h istopa th o lo g ica l a n d  viro logical s tu d ies  w ill be re p o rte d  elsew here.

S um m ary

An epidem ic en  m asse  am ong fa tted  lam b s is rep o rted . T he an im als show ed re sp ira to ry  
a n d  in te stin a l sy m p to m s, b y  necropsy c a ta rrh a l pn eu m o n ia , c a ta r rh  o f th e  up p er re sp ira to ry  
t r a c t  an d  enteritis w ere fo u n d . In  m ajo rity  o f th e  cases th e  re sp ira to ry  sym ptom s becam e 
ch ro n ic . B oth acute a n d  ch ro n ic  processes were follow ed by  b ac teria l com plications. F ro m  th e  
fre sh ly  diseased an im als  ad enov iruses were iso la ted , th e  iso lates p lay ed  an  aetiological ro le 
in  th e  disease.
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SOME GROWTH CHARACTERISTICS OF GOOSE 
PARVOVIRUS STRAIN “B”

By

J .  KlSARY

V e te rin a ry  M edical R esearch  In s t i tu te  (D irec to r: D. D e r z s y ) ,  
H u n g a rian  A cadem y of Sciences, B udapest

(R eceived Ju n e  5, 1974)

T he causal a g en t o f a  fa ta l disease o f goslings has been  recen tly  iden tified  as a p a rv o v iru s  
( S c h e t t l e r , 1973; D a n n a c h e r  e t ah , 1974; K i s a r y  a n d  D e r z s y ,  1974). A m id  c h a rac te riza tio n  
o f th e  “ B ”  v irus s tra in  m an y  difficulties were en co u n te re d  as fa r as th e  in  v itro  p ro p a g a tio n  
w as concerned . The “ B ” s tra in  could be a d a p te d  to  th e  cell cu ltu re  system  only w hen it was 
in o cu la ted  in to  th e  suspension  of cells to  be p la te d . C onsequently , th e  goose p a rv o v iru s s tra in  
“ B ”  needs rap id ly  d iv id ing  cells for rep lica tio n  as do o th e r  m em bers of th is  v irus group  ( B a c h - 
m a n n ,  1972; P a r k e r  e t ah , 1970; S i e g l  an d  G a u t s c h i , 1973).

T he purpose of th is  w ork w as to  s tu d y  th e  fac to rs in fluencing  th e  in 
v itro  rep lica tio n  of th e  goose p a rv o v iru s  s tra in  “ B ” in o rder to  define th e  o p ­
tim a l conditions fo r v iru s  iso lation  an d  fu r th e r  s tud ies o f th e  v irus.

M aterials an d  M ethods

Tissue culture and virus. Goose em bryo  f ib ro b la s t cu ltu res  were m ade as 
h as  been  earlier described  ( K is a r y  an d  D e r z s y , 1974).

Goose p a rv o v iru s  s tra in  “ B ” in  th e  31st tissu e -cu ltu re -passage  w as used.
One-step growth experim ent. 6 x  107 fresh ly  try p sin ized  cells w ere in fec ted  

w ith  2 X 10°TCID50 v iru s . A fter an adso rb in g  period  of 30 m in a t  37°C in a CO., 
in c u b a to r  th e  cells w ere cen trifuged  a t low  speed  and  w ashed  w ith  PB S  th re e  
tim es. A fte r th e  th ird  cen trifu g a tio n  th e  cells w ere resuspended  in  g row th  
m ed iu m  an d  seeded in to  20 p lastic  P e tr i d ishes (60 m m ). The cu ltu res  w ere 
in c u b a te d  in a CO , in c u b a to r for 120 h ours a n d  sam ples w ere ta k e n  in  every  
1 2 th  hou rs. The g ro w th  m edium  w as assay ed  for in fec tiv ity  of ex trace llu la r 
v iru s  an d  th e  th re e  tim es w ashed an d  fro zen -th aw ed  cells fo r cell-associated  
v iru s . T he sam ples w ere k ep t a t  — 20°C u n til  cen trifuged  before assayed .

Post-seeding susceptibility o f  cells to the virus infection. 6 x lO c fresh ly  
try p sin ized  cells w ere in fected  w ith  2 X Ю ОТСШ 50 v irus and  in c u b a te d  for 30 
m in a t  37°C. A fter th a t ,  th e  cells w ere w ashed  an d  cen trifuged  th ree  tim es w ith  
P B S , f in a lly  th e y  w ere resuspended  in 10 m l g row th  m edium  and  seeded in to  
2 p las tic  P e tr i d ishes. F u rth e rm o re , 2— 2 cu ltu re s  w ere in fec ted  w ith  Ю ОТСШ 50 
v iru s  a t  d ifferen t in te rv a ls  a fte r th e  seeding.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



330 KISARY

The cu ltu res  w ere in cu b a ted  for 5 d ay s, respective ly . Then th e y  w ere 
frozen  and th aw ed  th re e  tim es and cen trifu g ed . The su p e rn a ta n ts  w ere k e p t 
a t  — 20 °C u n til  a ssay ed  for in fec tiv ity .

The effect o f  cell concentration on the virus y ie ld . 5,5 X l0 7 cells w ere in ­
fec ted  w ith  10f>T C lD 5ü v irus. A fter th e  ad so rp tio n  period of 30 m in a t 37 °C th e  
cells were w ashed  a n d  cen trifuged  th re e  tim es a t  low  speed. F in a lly  th e  r e ­
suspended  cells w ere seeded  in to  10 p las tic  P e tr i  dishes (60 m m ) w ith  increasing  
n u m b e r rang ing  b e tw een  1— 1 0 x 1 0 °  cells/dishes. A fter an  in cu b a tio n  period  
of 5 days the  c u ltu re s  w ere assayed fo r in fec tiv ity .

R esu lts

One-step growth curve. The resu lts  o f th e  one-step  grow th  ex p erim en t are 
sum m arized  by  F ig . 1. Since the  goose p a rv o v iru s  s tra in  “ B ” is v e ry  s tab le , 
re s id u a l in fec tiv ity  cou ld  be de tec ted  a t  each  sam pling  tim e  before ap p ea ran ce  
of th e  progeny v iru s . I t  was d e tec ted  f irs t  in trace llu la rly  a t  th e  3 6 th  ho u r 
p .i. and a t th e  4 8 th  h o u r, ex trace llu larly . T he infec tive  t i t re  of th e  e x tra c e l­
lu la r  v irus exceeded  th a t  of the  in tra c e llu la r  one betw een  84— 96 hours p .i. 
A t th e  end of th e  g ro w th  cycle only  10%  of th e  progeny  v irus rem ained  
cell-associated .

Post-seeding susceptib ility  o f cells to the virus infection. The h ig h est in ­
fec tiv e  t itre  could be achieved w hen th e  v iru s  was in ocu la ted  in to  th e  suspen-

l o g „

- 6

5

■------■ EXTRACELLULAR VIRUS
о ------о INTRACELLULAR VIRUS

12 24 36  48  60  72 84  9 6  108 120

HOURS AFTER INFECTION

Fig. 1. O n e-step  grow th cycle o f th e  goose p a rv o v iru s s tra in  “ B ”
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TIME OF INFECTION AFTER SEEDING OF CELLS

Fig. 2. P ost-seed in g  su scep tib ility  o f cells to  th e  v irus infection

Fig. 3 . T h e  effect of the cell co n ce n tra tio n  on th e  v irus y ield
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sión o f cells to  be p la te d  o r a t  th e  4 th  h o u r a fte r th e  seeding. The y ield  of the  
v iru s  w as lower b y  1 log  w hen cu ltu re s  w ere in fec ted  betw een  4— 24 hours 
postseed in g . A s trik in g  decrease in  th e  in fe c tiv ity  was found  in  case o f cu ltu res 
in fe c te d  a t  48 th  ho u r a f te r  th e  seeding o f cells (Fig. 2).

The effect o f  the cell concentration on the virus y ie ld . As i t  is show n in 
F ig . 3 th e  higher th e  c o n cen tra tio n  of cells was th e  low er in fective t i t re  could 
be ob ta in ed .

D iscussion

E arlie r m any  a t te m p ts  were m ade w ith o u t success to  a d a p t th e  egg- 
p ro p a g a te d  goose p a rv o v iru s  s tra in  “ B ”  to  tissue cu ltu re  system . H ow ever, 
w hen  th e  virus was in o c u la te d  in to  th e  suspension of cells to  be p la ted  no 
fu r th e r  d ifficulties w ere encoun tered  w ith  its in v itro  rep lica tio n  ( K isary’ 
an d  D e r z sy , 1974).

In  order to  im p ro v e  th e  m ethods used in w ork w ith  th is  v iru s it  seem ed 
n ecessa ry  to  s tu d y  its  p ro d u c tio n  k in e tic s  and th e  fac to rs  in fluencing  th e  in 
v itro  rep lication .

T he in trace llu la r p ro g en y  v iru s could  be de tec ted  a fte r  an  eclipse period  
o f 36 hours, while th e  ex trace llu la r  one w as f irs t found  a fte r  48 hours p .i. 
U p to  th e  84th hour th e  in fec tive  t i t re  o f th e  in trace llu la r v iru s  was h igher th a n  
th a t  o f th e  ex trace llu la r one. A fter 96 h o u rs  p.i. onlv th e  10%  of p rogeny  viruses 
re m a in e d  cell-associated .

S iegl  and  Ga u t s c h i  (1973) s tu d ie d  th e  op tim al cond itions of p a rv o v iru s  
L u I I I  rep lica tion  in synch ro n ized  cell cu ltu res . T hey  h a d  com e to  th e  conclu ­
sion th a t  the  even ts o f th e  v ira l nucleic  acid syn thesis  w ere closely b o und  to  
th e  la te  S phase of cell cycle w hen th e  cells were in th e  s ta tu s  of “ physiologic 
co m p e ten ce” .

T he goose p a rv o v iru s  s tra in  “ B ”  also seem ed to  requ ire  grow ing cells 
fo r  th e  rep lica tion . T h is w as revealed  in  th e  sligh t —  if  an y  —  v irus rep lica ­
t io n  w hen a com plete ly  con fluen t m o n o lay er was in fec ted , w hereas, a re la tiv e  
h ig h  v iru s yield w as o b ta in e d  by  in o cu la tin g  the  v iru s in to  th e  suspension  of 
cells to  be p la ted . On th e  o ther h a n d , th e  high co n cen tra tio n  of cells to  be 
seeded  influenced u n fa v o u ra b ly  th e  cond itions of v iru s rep lica tio n  by  d ecreas­
ing  th e  num ber of th e  d iv id ing  cells.

On the  basis o f th e  resu lts  d iscussed  above th e  h ig h est y ield  of th e  goose 
p a rv o v iru s  can be e x p e c te d  in tissue  cu ltu re  system  if  th e  v iru s is in o cu la ted  
in to  th e  suspension o f fresh ly  try p sin ized  cells a d ju s ted  to  th e  p ro p er concen­
tra t io n .
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Sum m ary

A s tu d y  w as pe rfo rm ed  on the  rep lica tive  cycle o f goose p a rv o v iru s  s tra in  “ B ” and 
facto rs influencing th e  v iru s rep lica tion  in tissue c u ltu re  system . T he in trace llu la r p ro g en y  
v iru s was f irs t d e te c te d  a f te r  an  eclipse period  of 36 h o u rs  p .i. follow ed b y  th e  release o f th e  
ex trace llu la r p rogeny  v iru s  a t  th e  4 8 th  hour p .i. T he to ta l  cycle o f th e  in  v itro  rep lica tion  took  
ab o u t 96 hours w hen th e  10%  of th e  p rogeny  v iruses rem a in ed  cell-associated . The post-seed ing  
su scep tib ility  o f cells to  th e  v irus infection  was d e m o n s tra te d  g rad u ally  decreasing. The h igh  
co n cen tra tio n  of cells to  be p la ted  influenced u n fa v o u ra b ly  th e  v iru s yield.
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Soon a f te r  th e  p an d em ic  caused by  th e  H 2N 2 su b ty p e  of th e  h u m an  in ­
fluenza  A v iru s  in  1957, R om váry  e t a l., (1962) iso la ted , from  pigs k ep t in  a f a t ­
ten in g  p la n t in  H u n g a ry , a s tra in  sharing  th e  h u m an  H2 haem ag g lu tin in . T his 
w as th e  only  s tra in  w ith  h u m an  H2 h aem ag g lu tin in  iso la ted  from  pigs d u rin g  
th e  H2ÏN2 era  o f th e  h u m an  in fluenza . In  th e  sam e stock h aem ag g lu tin a tio n - 
in h ib itin g  (H I) an tib o d ies  to  th e  in fluenza  A /S ingapore/1/57 (H 2N 2) s tra in  
w ere d e m o n s tra te d  in  4 5 %  of th e  serum  sam ples te s ted .

E a rly  in 1969 d u rin g  th e  so-called H ong  K ong (H 3N 2) in fluenza  p a n ­
dem ic R o m v á r y  an d  Y izy  (1971) co llected  serum  sam ples from  pig stocks 
and  succeeded in  d e m o n s tra tin g  anti-113 an tib o d ie s  in 13 to  73%  of th e  sera . 
This w as th e  f i r s t  d e m o n s tra tio n  of H ong K o n g  in fluenza  v iru s  in fec tion  in  
pigs. P ro m p te d  b y  th is  fin d in g , th e  W orld  H e a lth  O rgan iza tion  (G eneva) 
o rganized  a co -o p era tiv e  s tu d y  on th is  su b je c t. I t  was show n th a t  in  y ea rs  
1970 an d  1971 th e  H ong  K ong v irus w as w id esp read  in  pigs, in  som e geo­
graph ica l a reas  even in h ig h er percen tage  th a n  found  by  us in  H u n g ary . L a te  
in  1971 R o m v á r y  iso la ted  in  In d ia  (S ta te  F a rm , H a rin g h a ta -K a ly a n i, W est 
Bengal) a h a e m a g g lu tin a tin g  v iru s  s tra in  from  tra c h e a l an d  b ron ch ia l m ucosa 
of an  em erg en cy -s lau g h te red  pig 70 kg in  b o d y  w eight. The pig show ed ele­
v a te d  te m p e ra tu re  (40.0—40.8°C), serous n a sa l d ischarge, lac rim a tio n , w e a ri­
ness an d  an o rex ia . E a rly  in  1972 serum  sam ples from  187 pigs, o f those  s lau g h ­
te red  in  th e  a b a t to ir  n e a re s t th e  above-nam ed  fa tte n in g  p la n t, w ere te s te d  for 
H I an tibod ies using  th e  iso la te  as an tig en ; 113 pigs (60% ) h ad  an tibod ies up  
to  a t i t re  of be tw een  1 : 16 and  1 : 512. N early  th e  sam e ti tre s  were o b ta in ed  
w ith  an an tig en  p rep a red  from  th e  in flu en za  А/H ong K ong/1/68 (H 3N 2) 
s tra in . (The s tra in  w as k in d ly  supplied  by  th e  W orld  In fluenza  C entre, L ondon.) 
W ith  th e  iso la te  gu inea  pigs w ere im m unized . T he resu ltin g  an tise ru m  in h ib ited  
th e  H ong K ong  v iru s  up  to  1 : 256, in d ica tin g  th a t  th e  iso la te  w as closely 
re la ted  to  th e  reference  s tra in .
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Results

E a rly  in  1973, b lood  sam ples w ere co llected  from  861 pigs, m ain ly  y o ung  
sows in  42 farm s s itu a te d  in 13 coun ties o f H u n g ary . In  id en tica l u n its  o f 13 
of th e  stocks, sam pling  w as rep ea ted  20, 45 a n d  58 days la te r. Of th e  sam ples 
471 (55% ) p roved  to  be positive  for H I  an tib o d ies  w hen te s te d  against a s tra in  
in flu en za  A /H ungary /1 /73  (H 3N 2) from  m an  in  th e  sam e epidem ic period  w hen 
th e  b lood  sam ples w ere collected b y  us.

In  each of th e  13 coun ties 33 to  73 %  of th e  te s te d  sera p roved  to  be 
p ositive  up  to  a d ilu tio n  of 1 : 16 to  1 : 128. In  som e of th e  stocks th e  f irs t  
screen ing  failed  to  rev ea l positive sera , w hereas 20, 45 an d  58 days la te r  a n t i ­
bodies could be d e m o n s tra te d  in  52, 67 a n d  92%  of th e  te s te d  anim als (T ab le  I).

In  fa rm  No. V I, on th e  o th e r h a n d , 7 8%  of th e  pigs w ere positive as early  
as on 20 J a n u a ry  an d  th is  p ercen tage  d id  n o t change d u ring  the  su b seq u en t 
4 5 -day  period.

In  fa rm  No. V II  sam ples w ere co llec ted  from  several u n its  over a n ea rly  
th re e -m o n th  period . T he se ro p o sitiv ity  ra te  show ed a w ell-defined rise.

Table I

Serial screenings in swine stocks for an ti-H ong  Kong H I antibodies

Farm  No. Dates of screenings
No. of blood 
samples tested

Of these positive

No. per cent

I 18/1/73 20 0 0

28/2/73 12 2 17

i l 12/12/72 17 0 0

8/2/73 12 11 91

i n 18/1/73 18 0 0

7/2/73 25 13 52

IV 4/1/73 15 0 0

10/3/73 18 12 67

V* 24/1/73 19 1 5

23/2/73 13 10 77

VI* 20/1/73 18 14 78

22/2/73 26 20 77

6/3/73 22 18 82

V II 13/12/72 15 5 33

7/2/73 20 9 45

15— 17/2/73 37 24 65

3/3/73 23 20 87

* =  F a rm  No. V is 25 km  aw ay from  fa rm  No. VI
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In  several s tocks w hich show ed  a p o s itiv ity  over 60%  in th e  f irs t  tw o 
m o n ths of 1973, th e  surv iv ing  sows an d  boars of a b o u t one y e a r of age had  
an tibod ies in  8 to  17% . A t th e  sam e tim e  th e  se ro p o sitiv ity  ra te  fo r th e  an im als 
aged several y ea rs  w as found  a t  2 8 % .

In  farm  H . c lin ical sy m p to m s an d  p o stm o rtem  fin d in g s p ro v ed  th e  p re ­
valence of enzoo tic  b ro n ch o p n eu m o n ia  fo r a long period  of tim e . P ig le ts  over 
one m on th  of age, w eanlings, an d  also p ig le ts  k e p t in  th e  fa tte n in g  p la n t, w ere 
affected . The re su ltin g  loss h ad  ap p ro ach ed  25%  by  th e  w ean ling  age. Some 
sows showed th e  m a s titis -m e tritis  synd rom e. In  some case M ycoplasm a hyo- 
pneum oniae  w as iso la ted  from  th e  lungs, w hereas in one o f th e se  th e  nasa l 
and  laryngeal m ucosa y ielded a h a e m a g g lu tin a tin g  v iru s s tra in  w hich  proved  
to  belong to  th e  H ong  K ong su b ty p e .

A ttem pts to infect p ig s  with Hong K ong  virus strains

M innesota a n d  conven tional p ig le ts  8 to  10 weeks of age w ere in o cu la ted  
in tra n a sa lly  w ith  th e  s tra in  IIu n g ary /1 /7 3  of h u m an  origin. T he m a jo rity  of th e  
in o cu la ted  p ig lets a n d  th e ir  l i t te r -m a te s  developed fever up  to  40 .3— 40.9°C 
3 to  5 days a fte r  inocu la tion . B lood  w as ta k e n  from  th e  in fec ted  p ig le ts  on 
th e  26 th  p o stin o cu la tio n  day an d  th e  sera  w ere te s ted  for H I  an tib o d ies , using  
pigeon e ry th ro cy tes  an d  an an tig en  p rep a red  from  th e  s tra in  1/73 b y  e th e r 
e x trac tio n . The a n tib o d y  titre s  of th e  in fec ted  m in ia tu re  p ig le ts  reach ed  1 : 64 
or 1 : 128, w hile th o se  of the  l i t te r -m a te  co n tro l sera d id  n o t exceed 1 : 16. 
T h e  v irus-in fected  conven tiona l p ig le ts  becam e acc id en ta lly  in fec ted  by  
Escherichia coli s tra in  of haem oly tic  a c tiv ity . The postin fec tio n  serum  titre s  
o f these  piglets d id  n o t exceed th e  I  : 16 level. T he v iru s could  be re-iso la ted  
fro m  th e  a rtific ia lly  in fec ted  an im als, even from  those in fec ted  by  th e  h aem o ­
ly tic  E . coli, and  also from  th e  c o n ta c t con tro ls , betw een  th e  2nd  an d  7 th  
p ostin fec tion  days.

W ith  the  2nd passage of ou r H o n g  K ong su b ty p e  s tra in  of p ig le t origin 
th re e  m in ia tu re  p ig le ts  were in o cu la ted . These and  all th e  th ree  c o n ta c t con­
tro ls  developed fev er. The virus cou ld  be re -iso la ted  from  in o cu la ted  p ig le ts  
from  th e  24th ho u r on th ro u g h  a w eek  an d  from  th e  con tro ls  be tw een  p o s t­
inocu la tion  days 2 an d  7. Three w eeks a fte r  inocu la tion  th e  H I  t i t r e  a tta in e d  
1 : 256— 1 : 512 in  th e  a rtific ia lly  in fe c te d  p ig lets and  1 : 32— 1 : 128 in  th e  
co n ta c ts . Seven days a fte r  a booster dose from  th e  sam e s tra in  th e  t i t r e s  w ere 
fo u n d  to  be h igher b y  tw o or th ree  lo g , u n its .

In  a fu rth e r  ex p erim en t one p ig le t of a th ree -m o n th -o ld  M inneso ta  l i t te r  
w as in fec ted  w ith  o u r H ong K ong su b ty p e  s tra in  of p ig let origin. T he li tte r-  
m a te s  were iso la ted  from  th e  in fec ted  l i t te r  for v a ry in g  n u m b e r of days, 
th e n  placed back. T he v iru s was reco v ered  from  those  p laced  b ack  4 or 9 days 
postin o cu la tio n  up to  th e  6 th  day of ex p o su re , b u t  could n o t be recovered  from
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th o se  placed hack  19 day s or m ore a fte r a r tif ic ia l inocu la tio n . On the  51st 
d a y , i.e. tw o weeks a fte r  th e  la s t (i.e., 6 th) l i t te r -m a te  h ad  been exposed , 
hom ologous an tibod ies w ere d em o n stra ted  up  to  1 : 16 or 1 : 32 even in  th e  
se ra  of those co n tac ts  w h ich  h ad  n o t y ielded v iru s . T his m eans th a t  th e  v iru s  
p e rs is ted  for a t  le a s t 37 d a y s  in  th e  litte r . B y th e  8 th  d ay  a fte r  a booster dose 
th e  t i tre s  had risen  b y  2 or 3 lo g 2 units.

Discussion

In  four coun ties, a ll of w hich w ere a lread y  a fflic ted  b y  th e  in fluenza  
o u tb re a k  as ea rly  as in  th e  second h a lf  o f D ecem ber, 1972, 60— 100%  of th e  
collected  serum  sam ples p ro v ed  to  be positive  fo r 111 an tib o d ies  w hen te s te d  
w 'ith th e  v irus s im id tan eo u sly  p rev a len t in  h u m an s. Som e re la tio n sh ip  betw een  
th e  tim e  of ap p earan ce  of th e  o u tb re a k  in  h u m a n s  an d  th e  a n tib o d y  response 
of pigs wras also observed . H ow ever, due to  th e  low  n u m b e r o f sam ples collected 
from  some coun ties, th e  geographical sp read in g  of th e  v iru s  in pig stocks 
c a n n o t be follow ed on th e  basis of th e  p re se n t s tu d ies . A nyhow , considering  
th e  rap id ly  rising  ra te  of se ro p o sitiv ity , it  seem s to  be like ly  th a t  th e  v iru s  
sp read  rap id ly  from  pig  to  p ig , show ing a h igh  co n tag io sity . The p rim ary  
source of in fection  m u s t h av e  been personnel of fa rm .

In  th e  second h a lf  of J a n u a ry , th e  se ro p o sitiv ity  ra te  was 5%  in farm  
N o. V as co n tra s te d  to  th e  78%  for farm  No. V I. In  th e  follow ing 30-day period  
th e  se ro p ositiv ity  fo r fa rm  No. Y reached  th e  la t te r  level. I t  should be n o ted  
th a t  th e  hum an  p o p u la tio n  of th e  village to  w hich fa rm  No. Y  belongs was 
reached  by th e  in te n s iv e  w ave of th e  ep idem ic som e th re e  weeks a fte r  th e  
f irs t  blood sam pling .

The a n ti-H o n g  K o n g  an tibodies h ad  d isap p eared  or fallen to  a r a th e r  
low  level b y  th e  6 th  to  10 th  postep idem ic m o n th . Som ew hat h igher t i tre s  
persisted  in th e  sera  of o lder sows and  hoars, supposed ly  because th e  an tigen ic  
stim ulus was a seco n d ary  one for some of these .

The v iru s s tra in  sh a rin g  th e  h u m an  H 3 h aem ag g lu tin in  was iso la ted  b y  
us from  a suck ling  p ig le t s im u ltaneously  in fec ted  b y  M .hyopneum oniae. The 
double infection  an d  th e  consequen t decrease in  m ilk  secre tion  m ust have  p lay ed  
a role in the  2 5%  loss o f suck ling  p ig lets. In th e  re sp ec t it seem s to  he of in te re s t 
th a t  the  pigs w hich w ere acc iden ta lly  in fec ted  b y  an  E . coli s tra in  of h aem o ly tic  
a c tiv ity  gave poor H I  a n tib o d y  response to  th e  in flu en za  v iru s infection .

The p ersistence  o f th e  H ong K ong v iru s  in  ou r ex p erim en t fo r a t  leas t 
37 days suggests t h a t  an  in fluenza  o u tb re a k  in  pigs m ay  la s t as long as th e re  
are non im m une an im als  in  th e  stock. E a rlie r, considering  th a t  th e  v iru s  u s u ­
ally  can n o t be re -iso la ted  a fte r the  f irs t w eek (Ta t e n o  e t ah , 1965; F ran cis  
and  Ma a s s a b , 1965; H o y l e , 1968), th e  v iru s  w as believed  to  d isap p ear v e ry
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soon . R ecently  W il k in so n  and  B o r l a n d  (1972) observed  m u ltip lica tio n  of 
th e  A /PRB/34/H O N 1 virus in h u m a n  em bryonic lung m o n o lay er cu ltu res as 
la te  as on the 52nd d ay  after in fec tio n , suggesting  th a t  v iru s-p ro d u c in g  cells 
m a y  long survive.

S um m ary

R apid  spread ing  o f influenza v iru s  in fec tio n  was observed in  sw ine stocks during  an 
in flu en za  o u tb reak  caused  by a de riv a tiv e  o f  th e  H ong K ong virus. A considerab le  p a r t  of th e  
te s te d  stocks becam e a ffec ted  w ith in  20 to  58 days. A t the  end of th is  p e rio d  52%  to 92%  of 
th e  an im als in the  d iffe ren t stocks had h a em ag g lu tin a tio n -in h ib itin g  a n tib o d ie s  to an in fluenza 
v iru s  s tra in  isolated from  th e  sim ultaneous o u tb re a k  from  m an. A n tib o d ie s  rem ained  dem on­
s tra b le  for 6 to 10 m o n th s . I t  was show n in  an  ex p erim en tal m odel t h a t  closed stocks m ay  
re m a in  infected for re la tiv e ly  long periods o f  tim e, actu a lly  37 days.

A virus s tra in  sh a rin g  th e  H3 h aem ag g lu tin in  of h um an  in flu en za  A v iru s was iso lated  
fro m  th e  naso tracheal m ucosa of a d iseased  one-m on th -o ld  piglet. In  th e  sam e affected stock, 
w here  loss of suckling p ig le ts had  reached  2 5 % , M ycoplasm a hyopneum oniae  w as iso lated  from  
th e  lungs of piglets. T he double in fec tion  asso c ia ted  w ith  a reduced  m ilk  secretion  m ay  be 
resp o n sib le  for such losses.

In  piglets th e  sim u ltan eo u s presence of h aem oly tic  E. coli an d  H o n g  K ong influenza 
in fec tio n  prevents th e  p rod u c in g  of specific H I-a n tib o d ie s  to  the  la t te r  c au sa tiv e  agent.
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a n d  V e terin ary  I n s t i tu te  (D irec to r: P . Á l d á s y ) ,  M iskolc

(R ece iv ed  Ju n e  21, 1974)

The occurrence of influenza v iru ses  in  an im als is in th e  focus of in te re s t 
all over the  w orld . In v estig a tio n s in  th is  fie ld  are  aim ed a t revealing  (i) th e  
ae tio log ical role o f these  viruses in  an im al diseases, (ii) th e  su scep tib ility  of 
an im als  to  h u m an  influenza  v iru se s , (iii) th e  changes in  th e  an tig en s o f th e  
in flu en za  virus envelope  and (iv) th e  m echan ism  of th e  p ersistence  of in flu en za  
v iru ses  during in te rep id em ic  periods. In flu en za  A v iruses h av e  been iso la ted  
from  ou tb reaks a ffec tin g  horses, p igs and  b irds.

In  H ungary , in flu en za  A virus s t r a in s  bearin g  th e  h u m an  H2 h a em ag g lu tin in  w ere 
iso la te d  in  1959— 1960 fro m  pig and sheep  as rep o rted  b y  R o m v á r y  e t al. A fte rw ard s v iru s 
s tra in s  sharing  the  H 3 h aem ag g lu tin in  o f h u m a n  in flu en za  A v irus were iso la ted  b y  R o m v á r y  
fro m  one-m onth-o ld  p ig le t, tu rtle  dove a n d  dogs, resp ec tiv e ly . In  1970— 1971 Sov ie t a u th o rs  
( I z m a i l o v  e t al., 1973; F a t k h u d d i n o v a  e t  a l. ,  1973; W H O  N ew sle tte r, 1973) iso la ted  in flu en za  
v iru s  s tra in s  from  sp o rad ic  cases, and  d u rin g  an  o u tb re a k , o f re sp ira to ry  disease in  c a tt le . 
T hese  s tra in s  appeared  to  be closely re la te d  to  th e  p ro to ty p e  s tra in  o f th e  H 3N 2 su b ty p e  o f 
in flu en za  A virus (s tra in  А/H ong K ong/1/68) as confirm ed  b y  G. C. S c h l i d  (W orld  In flu en za  
C en tre , London). All th ese  isolations to o k  p lace  in a period  w hen th e  h u m an  p o p u la tio n  w as 
afflic ted  by  an o u tb rea k  caused by a closely re la te d  v irus.

T he p resen t p a p e r  is a p re lim in a ry  re p o r t  on our recen t in v es tig a tio n s  
w h ich  have been re su lte d  in iso la tin g  th ree  s tra in s  of in fuenza  A v iru s  fro m  
d iseased  cattle .

Materials and Methods

N asal swabs o f acu te ly  ill an im als  an d  sam ples from  th e  bo rd ers  of in ta c t  
an d  acu te  c a ta rrh a l p u lm o n ary  a re a s  o f em ergency -slaugh tered  an im als w ere 
ex am ined . The sam ples were hom ogenized , a n d  an tib io tics  w ere ad d ed . E a c h  
sam ple  was in o cu la ted  in to  the  am n io a llan to ic  c a v ity  of 5 e m b ry o n a te d  h e n ’s 
eggs a n d  5 em b ry o n a ted  duck eggs p re in c u b a te d  fo r 9 to  12 an d  10 to  15 d ay s,
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re spec tive ly . The eggs w ere opened a fte r  3 to  7 days re in cu b a tio n  or as th e  
em bryo  has died. In  sev e ra l cases four b lin d  passages w ere perform ed.

In  th e  h a e m a g g lu tin a tio n  and  h aem ag g lu tin a tio n  in h ib ition  (III)  te s ts  
chicken an d  guinea p ig  e ry th ro cy te s  w ere app lied . T he serum  sam ples were 
p re tre a te d  w ith  h e a t, t ry p s in  and  p o tassiu m  p e rio d a te  as d irec ted  b y  W H O  
c ircu lar in  1967. Im m u n o d iffu sio n  te s t  w as perfo rm ed  as described  by 
B e a r d  (1970).

Results

Cases. V irus w as iso la ted  from  th ree  stocks each consisting  of 50 to  200 
c a tt le  includ ing  calves 4 to  6 m onths of age, y oung  c a tt le  and  beef c a ttle . The 
an im als w ere su ffering  from  the  so-called “ epizootic cough” associated  w ith  
general (anorex ia , la ss itu d e , etc.) and  re sp ira to ry  sy m ptom s (nasal d ischarge 
an d  lac rim a tio n ; deep , in itia lly  dry , th e n  w e t, s tro n g  coughing). The o u tb reak  
ceased in  a stock , d ep en d in g  on th e  size o f th e  stock , in  1 to  3 w eeks. Several 
an im als w ere lo st. P o s tm o rte m  ex am in a tio n  show ed sm all areas w ith  acu te  
c a ta rrh a l pn eu m o n ia  as well as a lv eo la r an d  in te rs ti t ia l  em physem a and  
b ro n ch itis , occasionally  w ith  asphyx ia i h aem o rrh ag es . No gross changes were 
seen in o th e r o rgans. B ac te ria  could n o t be iso lated .

Virological investigations. V irus w as iso la ted  in  one case w ith o u t b lind  
passage  an d  in  tw o  cases in  th e  second or th ird  passage  in  em b ry o n a ted  h en ’s 
eggs. Several em bryos d ied  on the  4 th  d ay , th e  rem ain in g  eggs were opened  3 to  
7 days a fte r in o cu la tio n . The p re tre a ted  p o sitive  am nioallan to ic  flu ids form ed 
a p rec ip ita tio n  b en d  w ith  an ti-in fluenza  h u m an  and  b ird  sera.

In  th e  H I  te s t  no in h ib ition  w as o b ta in e d  w ith  an tise ra  to  th e  reference 
s tra in s  of h u m an , eq u in e , swine and  a v ian  in flu en za  A viruses. T he set of 
av ian  influenza  v iru ses  was k indly  supp lied  b y  th e  W orld  In fluenza  C entre, 
L ondon. One of th e  s tra in s  was su b m itte d  to  th e  W orld  In flu en za  C entre, 
L ondon, for id e n tif ic a tio n . I t  was found  b y  G. C. S child  th a t  its  n eu ram in i­
dase an tigen  is id e n tic a l w ith  the N2 an tig en  of h u m an  influenza A v iru s  and  
its  haem ag g lu tin in  is u n re la ted  to  th e  in flu en za  A v iru s s tra in s  H ong K ong/1/68, 
S ingapore/1 /57, F M I/47 , PR 8/34 and  th e  fowl p lague v iru s. P ostep idem ic  sera 
w ere o b ta in ed  from  tw o  of th e  th ree  stocks y ie ld ing  v iru s, 3 to  5 w eeks a fte r  
th e  o u tb reak , 10 fro m  one stock and  20 from  th e  o ther. All th e  H I titre s  to  th e  
hom ologous v iru s  ra n g e d  betw een 1 : 10 and  1 : 80. In  th e  su rround ings of th e  
farm s y ield ing  v iru s  no hum an  in fluenza  o u tb re a k  w as noticed in  th e  m o n th s 
p receding  th e  o u tb re a k s  in  anim als.
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Conclusions

T he resu lts  p resen ted  here  suggest th a t ,  besides p a ra in flu en za -3  v irus 
( R e i s i n g e r  et. ah , 1959), adenov iruses ( K l e in  et ah, 1959, an d  o thers), 
rh in o v iru s  (BÖGEL an d  B öhm , 1962) an d  o ther v iruses, in flu e n z a  A v iru s 
s tra in s  m ay p lay  an aetio logical ro le in “ epizootic cough”  of c a tt le . A lthough  
th e  o u tb re a k  sp read  rap id ly , th e  course of th e  cases y ie ld in g  v iru s  was 
re la tiv e ly  slow.

F u r th e r  investig a tio n s are n eeded  to  clarify  the  aetio log ical role of the  
in flu en za  A v iru s in “ epizootic cough” . F rom  the  aspect of p u b lic  h ea lth  it 
is o f in te re s t th a t  one of th e  v iru s s tra in s  shares th e  N2 n eu ram in id ase  w ith  
th e  in flu en za  A v iru s  s tra in s  h av in g  been p rev a len t in  h u m an s since 1957. 
I t  sh o u ld  be n o ted  th a t  our iso late  is d iffe ren t from  th e  s tra in s  iso la ted  from  
c a tt le  in th e  Soviet Union.

Summary

T hree  influenza A v irus stra in s  were iso lated  from  ca ttle  stocks consisting  of calves, 
y o u n g  c a tt le  and b eef ca ttle  suffering from  a  disease diagnosed as “ ep izootic  cough” . One of 
th e  iso la tes  has been p ro v ed  d ifferen t from  all th e  s tra in s  iso lated  from  m an , horses, swine and 
b ird s so fa r, in b earin g  a h u m an  in fluenza  n eu ram in idase  an tigen  (N 2) an d  an  unknow n 
h aem ag g lu tin in .
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VARIA.

The in te rn a tio n a l C om m ittee  on L ab o ra to ry  A nim als (ICLA ) w ill hold its 6 th  S ym posium  in 
T hessalonik i, G reece, on 8 — 12 J u ly  1975 on  th e  them es:

1. L ab o ra to ry  A nim als in th e  s tu d y  o f rep roduction .
2 . T rain ing  in la b o ra to ry  an im al science.

In te re s ted  sc ien tists  are in v ite d  to su b m it p ap ers  re la ted  to  these  m ain  topics. Two h u n d re d  
words a b s tra c ts  should  be m ailed  before F e b ru a ry  1st, 1975 to  th e  C hairm an  of th e  P rogram m e 
C om m ittee:

D r. N icolae Sim ionescu
Y ale U n iv ersity  School o f Medicine
Cell Biology D e p a rtm e n t
333, C edar S tree t
N ew  H av en , Conn. 06510
U.S.A .

Proceedings o f th e  Sym posium  will be published .
F u ith e r  de ta ils  are av a ilab le  fro m  th e  C h a irm an  of th e  P ro g ram m e C om m ittee .
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ТОМ. 24-ВЫ П. 3

РЕЗЮ МЕ

М ИГРИРУЮ Щ АЯ Л И Ч И Н К А  
N EO ASC AR IS VITULORUM  

В Л А Б О РА Т О РН Ы Х  Ж И ВО ТН Ы Х

O. A. AT АЛЛАХ, И. МОССАЛАМ и М. С. АБДЕЛ-РАХМАН

Лабораторные животные и цыплята зараж ались яйцами Neoascaris vitulorum , 
содержащ ими инвазионные личинки.

Личинки обнаруживались в печени, легких, сердце, почках и лимфоузлах инва- 
зированны х животных. Изменения появлялись, как правило, в виде гранулем и наиболее 
тяжелы ми были в морской свинке. Авторы считают, что личинки Neoascaris vitulorum  
могут инвазировать и человека.

НАУЧ Н О -И ССЛЕДО ВАТЕЛЬСКАЯ РАБОТА ПО К О КЦ И ДИ ЯМ  И 
АПИКОМ ПЛЕКСАМ

Б. МЮЛЕР и Э. ШОЛТИСЕК

Ультраструктура отдельных представителей подтипа A picom plexa (G regarin ida  
C occid ia, H aem osporid ia, P iro p lasm id a) группой специалистов в Бонне при сотрудничестве 
американских, французских, австрийских и венгерских специалистов изучается дольше 
15 лет. Благодаря этой работе обнаруж ено, что внутриклеточные формы токсоплазм и 
мерозоиты некоторых аймерий по своей структуре очень сходны и выявлены детали 
тонкого строения других паразитических групп. При помощи электронной микроскопии 
прослеж ены  сексуальное и асексуальное развитие и в этом отношении м еж ду разными груп­
пами обнаруж ено или сходство, или отличие. Их исследования по взаимоотношению хозяин- 
паразит раскрыли тож е немало нового и дополнили данные цитохимических исследо­
ваний проводившихся на других местах.

Задачей дальнейш их электронно-микроскопических исследований является, м еж ду  
прочим, лучшее изучение ультраструктуры гамонтов, раскрытие образования флагелярного  
комплекса и базальных телец; кроме этого существенным является расшифровка внутри­
клеточного метаболического и энзимного механизмов, то есть изучение вредного действия 
паразитизма на организм хозяина.

ЗА Р А ЗН Ы Й  (ВИРУ СН Ы Й) Э Н Т ЕРИ Т, НОВОЕ ЗА Б О Л Е В А Н И Е  ГУСЯТ В СССР

Л. М. КОНТРИМАВИЧУС

Докладывается о результатах начавшихся в 1963 году исследований по заразному  
(вирусном у) энтериту гусят, раньше неизвестному заболеванию в СССР. Заразным началом  
является вирус, ресистентный к хлороформу и температуре, который размножается в 
гусином  зародыше; после нескольких пассаж ей он убивает зародыш и показатель LDS(I до­
ходит до IO-4— ICH6. В ирус неидентичен с вирусом чумы птиц и вирусами утиного гепатита, 
хотя последние патогенны для гусят. Данный вирус распространяется при посредстве яиц  
и в некоторых случаях может быть причиной гибели 8 0 — 100% животных. Эпизоотология, 
клиника, вызываемые вирусом патологоанатомические изменения не отличаются от из­
менений, описанных в разных странах при разном наименовании того ж е  этиологического 
фактора.



ЭКСП ЕРИ М ЕН ТА Л ЬН О Е ЗА Р А Ж Е Н И Е  Я ГН ЯТ РЕОВИРУСОМ  ТИПА I, 
И ЗО Л И РО ВАН Н Ы М  И З В ЗРО С Л Ы Х  ОВЕЦ

Ш. БЕЛАК и В. ПАЛФИ

Ягнята экспериментально зараж ались реовирусом типа 1 (Н /П ), изолированным из 
взрослы х овец при естественной вспышке заразы. У  2 -  4-недельных зараженны х в носовую  
полость и трахею ягнят после 4  —6-дневной инкубации температура повысилась на 0 ,6 — 
0,0 С, наступило слезотечение, истечение слизи из носа, чихание, одышка и понос. У ягнят, 
убитых к 8-у дню после зараж ен ия, наблюдались энтерит, катар верхних дыхательных пу­
тей, диффузная интерстициальная пнеймония. У  одного ягненка со слабой ресистентностыо 
эти признаки обострились и он к П -у дню после зараж ения погиб. При вскрытии обнару­
жены энтерит, катар верхних дыхательных путей и множественная очаговая катаральная 
пнеймония. Клинические признаки болезни у выживших ягнят к концу 3-й недели ути­
хомирились и в конвалесцентных сыворотках обнаруживались специфические нейтра- 
лизирую щ ие антитела против штамма Н/П в титре 1 : 6 4 — 1 : 128. Вирус удалось реизоли- 
ровать из тампонатов носовой полости и прямой кишки к 4. — 9. дням после зараж ения. На 
основании экспериментальных данных и наблюдений в практике авторы приходят к за­
ключению, согласно которому рсовирусы могут играть роль в этиологии респираторных 
и кишечных заболеваний молодых ягнят.

Х А Р А К Т Е Р И ЗА Ц И Я  О ДНОГО ВИРУСА Х Е РП Е С , И ЗО Л И РО ВАН Н О ГО  ИЗ 
СПОНТАННО Д Е Г Е Н Е Р И РО В А В Ш Е Й  Б Ы Ч ЬЕЙ  ПО ЧЕЧН ОЙ КЛЕТОЧНОЙ

К УЛ ЬТУ РЫ

Ш. БЕЛАК и В. ПАЛФИ

Докладывается об изолировании одного вируса из спонтанно дегенерировавшей 
бычьей почечной культуры. Изолят на основании физико-химических, морфологических и 
биологических свойств представляет собой один вирус группы херпес. Серологически он 
близок бычьему херпесному вирусному штамму Móvár 33/65. В экспериментах искус­
ственного заражения вирусный штамм оказался непатогенным. Факт изоляции является 
новой информацией того, что здоровые телята могут быть носителями вирусов группы 
херпес.

ЭЛЕКТРО Н Н С-М И КРО СКО П И ЧЕСКО Е И ЗУ Ч Е Н И Е  Р А Н Н И Х  И ЗМ ЕН ЕН И Й  ПРИ
Б О Л Е ЗН И  М АРЕКА

I. ЦИТОМ ОРФОЛОГИЯ И ЗМ Е Н Е Н И Й

X. Н. ТАКУР

При помощи электронного микроскопа изучены опухоли и изменения в цыплятах 
после искусственного зараж ен ия вирусом, изолированным при острой форме болезни  
Марека (M D/7/1970). Описывается цитоморфология опухолевой клетки лимфоидного ха­
рактера. Опухолевые клетки нуж дались в цитоплазматических клеточных органеллах и 
их ядра часто показывали характерные выпячивания и впячивания. Они обладали мор­
фологией, характерной для опухолевы х клеток.



ЭЛЕКТРОН НО -М ИК РО СКО ПИ ЧЕСКО Е И ЗУ Ч Е Н И Е  Р А Н Н И Х  И ЗМ ЕН ЕН И Й  ПРИ
Б О Л Е ЗН И  М АРЕК А

II. ГИСТОГЕН ЕЗ И ЗМ Е Н Е Н И Й

X. Н. ТАКУР

Данные изучения гистогенеза ранних изменений при болезни Марека подтвердили 
правильность наших наблюдений, полученных при помощи нормального микроскопа. 
Пролиферации были периваскулярного характера и исходили из стенок малых кровеносных 
сосудов, сначала в виде пролиферации мультипотентных — адвентициальных — клеток. 
Инфильтрация и пролиферация плеоморфных лимфоидных клеток ябляется характерным  
явлением образования опухолей при болезни Марека. Пролиферации в висцеральных орга­
нах и в периферических нервах не отличались друг от друга.

Х А Р А К Т Е Р И ЗА Ц И Я  ОДНОГО О ВЕЧ ЬЕГО  ШТАММА ВИРУСА  
П АРАИ Н Ф ЛЮ ЭН Ц Ы -3, И ЗО Л И РО ВАН Н О ГО  И З ОВЦЫ  С СИМПТОМАМИ 

ЗА Б О Л Е В А Н И Я  Д Ы Х А Т Е Л Ь Н Ы Х  П У ТЕЙ

Ш. БЕЛАК и В. ПАЛФИ

Вирусный штамм изолирован из тампонатов носовой полости 4-месячных мериносо­
вых овец, показывающих слабые признаки заболеваемости дыхательных путей. Изолят, 
обозначенный Н О В /П , характеризовался физико-химическими и серологическими про­
бами. Данные характеризации показали, что вирус принадлеж ит к группе вирусов пара­
инфлюэнца-3. Согласно серологическим исследованиям изолят м ож но считать одним среди 
этиологических факторов респираторной болезни овец. Согласно авторам не исключена 
возможность передачи вирусов параинфлюэнца-3 овцами крупному рогатому скоту.

ВИРУСНО Е ЗА Б О Л Е В А Н И Е  ГУСЯТ. IV. Х А Р А К Т Е Р И ЗА Ц И Я  ПАТОГЕННОГО  
Н АЧ АЛ А В Т К А Н Е В Ы Х  К У Л Ь Т У РА Х

Я. КИШАРИ и Д. ДЕРЖИ

Вирусный штамм «В», изолированный из туш ек погибш их гусят, адаптировали к 
тканевой культуре фибробластов гусиного зародыша. В ирус вызывал образование эозино­
фильных включений в ядрах пораженных клеток. В физико-химических пробах вирус 
оказался устойчивым к хлороформу и температуре при pH 3. П робой торможения 5-йодо- 
2-деоксиуридином обнаруж ено, что ядерная кислота является типа дезоксирибонуклеи­
новой кислоты. Отрицательно окрашенные вирионы при изучении электронным мик­
роскопом были диаметра 2 0 —22 миллимикронов. Н а основании этих свойств авторы 
приходят к убеж дению , что вирусный штамм «В» нуж но включить в группу парвови- 
русов птичьего происхож дения.

ИСТОЧНИК И Н В А ЗИ И  П РИ  ТОКСОПЛАЗМ АТОЗЕ К Е Н Г У Р У  ЗО ОП АРКО В

М. ДОБОШ-КОВАЧ, Я. МЕСАРОШ, Л. ПЕЛЛЕРДИ и А. БАЛШАИ

Авторами диагносцирован генерализированный токсоплазматоз у трех совместно 
содержавш ихся кенгуру (T hylogale eugenii) будапеш тского зоопарка. Д иагноз и н ­
вазии поставлен на основании патогистологической картины и путем искусственного за ­
раж ения. Экспериментальным животным использована изолированно содержавш аяся  
молодая кошка, кормившаяся органами погибших кенгуру. П осле инвазирования кошка 
начала выделять ооцисты Т. gondii, которыми впоследствии удалось после их споруля- 
ции инвазировать мышей.



Согласно данным наблюдений кенгуру инвазировались кормом, загрязенным ис­
праж нениями кошки. В кошачьих испраж нениях, в корме и свеж и х испраж нениях  
кошки, посещавшей помещение с кормом для кенгуру, обнаружены  ооцисты токсоп- 
лазм, которыми тож е удалось инвазировать лабораторных мышей. Указывается на роль 
гигиены и значение кошки в распространении токсоплазматоза.

М У К О И Д Н Ы Й  ЭН ТЕРИ Т У  К РО Л И К А , СВЯ ЗА Н Н Ы Й  С В Ы ЗВ А Н Н Ы М И  Е. сой 
И ЗМ ЕН ЕН И ЯМ И  У ГЛ Е В О ДН О ГО  ОБМ ЕНА

Ф. ВЕТЕШИ и Ф. КУТАШ

Биохимическими, гистохимическими и электронно-микроскопическими методами 
изучалось действие естественного мукоидного энтерита на углеводный обмен у кролика. 
Изучены не только больные, но и здоровые кролики того ж е поголовья.

Углеводный обмен кроликов, страдающих мукоидным энтеритом, характерен сле­
дующими признаками: усиление гликогенолиза в печени и сердечной мышце, высокая ак­
тивность печеночной и почечной глюкоза-6-фосфатаз, агликозурическая гипергликемия, 
накопление гликогена в проксимальных канальцах почек.

Авторы считают, что тяжелы е перебои углеводного обмена — в первую очень изну­
рение клеточного гликогенного депо — являются причиной летального исхода болезни.

И ЗУ Ч Е Н И Е  ПАТОГЕННОСТИ ТОКСОПЛАЗМ Д Л Я  МЫШ ЕЙ

Л. ПЕЛЛЕРДИ и М. ДОБОШ-КОВАЧ

Токсоплазматозный штамм «Будапешт» изолирован из неизвестного происхож дения  
кошки таким образом, что выделяющимися ооцистами после их споруляции через рот ин­
вазировались мыши. Штамм содерж ался путем пероральной реинвазии с промежутками  
времени в 15— 187 дней цистами, содержащ имися в мышином мозге. Патогенность штамма 
для мышей сравнивалась с таковой штамма «Гаил» из Бонна (Ф РГ). М еж ду упомянутыми 
штаммами в этом отношении разницы не обнаруж ено. После инвазии ооцистами из кошки 
больш инство мышей к 5— 1 l -у  дню погибло даж е в том случае, если одна мышь получила 
только 5 ооцист.

При вскрытии павших мышей наблюдалось расширение просвета тонкого отдела 
кишечника, накопление в нем ж идкости, эдематозное набухание стенки кишечника, 
перебои периферического кровеобращения, увеличение лимфатических пляшек кишок и 
бры жеечны х лимфоузлов, размножение колибациллов в кишке. В разных органах (слизис­
тая киш ечника, лимфатические пляшки, брыжеечные лимфоузлы, редко печень) гистоло­
гически обнаружены  стадии развития токсоплазм.

Паталогоанатомические и патогистологические изменения указывают на то, что 
мыши погибли из-за острого шока. На основании результата бактериологического изуче­
ния киш ечного содержимого мож но заключить, что в гибели мышей, инвазированных 
ооцистами токсоплазм, важную  роль играет консеквентное размножение колибациллов, 
то есть ш ок от колибациллезной энтеротоксемии.

П Н Е Й М О ЭН ТЕРИ Т СРЕДИ  Я ГН Я Т , В Ы ЗВ А Н Н Ы Й  А ДЕН О ВИ РУ СО М .
П Р Е Д В А Р11Т Е Л Б Н О Е  СООБЩЕН 11Е

Ш. БЕЛАК и В. ПАЛФИ

Докладывается о массовой эпизоотии среди откормочных ягнят. Животные показы­
вали респираторные и кишечные симптомы. При вскрытии обнаруж ены  катаральная  
пнеймония, катар верхних дыхательных путей и энтерит. В большинстве случаев респира­
торные признаки были хроническими. Как острую, так и хроническую форму болезни  
сопровож дали бактериологические компликации. Из свежих тушек павших животных  
изолированы аденовирусы. Изоляты играли роль этиологического фактора в наступлении  
болезни.



Н ЕК О ТО РЫ Е Х А Р А К Т Е Р Н Ы Е  ЧЕРТЫ  РОСТА ШТАММА «В» ГУСИНОГО
ПАРВО ВИРУСА

Я. КИШАРИ

Изучалась кривая одноступенчатого развития и факторы, действующие на репли­
кацию в тканевой культуре штамма «В» гусиного парвовируса. Внутриклеточные и вне­
клеточные наследственные вибрионы обнаруживались 24 — 36 и 36—48 часов после за ­
ражения соответственно. Полный цикл репликации in v itro  равнялся примерно 96 часам, 
к концу этого срока 10% заново образовавшихся вибрионов осталось связано с клетками. 
Чувствительность клеток к вирусу после высева постепенно понижалась. Высокая кон­
центрация клеток при высеве отрицательно действует на количество получаемого вируса.

ВОСПРИИМЧИВОСТЬ СВИНЬИ К ПО ДТИП У ГО Н Г-К О Н Г ВИРУСА Ч Е Л О В Е Ч Ь Е Й
ИНФЛЮ ЭНЦЫ  А

Й. РОМВАРИ, Л. ШТИПКОВИЧ, М. ШТИРЛИНГ-МОЧИ и Э. ФАРКАШ

Во время эпидемии инфлюэнцы, вызванной производным вируса гонг-конг, наблю ­
далось быстрое распространение инфекции вирусом инфлюэнцы среди свиней. Значитель­
ная часть изученных поголовьев заразилась в течение 2 0 — 58 дней. К концу указанного  
срока времени 52— 92%  животных разных поголовьев обладало гемаглютинацию тор­
мозящими антителами против одного вирусного штамма инфлюэнцы, изолированного при 
симультанных вспышках заразы среди людей. Антитела были выявимы в течение 6 — 10 
месяцев. На экспериментальной модели показано, что замкнутые поголовья оставались 
зараженными относительно продолжительное время, фактически 37 дней.

Из слизистой носовой полости и трахеи одномесячного больного поросенка изолиро­
ван вирусный штамм, содержащ ий гемагглютинин «НЗ» человечьего вируса инфлюэнцы А. 
В другом неблагополучном поголовье, где гибель среди поросят достигла 25% , из легких  
одного поросенка изолирована M ycoplasm a h y o p n eu m o n iae . Причиной этой высокой 
смертности среди поросят явилась эта двойная инфекция и связанное с ней понижение 
продукции молока у  свиноматок.

Симультанное наличие в поросятах гемолитических колибациллов и инфлюэнцы 
гонг-конг тормозило продукцию специфических гемагглютинацию тормозящих антител 
против последнего этиологического фактора.

ИЗОЛЯЦ ИЯ В И РУ С Н Ы Х  ШТАММОВ ИНФЛЮ ЭНЦЫ  А ИЗ КРУПНОГО РОГАТОГО
СКОТА

Я. ТАНИ, Й. РОМВАРИ, П. АЛДАШИ и Ж. МАТЭ

Три вирусных штамма инфлюэнцы А изолированы в поголовьях крупного рогатого  
скота, состоящих из телят, молодняка и взрослых ж ивотны х. Животные страдали т. наз. 
«заразным кашлем». Один среди изолятов отличался от всех штаммов, изолированных 
по настоящее время из людей, лошадей, свиней и птиц, наличием антигена (N 2) человечьей 
инфлюэнцы и одного неизвестного гемагглютинина.
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AN INFECTIOUS INFLAMMATORY DISEASE 
OF CLOACA AND PENIS IN GEESE 

(GOOSE GONORRHOEA)

I. E PIZ O O T O L O G IC A L , C LIN IC A L, PA T H O L O G IC A L  O B SER V A T IO N S
AND C O N TR O L

B y

I .  S z é p , M ária P a t a k y  an d  G y. N a g y

D e p a rtm e n t o f Physio logy an d  A n im al H e a lth  (H ead : I. Sz é p ),
U n iv e rs ity  of A g ricu ltu ra l Sciences, Gödöllő

(R eceived J u ly  10, 1972)

L arge-scale goose keeping invo lves m an y  v e te r in a ry  and  p ro d u c tio n  
problem s. A m a jo r d raw b ack  of econom ic p ro d u c tio n  is egg in fe rtility , w hich 
causes g rea t losses in  m an y  goose farm s, b u t  l i t t le  is still know n  ab o u t its  causes. 
D uring  th e  la s t tw o  y ears , increasing inc idence  of a p rev iously  unknow n re p ro ­
d u c tive  organ disease was observed in goose flocks in  H u n g a ry .

The tra u m a tic  pro lapse of th e  penis o f  m ale ducks an d  geese has long 
been  know n b y  th e  v e te rin a rian s . T h is cond itio n  u su a lly  arises from  th e  
secondary  b ac te ria l in fec tion  of a m echan ical in ju ry  in flic ted  du ring  copu la tion , 
b u t  i t  never sp read s from  b ird  to  b ird . As a ru le  no t m ore th a n  0.5 to  1%  of 
th e  drakes and  gan d ers  becom e affected  d u rin g  th e  rep ro d u c tiv e  period. In  
c o n tra s t to  th is  th e  new  venereal disease invo lves 70 to  80%  of th e  m ale  
geese in  th e  a ffec ted  farm s.

T he scan ty  l ite ra ry  d a ta  availab le  on v en erea l diseases of p o u ltry  were of little  aid  
in  iden tify ing  th e  new  g an d er disease, because a m ass incidence of c loacal in flam m ation  was 
h ith e r to  only rep o rted  am ong hens and fem ale ducks.

L ü h r s  (1955) described  th e  sym ptom s of th e  chicken disease as loss of cond ition , 
red d en in g  and sw elling of th e  cloacal opening, p seud o m em b ran aceo u s lesions and  u lce ra tio n  
of th e  cloacal m ucosa a n d  red u ctio n  of egg y ield . T he illness las ted  a few  weeks and  w as 
u su a lly  fa ta l in ou tcom e. T he a u th o r  ob ta in ed  good th e ra p eu tic  re su lts  w ith  H e d a n  p re p ­
a ra tio n s , b u t  failed to  id en tify  th e  causal a g en t a n d  tran sm iss io n  experim en ts  were also 
negative.

T he infectious in fla m m a tio n  of th e  cloaca o f ducks was re p o rte d  b y  W a g e n e r  an d  
H a r m s  (1948), la te r  b y  Q u a g l i o  (1959) and  S v i t a v s k y  (1965). T hese  au th o rs  are o f th e  
op in ion  th a t  th e  m ale ducks of th e  flock becom e a ffec ted  f irs t. Sw elling and  prolapse of th e  
pen is are followed b y  th e  fo rm atio n  of th ick , yellow ish  scabs on pen is a n d  cloacal m ucosa. 
D u ck  layers o ften  h a v e  scabs in  th e  sk in-m ucosa tra n s it io n  zone of th e  cloacal region; th e  
scabs dip 1 — 2 cm deep in to  th e  cloaca. A lthough  th e  disease is genera lly  regarded  as in fec­
tio u s , th e  causal a g en t is still n o t know n. E x p e rim en ta l infections fa iled . T he o u tb reaks la s t 
several weeks in th e  flocks. T h erap eu tic  a tte m p ts  w ith  su lphonam ide  p rep ara tio n s  and  ad- 
s tr in g en ts  were ineffective. In  H u n g ary , P a l y a  (1971) rep o rted  th a t  in c e rta in  goose flocks 
w here egg in fe rtility  w as h igh , several ganders h a d  a sw ollen, p ro lap sed  penis, often  w ith  
secondary  in flam m atio n  of th e  m ucosal p a r t. T he egg in fe rtility  was nevertheless a ttr ib u te d  
to  feeding errors an d  d am ag e  b y  fungal tox ins.
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D escrip tion  of th e  gander disease

E gg  in fe rtility  an d  a severe d isease o f th e  m ale o rgan  of ganders w ere 
f i r s t  re p o rte d  to  o u r D e p a rtm e n t from  several goose fa rm s in  1970. In  
J a n u a ry , 1971, a t  th e  beg inn ing  o f  th e  lay ing  season, o u tb reak s  o f th e  
sam e disease occurred  in  m any  goose flocks. The sim u ltan eo u s incidence in  
v a r io u s  flocks k e p t a t  d ifferen t levels of m anagem en t techno logy  ab ovo 
su g g ested  an  in fec tious aetio logy, u n re la te d  to  m an ag em en t system  a n d  
d ie ta ry  factors.

T he f irs t sy m p to m  was a te m p o ra ry  loss of a p p e tite , followed b y  in ­
f la m m a tio n  of th e  cloaca and  —  in  m ale  b ird s  —  by  red d en in g  and  n ec ro tic  
in f la m m a tio n  of th e  penis w hich led  in  severe cases to  p ro lapse  and  p a r t ia l  
loss o f  th e  m ale o rgan . T he b irds w ere genera lly  listless an d  10%  of th e  g an d ers  
d ied  in  th e  in fec ted  flocks w ith in  a few  w eeks. Egg in fe r tility  increased  a b ­
r u p t ly  w ith  th e  p rogression  of th e  o u tb re a k  and  th e  fem ale b irds s to p p e d  
lay in g  eggs w ith in  4 — 5 weeks a f te r  th e  onset.

D iseased an d  dead  b irds su b m itte d  from  d ifferen t p a r ts  of th e  c o u n try  
show ed  th e  sam e sy m p to m s an d  gross lesions, th e  only  difference being  th e  
deg ree  o f the  changes, depend ing  on th e  ea rly  or advanced  s tag e  of th e  d isease.

In  th e  in itia l s tag e , th e  penis can  be exposed b y  th e  m assage p ro ced u re  
em ployed  for a rtif ic ia l in sem in a tio n , i t  show s swelling and  m ucosal red d en in g  
o n ly  n ea rb y  th e  v e n tra l  wall o f th e  c loaca, and  the  scalloping of th e  sp ira l 
sem in a l d u c t is well p reserved  (F ig . 1). L a te r  exposure o f th e  penis en co u n te rs  
d iff icu lty , th e  penis is coated  b y  a fo am y  m ucus an d  th e  cloacal m ucosa e x ­
h ib its  swelling an d  a m ark ed  red d en in g  (F ig. 2). A fter th e  acu te  s tag e , in ­
f la m m a tio n  involves th e  en tire  m ale o rgan . The m ucous m em brane assum es a 
p u rp le  or v io le t-red d ish  shade, th e  sem inal du c t d isappears, a yellow ish, sc a b ­
like deposition  (F ig. 3) and  u lce ra tio n  (F ig. 4) develop u n til , finally , th e  in ­
f la m e d  p a rt becom es d e tach ed  (F ig . 5). T he cloacal region is swollen an d  h a rd . 
P ro lap se  and in ca rce ra tio n  som etim es re su lt in necrosis an d  d e tach m en t o f th e  
e n tire  penis. A ccord ing  to  new er o b se rv a tio n s, p ro lapse, d em arca tio n  a t  th e  
ro o t  and  d e ta c h m e n t o f th e  m ale  o rg an  can also occur w ith o u t p reced in g  
sev ere  in flam m ato ry  phenom ena.

T he m ain  — often  only —  sy m p to m  show n by  th e  layers is th e  sw elling 
a n d  hardness of th e  cloacal reg ion . In  ad d itio n  pseudom em branaceous d ip h ­
th e ro id  depositions are  freq u en tly  fo u n d  on th e  cloacal m ucosa.

The course o f th e  disease is v e ry  ra p id , as show n in  F ig . 6, w hich show s 
th e  cu rve  for an  o u tb re a k  in  a la rg e  flock . The flock, 11,256 b irds, w as k e p t  in  
a tra d itio n a l covered  y a rd  of 2700 m 2 floo r space and  no w a te r  was av a ilab le  
in  th e  run . The o u tb re a k  set on a f te r  a la ten cy  for 5— 6 d ays betw een  9 a n d  17 
F e b ru a ry  1972, follow ing th e  b eg in n in g  o f m ating . E gg  p ro d u c tio n  reach ed  
th e  m ax im al level v e ry  soon, th e n  fell g rad u a lly  an d  sim u ltan eo u sly  th e  feed
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Fig. 2. E a rly  s tag e  of in flam m ation : th e  penis is c o a ted  b y  foam y m ucus

INFECTIOUS INFLAMMATORY DISEASE OF CLOACA. I

Fig. 1. N orm al m ale o rg an  of gander. N ote th e  p a te n cy  an d  scallop ing  m argins o f th e  sem inal
d u c t
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Fig. 4. T he u lce ra ted  g lans pen is has becom e d e tach ed

F ig . 3. D iph th ero id  p seu d o m em b ran e  on th e  glans penis (m edium  severe  stage)
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consum ption  w as also reduced . A fter tem p o ra ry  f lu c tu a tio n s , egg p ro d u c tio n  
becam e stab ilized  a t a low er level. T he egg in fe r tility  ra te  increased  v e ry  
rap id ly , reach ing  90 %  b y  11 M arch, so th a t  h a tch in g  h ad  to  he stopped .

On p o s tm o rtem  ex am in a tio n , th e  carcases un ifo rm ly  show ed p e rica rd itis  
an d  perito n itis , w ith  occasional deposition  of yellow ish f ib rin  in  th e  changed  
areas. P etech ia l h aem o rrh ag es were found  in  pe rica rd iu m , k id n ey s and  pancreas.

F ig. 5. Subsided in fla m m a tio n . A bou t one th ird  o f th e  penis h a s  becom e detached . N o te  
ch ron ic  in flam m atio n  of th e  cloacal sp h in c te r

One b ird  also h a d  en d o card itis . The spleen was genera lly  swollen, w ith  p e ­
tech ia l haem orrhages on th e  capsule an d  occasionally  nec ro tic  foci ap p eared  in  
th e  pu lp . The tes tic le s  w ere as a ru le n o rm al-ap p earin g , on ly  a single g an d er 
h ad  yellow ish, p in -p rick  necro tic  foci in  th e  tes tes . In f la m m a tio n  of th e  ov i­
d u c t was often fo u n d  in  layers.

The m ucous m em b ran e  of th e  cloaca w as m ark ed ly  red , w ith  in jec ted  
vessels, and  was o ften  covered  b y  d ip h th e ro id  p seu d o m em b ran es an d  u lce­
ra tio n s , rang ing  in  size from  th a t  o f a pea  to  a bean . In  several cases, th e  
lum en  w as filled  b y  a fib rin o u s-caseo u s substance  o f th e  cloaca, w hich  ex ­
ten d ed  in to  th e  ab d o m in a l cav ity . A sim ilar f ib rin o u s , caseous-pu ru len t 
su b stan ce  filled th e  space u n d e r th e  p repuce  o f th e  ganders.

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



352 SZÉP et al.

F ig . 6. Curve for course o f  o u tb re a k  in  a large  goose flock. N ote  th e  ra p id  rise  in th e  egg 
in fe r t i l i ty  r a t e . ----------egg p r o d u c t i o n ; ------------feed  c o n s u m p tio n ; ...................s te rility

A G ram -negative  m ono-diplococcus was reg u la rly  iso la ted  n o t on ly  
fro m  th e  g en ito u rin a ry  t r a c t ,  k idneys, te s tic le s , m ucous m em branes o f penis 
a n d  cloaca, b u t also from  th e  spleen, h e a r t  b lood, an d  p an c reas  o f th e  dead  
geese.

A ttem p ts  a t  c la ssifica tion  of th e  iso la te  show ed i t  to  belong  to  th e  genus 
N eisseria . I t  is, how ever, d is tin c t from  N eisseria  gonorrhoeae, being  a p p a re n tly  
a  specific  p a th o g en  o f  geese. T he p ro p ertie s  o f th e  new  N eisseria  sp. an d  its  
b e h a v io u r in in fec tion  ex p erim en ts  are  th e  su b jec t of a n o th e r  rep o rt.

Therapy and Control

The following th e ra p e u tic  and  co n tro l m easures w ere em ployed .
E ach  b ird  of th e  flo ck  w as exam ined  in d iv id u a lly  an d  those  layers 

w h ich  h ad  a sw ollen cloacal region an d  th ick en ed , p a lp ab le  sp h in c te r  m uscles 
as w ell as th e  ganders w ith  u lce ra tio n  or d e ta c h m e n t o f th e  m ale organ  w ere 
cu lled , on th e  g rou n d s t h a t  severe, ch ron ic  changes no longer respond  to  
th e ra p y .
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The in f la m m a to ry  lesions of th e  ganders w ere t r e a te d  locally to  p re v e n t 
progression an d  su p p u ra tio n . T he penis w as w ashed  in  d is in fec tan t (2 %  
Tego-51) so lu tio n  an d  tre a te d  w ith  an  O xy te tracycline  pow der. T he sick  
ganders w ere iso la te d  from  th e  re s t o f th e  flock  fo r 8 — 10 days. In  c e r ta in  
cases, s im u ltan eo u sly  w ith  th e  local t re a tm e n t, 5000 IU /k g  penicillin w as a d ­
m in istered  in tra m u sc u la r ly  to  all b ird s o f th e  flock, in c lu d in g  th e  a p p a re n tly  
h ea lth y  ones. F lo ck  tre a tm e n t w ith  an tib io tic  was deem ed  necessary b ecau se  
th e  disease w as c learly  contag ious an d  b a c te ra em ia  w as likely to  occur as 
show n ex p e rim en ta lly .

The iso la tes  w ere regu larly  te s te d  for an tib io tic  res is tan ce , and th e  a n t i ­
b io tic  p ro d u c in g  th e  w idest in h ib itio n  zone w as u sed  fo r th e rap y  w h en ev er 
possible.

A t th e  b eg in n in g  o f th e  o u tb re a k  (w hen 5 to  10%  o f th e  ganders w ere 
involved), feed  m ed ica tio n  w ith  E R R A -6  a t  1%  d ie ta ry  level (600 g O x y te tra ­
cycline p e r to n  feed) for one- tw o-w eek  periods, se p a ra te d  by  a d ru g -free  
in te rv a l o f one w eek, p roved  to  be a successful th e ra p e u tic  approach.

C onvalescen t b ird s  do n o t develop im m u n ity , w hence reinfection  o f  th e  
ganders can  occur on co n tac t w ith  th e  layers. F lo ck  rep lacem ent b y  new  
ganders is th e re fo re  n o t advised  because in fec tion  pers is ts  in  th e  flo ck  i f  
recovery  is in co m p le te  an d  th e  new m ales also c o n tra c t th e  disease. T he lib id o  
o f th e  sp o n tan eo u sly  recovered  or cu red  ganders w as as a rule s a tis fa c to ry ; 
th e  m inor decrease  in  egg in fe r tility  a fte r  a co n tro lled  o u tb reak  rem a in ed  
w ith in  th e  lim its  o f econom ic p rod u c tio n .

The fo llow ing m easures are p roposed  for th e  p rev en tio n  of sp read  a n d  
in tro d u c tio n  o f th e  disease:

G roups o f  in fec ted , b u t  recovered  b ird s shou ld  be tre a te d  as a closed  
flock and  cu lling  o f th e  affected  ind iv id u a ls  shou ld  be perform ed g rad u a lly .

The p rem ises o f  th e  in fec ted  flock  shou ld  be d isin fec ted  w ith  5%  ch lo rine  
a fte r  a general clean ing .

K eeping  o f  th e  b ird s in  sm all g roups, im p ro v em en t of the  hygienic co n ­
d itions and  p ro p h y la c tic  feed m edication  w ith  O xytetracycline for one w eek  
du ring  th e  lay in g  seasons (every  six w eek) are  im p o r ta n t  p rev en tiv e  m easu res.

P eriod ica l con tro l exam ina tions of th e  m ale o rg an  of ganders a t 2— 3- 
week in te rv a ls  are  advised .

D uring  th e  a u tu m n  stocking  all layers and  gan d ers  should be ex am in ed  
ind iv id u a lly  fo r s ta te  o f th e  rep ro d u c tiv e  organs an d  shou ld  be culled on  th e  
least suspicion o f disease.

Summary

A prev io u sly  u n k n o w n , infectious v en erea l disease, cau sin g  g rea t losses an d  g re a tly  
affecting  re p ro d u c tio n , w as observed in  large  goose flocks. T h e  cond ition  is ch a rac te rized  
by  a severe disease o f th e  m ale organ of gan d ers and  b y  an  u n u su a lly  high ra te  o f egg in ­
fe rtility . T he f irs t sy m p to m  is in ap p e ten ce, follow ed by  in flam m atio n  of th e  cloaca, in  m ale
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b ird s  b y  redden ing  a n d  p seu d o m em b ran aceo u s in fla m m a tio n  of penis a n d  cloaca. In  severe 
cases p ro lap se  of th e  p en is is follow ed by  its  p a r t ia l  o r com plete d e ta ch m e n t. In  th e  in fec ted  
flocks 10%  of th e  d iseased  gan d ers died  w ith in  a  few  weeks. A m icroorgan ism  resem bling  
N eisseria  gonorrhoeae. b u t  d is tin c t from  it,  w as iso la te d  from  lesions a n d  organs of carcases 
a n d  is th e re fo re  reg ard ed  as th e  causal ag en t. T h e  sym ptom s and gross lesions o f th e  goose 
v e n e re a l disease and  p ro p o sed  th e ra p eu tic  a n d  p re v en tiv e  m easures a re  described  in  d e ta il.
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AN INFECTIOUS INFLAMMATORY DISEASE 
OF CLOACA AND PENIS IN GEESE 

(GOOSE GONORRHOEA)
I I .  P R O P E R T IE S  O F  T H E  CAUSAL A G E N T  AN D  IN F E C T IO N  E X P E R IM E N T S

By

M ária P a t a k y

D e p a rtm e n t o f Physio logy  a n d  A nim al H e a lth  (H e ad : I. S z é p ) ,
U n iv e rsity  of A g ricu ltu ra l Sciences, Gödöllő

(R eceived  Ju ly  10, 1972)

The sy m p to m s, epizootological course, gross lesions an d  ex p erim en ta l 
th e ra p y  of a goose v en erea l disease, caused  by  a N eisseria-like  m icroorgan ism , 
w ere rep o rted  p rev io u sly  (S z é p  e t a l., 1971). S tudies on th e  m orphological an d  
b iochem ical p ro p ertie s  an d  an tib io tic  sen sitiv ity  of th e  cau sa l agen t an d  th e  
re su lts  of in fec tion  ex p erim en ts  are  described in  th is  p a p e r.

Materials and Methods

Bacterium  stra ins  iso la ted  from  various large goose flocks were desig n a ted  
w ith  th e  in itia ls  o f th e ir  place o f origin as O, H sz, H n , Z, R , F  and  T.

Growth m edia. Com m on b ro th , com m on agar p la tes co n ta in in g  1%  glucose 
a n d  agar p la tes c o n ta in in g  5 %  sheep blood were used fo r iso la tion . T he ca rb o ­
h y d ra te  decom posing a c tiv ity  of th e  iso lates was ex am in ed  in  liqu id  m edia, 
co n ta in in g  1%  glucose or glucoselike alcohols —  w hich  a re  seen in  th e  
T ab le  I — and  an  a p p ro p ria te  p H  in d ica to r. Gas p ro d u c tio n  w as exam ined  
in  D u rh am  tu b es p laced  on th e  b o tto m  of th e  cu ltu re  tu b es .

The m otility  o f th e  iso la ted  organism s was exam ined  in  0 .2%  agar co lum ns.
Sensitiv ity  to antibiotics te s te d  b y  m eans of th e  R esitest-d isc  te c h ­

n ique . 0.1 ml of a 24-hour b ro th  cu ltu re  was even ly  sp read  on th e  su rface  
o f  a glucose-agar p la te  and  a fte r a p p ro p ria te  d ry ing  in  th e  in cu b a to r, th e  a n t i ­
b io tic -co n ta in in g  discs w ere p laced  on th e  agar surface a t  e q u id is ta n t spaces. 
T h e  d iam eters of th e  in h ib itio n  zones were dete rm in ed  a fte r  an in c u b a tio n  
fo r 24 hours a t  37°C.

Sam ples. E x u d a tio n  from  th e  affected  penis an d  cloacal m ucosa an d  
c e r ta in  organs of d iseased  or dead  ganders were used as in fec tious m ateria l.
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Morphological, biochem ical and staining properties o f  the isolates

One and the  sam e m icroorgan ism  w as iso la ted  from  th e  penis and  cloacal 
m u co sa  of all d iseased la y e rs  an d  ganders, from  th e  testic les o f th e  ganders and  
fro m  th e  spleen, h e a r t  b lo o d , pancreas a n d  k id n ey  o f carcases .

F irs t iso lations w ere  equally  successful in  glucose ag a r and  blood agar 
w ith in  24 hours a t 37°C. T h e  colonies w ere v e ry  sm all, ex trem e ly  delicate and  
tra n s p a re n t , som etim es show ing opalescence in  tra n s m itte d  lig h t; th e y  were 
g en era lly  round , som e show ing  a sligh t g ra n u la tio n  and  d e lica te  lobu la tion  a t 
th e  m arg ins, especially  a f te r  2— 3 d ay s. T he m icroorgan ism s were G ram  
n e g a tiv e ; on s ta in in g  w ith  L öffler’s m e th y len e  b lue th e y  could  be iden tified  
u n d e r  th e  m icroscope as sm all mono- or diplococci. T he a d ja c e n t surfaces of 
each  p a ir  were s tra ig h t, th u s  th e  shape o f th e  cocci re m in d e d  o f coffee beans. 
T h e  organism s were a b o u t 0.5 ц  in  d iam ete r. The sam e cocci w ere iden tified  
in  sm ears tak en  from  th e  ro o t of th e  penis o f d iseased b ird s  an d  sta in ed  w ith  
L ö ffle r’s technique.

B acteria l g ro w th  w as poor in com m on b ro th . S uccessfu l tran sfe rs  were 
m ad e  a fte r  sto rage fo r 2 — 3 weeks in  th e  re frig e ra to r o r a t  ro o m  tem p era tu re . 
T h e  cu ltu res show ed n e ith e r  haem oly tic  a c t iv i ty  nor m o tility . T hey  decom ­
posed  glucose, sucrose, m alto se , salicin an d  —  a fte r 48 h o u rs  —  also trehalose ; 
th e  fe rm en ta tio n  of g lucose and  salicin  w as accom pan ied  b y  gas fo rm ation . 
L ac to se , sorbitol, m a n n ito l, raffinose, in u lin , dulcito l, ad o n ite , a rab inose an d  
g lycero l were no t decom posed  by  th e  s tra in s  and  lith m u s  m ilk  show ed no 
ch an g e  (Table I).

Antibiotic sensitivity

M orphologically an d  b iochem ically  id e n tic a l iso la tes from  carcases o f 
sp o n tan eo u sly  died or fresh ly  killed b ird s  o rig ina ting  from  various flocks 
w ere te s ted  for re s is tan ce  to  penicillin , s trep to m y c in , au reo m y c in , te rram y c in , 
ch lo ram phen ico l, te t r a c y n , neom ycin , e ry th ro m y c in  an d  p o lym yx in -B . All 
s tra in s  proved  to  be re s is ta n t  to  S u p ersep ty l, th e  single su lphonam ide  te s ted . 
In h ib itio n  zones 20— 30 m m  in d iam e te r w ere found  w ith  all an tib io tics 
te s te d  (Table II) . The deg ree  of sen s itiv ity  to  ce rta in  an tib io tic s  varied  sligh tly  
w ith  th e  flock, b u t  i t  w'as un ifo rm ly  h igh to  penicillin .

Infection experiments

T he following in fe c tio n  experim en ts w ere carried  o u t to  su b s ta n tia te  
th e  pathogen ic  n a tu re  o f  th e  iso lates an d  th e  in fectious n a tu re  of th e  disease:

a ) B ro th  cu ltu re  w as ru b b ed  in to  th e  m ucous m em b ran e  of th e  penis of 
h e a lth y  ganders.
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Table I

C a rb o h y d ra te  decom position  a n d  o th e r  p ro p e rtie s  o f  th e  isolates

C a rb o h y d ra te 24 hours 48 H o u rs

Glucose acid  +  gas fo rm atio n acid  -f- gas form ation

Lactose negative negative

Sucrose acid fo rm ation acid  fo rm ation

M altose acid form ation acid  fo rm ation

Trehalose negative acid  fo rm ation

Sorbitol negative negative

M annitol negative negative

R affinose negative negative

Inuline negative negative

A donite negative negative

D ulcitol negative n egative

A rabinose negative negative

Salicin acid  +  gas fo rm atio n acid  +  gas form ation

Glycerol negative negative

H aem oly tic  a c tiv ity negative negative

M otility negative negative

L ithm us m ilk negative negative

Table II

A n tib io tic  sen sitiv ity  o f th e  iso lates

A n tib io tic
D ia m e te r o f in h ib itio n  zone in  m m  for s tra in s

0 H sz H n Z R F T

Penicillin 30 28 28 22 22 26 28

S trep tom ycin 23 22 23 20 20 22 23

A ureom ycin 28 23 22 20 20 23 21

T erram ycin 25 25 30 20 22 23 23

Chlorocid (C hlorte tracycline) 28 26 30 20 23 25 25

T etracy n 25 0 0 17 20 22 23

N eom ycin 26 30 30 30 25 26 26

E ry th ro m y cin 28 25 25 20 23 24 25

Polym yxin-B 20 20 20 18 17 18 19

S upersep ty l 0 0 0 0 0 0 0
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b)  O rgan suspensions p re p a re d  from  hom ogenized te s tic le  an d  k idney  
o f  g an d ers  s lau g h te red  in  ad v an ced  stag e  o f disease w ere ap p lied  in tra p e ri-  
to n e a lly  an d  b y  su b cu tan eo u s in f il tra tio n  to  th e  cloacal region.

c)  B lood o b ta in ed  from  b ird s  k illed  in  advanced  s tag e  o f disease was 
ap p lied  in tra p e rito n e a lly  an d  b y  su b cu tan eo u s  in filtra tio n  o f th e  cloacal reg ion  
to  h e a lth y  ganders an d  layers.

d —e) A h e a lth y  la y e r  w as p laced  w ith  an  ex p erim en ta lly  in fec ted  g an d er 
a n d  vice versa. T he m ale an d  fem ale b ird s  o f  groups e a n d  d  w ere sep a ra ted  
fro m  one an o th e r a f te r  one w eek. A ll ex p erim en ta l b ird s  (groups a— e) were 
k e p t  in  in d iv id u a l cages.

Latency period and sym ptom s. T h e  cloacal region show ed no change a fte r  
3 d a y s , h u t  a fte r 5 day s i t  ex h ib ited  sw elling, rise o f local sk in  te m p e ra tu re , 
a n d  red d en in g  of th e  m ucous m em b ran e . T he penis of th e  ganders s im u lta ­
n eo u sly  ex h ib ited  red d en in g  a t  th e  ro o t a n d  w as coated  b y  a v iscous m ucus; 
in  som e cases, th e  m ale o rgan  w as d ifficu lt to  expose. T he h e a lth y  ganders and 
la y e rs  exposed to  in fec tio n  b y  c o n ta c t also co n trac ted  th e  disease an d  beg an  to  
show  th e  above sy m p to m s a fte r one w eek ; th e  cloaca an d  penis w ere affected  
to  d iffe ren t degrees, b u t  never as severe ly  as in  th e  n a tu ra lly  d iseased  geese.

Blood tests

T he blood o f ex p e rim en ta lly  in fe c te d  b irds was te s te d  b y  tu b e  ag g lu ti­
n a tio n  on th ree  occasions, 6, 8 a n d  16 w eeks a fte r th e  in fec tion . T he resu lts  
w ere  p o sitive  th ro u g h o u t a t  serum  t i tr e s  rang ing  from  160 to  320; va lu es  for 
6 a n d  16 weeks w ere p rac tica lly  id en tica l.

Discussion

P rac tica l o b serv a tio n s d u rin g  o u tb re a k s  and  la b o ra to ry  s tud ies o f th e  
iso la te d  coccus s tra in s  s tro n g ly  suggest th a t  a b ac te riu m  species belong ing  to  
th e  genus N eisseria  shou ld  be reg a rd ed  as th e  p rim ary  causa l ag en t o f  th e  
in fec tio u s  in fla m m a to ry  disease of pen is an d  cloaca in  th e  large  goose flocks 
u n d e r  s tu d y .

T he ligh t-m icroscopic  ap p ea ran ce  an d  colony m orpho logy  of th e  cocci 
ju s t i fy  th e ir  c lassifica tion  as a y e t u n k n o w n  species of N eisseria . A lth o u g h  th e  
ep izooto logical course a n d  m ode o f in fec tio n  of th e  goose ven erea l disease cor­
re sp o n d  w ith  h u m an  gonorrhoea , th e  b iochem ical b eh av io u r of th e  s tra in s  is 
d is t in c t  from  th a t  o f N eisseria  gonorrhoeae an d  of all o th e r  N eisseria  species 
k n o w n  from  sy stem atic  descrip tions ( N .  sicca, N . intracellularis, N . f la v a , N  
subflava , N . perfla va ).

T he c larification  o f th e  tru e  im p o rta n c e  of th e  new  N eisseria  species, 
w h ich  seems to  he a specific p a th o g en  o f geese, requires fu r th e r  in v es tig a tio n .
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S u m m ary

A b a c te r iu m  species belonging to  th e  genus Neisseria w as iso la ted  as th e  p r im a ry  
cau sa l a g en t of a goose v en erea l disease n o t o b se rv ed  prev iously . T he disease a ffects th e  cloaca 
an d  in  g an d ers  th e  penis. T he epizootological course, th e  m ode of in fec tion  a n d  th e  gross 
lesions co rresponded  w ith  those  of h u m an  g o n o rrh o ea , b u t  in  b iochem ical te s ts  th e  iso la tes 
b eh av ed  d iffe ren tly  from  Neisseria gonorrhoeae a n d  all o th e r kno w n  Neisseria species ( N. 
sicca, N . intracellularis, N . flava , N. subflava, N . perflava).

T he c larifica tio n  o f th e  im p ortance  o f th e  new  Neisseria species, w hich  a p p ea rs  to  
be a specific p a th o g en  fo r geese, w a rran ts  fu r th e r  s tudy .
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(R eceived S ep tem ber 12, 1973)

E rec tio n  of th e  c o p u la to ry  organ  o f m ale  an im als ta k e s  p lace in  con­
sequence of th e  engorgem en t of th e  cavernous spaces o f th e  penis w ith  b lood  
in  m am m als and  w ith  ly m p h  in b irds. A lthough  th e  av ian  c o p u la to ry  organ  is 
e ith e r  ru d im e n ta ry , as in  cocks, or well developed , as in  th e  g an d er and  d rak e , 
th e  m echan ism  of e rec tio n  and  th e  s tru c tu re  an d  fu n c tio n  of th e  av ian  erec tile  
a p p a ra tu s  w ere fo u n d  to  be essen tia lly  sim ilar in  th e  species s tu d ied  so far.

T he role o f ly m p h  in  th e  erection  of th e  a v ian  co p u la to ry  o rg an  h as long been kno w n  
( E c k h a r d , 1870; M ü l l e r , 1908; L i e b e , 1914), b u t  c e rta in  re p ro d u c tio n  biological a n d  
p a th o lo g ica l p rob lem s aris in g  u n d e r th e  conditions o f large-scale p o u ltry  fa rm in g  have recen tly  
rev iv ed  in te re s t  in  d e ta ils  o f m orphology an d  fu n c tio n . M any a u th o rs , recognizing th e  im ­
p o rtan c e  of th e  p ro b lem  ( N i s h i y a m a , 1955; L a k e , 1957; N i s h i y a m a  a n d  O g a w a , 1961; 
K o m á r e k , 1969; M a r v a n , 1969; F e d e r , 1970, K n i g h t , 1967, 1970), in v es tig a ted  th e  s tru c tu re  
an d  fu n c tio n  of th e  co p u la to ry  organ  and  corpus vascu la re  ( L i e h e ’ s “ gefässreicher K ö rp e r” , 
fu r th e r  on re fe rred  to  b y  N i s h i y a m a ’s te rm  as v ascu la r body). “ T he ly m p h  or a flu id  sim ilar 
to  ly m p h ”  ( N i s h i y a m a )  is gen era ted  in  th e  v ascu la r bod y  an d  from  th e re  i t  flows th ro u g h  
a w ide d u c t in to  th e  cav ern o u s spaces o f th e  c o p u la to ry  organ.

D esp ite  ex ten siv e  stud ies on th e  top ic , no lite ra ry  d a ta  are availab le  on 
th e  erec tio n  a p p a ra tu s  of aq u a tic  b ird s , n o r on th e  e lec tro n  m icroscopic 
s tru c tu re  of th e  v a scu la r  body ; also, several d e ta ils  o f ly m p h  f iltra tio n  an d  o f  
th e  m echan ism  of e rec tio n  and  re lax a tio n  are  s till poo rly  u n d erstood .

M aterials and M ethods

T he rep ro d u c tiv e  organs of th e  gander an d  d rak e  w ere s tud ied  d u rin g  
th e  ac tiv e  period  o f  sexual function . F resh  an d  fo rm alin -fixed  organs w ere 
processed. Specim ens for lig h t and  elec tron  m icroscopic s tu d y  w ere secured  
im m ed ia te ly  a f te r  k illing  th e  b irds by  b leeding. T en p e rcen t n e u tra l fo rm alin , 
H e lly ’s fix in g  so lu tio n  or g lu ta ra ld eh y d e  an d  osm ium  te tro x id e  were used for 
f ix a tio n . Sections c u t from  paraffin -em b ed d ed  specim ens w ere sta in ed  w ith  
h aem a to x y lin  an d  eosin , v an  G ieson’s s ta in  or resorcine an d  fuchsin . Sections 
for e lec tron  m icroscopy  w ere p rep ared  from  D u rcu p an -em b ed d ed  (F L U K A )
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sp ec im en s w ith a R e ic h e rt Om U2 u ltram ic ro to m e  an d  w ere co u n te rs ta in ed  
w ith  u ra n y l ace ta te  an d  le a d  c itra te . T he e lectron  m icrog raphs w ere p rep ared  
w ith  a T E S L A  BS ty p e  613 a p p a ra tu s , in  th e  E lec tro n  M icroscopy L a b o ra to ry  
o f  th e  U niversity  of V e te r in a ry  Science.

R oen tgenogram s o f th e  v a scu la r n e t w ere p rep a red  a fte r  th e  in jec tio n  
o f  N o v o b ariu m  and  co rrosion  p rep a ra tio n s  a fte r the  in jec tio n  of T ech n o v it 
(K U L Z E R ).

R esults

In  th e  quiescent c o n d itio n , th e  penis of b o th  g an d er and  d rake  lies 
fo ld ed  in  a th in  co nnec tive  tissue “ cap su le”  on th e  v e n tro la te ra l w all of th e  
c loaca . T he ou te r su rface o f  th e  capsu le  is sm ooth , w hile inside i t  a loose con­
n e c tiv e  tissue, adm ix ing  w ith  elastic  fib res , is found , w hich  is connected  w ith  
th e  pen is. Thus the  q u iescen t penis is n o t visib le th ro u g h  th e  cloaca; its  opening 
( o stiu m  p en is)  is, a long  w ith  th e  fo ssa  ejaculatoria , su rro u n d ed  b y  m ucosal 
fo ld s. T he supporting  s tru c tu re  of th e  folds is an  e lastic  ca rtilage , a b en t, 
tro u g h lik e  lam ella, w hose base associates w ith  th e  v e n tra l  w all o f th e  cloaca 
in  th e  reg ion  of th e  u ro d a e u m , while its  tw o  edges e x ten d  in to  th e  folds. A t th e

F ig . 1. Schem e of th e  e rec tio n  a p p a ra tu s  of 
th e  p e n is  in  aquatic  birds (v e n tra l  view , w ith  
th e  p en is  slightly  erected). 1 , basis penis; 
2, a p e x  pen is; 3, flexura  p e n is ; 4, c a r tila ­
g in o u s lam ella ; 5, m. re tra c to r  p en is ; 6 , rec ­
tu m ; 7, vascu la r body; 8 , ly m p h  sinus; 9, 

ly m p h  vessels; 1 0 , ly m p h  duct

1

Fig. 2. Schem e of th e  e rec tio n  a p p a ra tu s  of 
th e  penis in a q u a tic  b ird s (v e n tra l view , w ith  
th e  region of th e  pen is base  exposed). Sym ­

bols as in F ig . 1
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cau d a l end o f th e  cartilag inous lam ella  begins th e  base  o f th e  penis, n e a rb y  
w hich  on th e  le ft is a tta c h e d  th e  ap ex  o f  th e  penis, an d  along  its  o u te r su rface  
ex ten d s  th e  cy lin d rica l re tra c to r  m uscle  o f th e  penis (m . re tra c to r  pen is, 
s.-cloacae), a b o u t 4 m m  in d iam eter.

T he penis consists of tw o, a lm ost eq u a lly  long, a d ja c e n t portions, lin k ed  
w ith  one a n o th e r  by  a loose connective  tissu e  (Suspensorium  penis  acco rd ing  
to  K o m a r e k ) .  T he tube-shaped  f irs t p o r tio n  (portio p ro x im a lis )  ex tends from

F ig. 3. C loacal reg ion  in v e n tra l view (g an ­
der). 1 , cloacal sp h in c te r  m uscle; 2 , (fram ­
ed) lo ca lizatio n  of v a scu la r  bodies; 3, re c tu m

F ig . 4. Cloacal reg ion  in  v e n tra l  view  (g an d er) , 
a f te r  rem oval o f th e  cloacal sp h in c te r m uscle  
a n d  w ith  penis slig h tly  erected . 1 , basis p en is ; 
2, ap ex  penis; 3, cartilag in o u s lam ella ; 4, m. 
re tra c to r  penis; 5, r ig h t and  left v a sc u la r  

bodies; 6 , rec tum

th e  basis p en is  to  th e  flexu ra  pen is, i ts  m ucosal coat is con tinuous w ith  th e  
m ucous m em b ran e  of th e  cloaca an d  i t  is covered b y  a k era tin ized  s tra tif ie d  
squam ous ep ith e liu m  (pars cutanea, K o m á r e k ); as th e  spaces of th e  cav ern o u s 
tissu e  are  p re se n t in  th e  wall of th e  f i r s t  p o rtio n , i t  m ay  also be te rm ed  as pars  
cavernosa. T he second portion  of th e  p en is , portio distalis (pars extrema p en is  
accord ing  to  K o m á r e k ) ,  extends from  th e  flex u ra  to  th e  apex penis  an d  co n ­
ta in s  g lands (pars g landularis) ,  b u t  no  cavernous spaces are d e m o n s tra te d . 
T he apex  o f th e  penis a ttach es to  th e  ca rtilag inous lam ella . A t erec tion , th e  
p ro x im al p o rtio n  of th e  penis p ro tru d e s  from  th e  cloaca b y  w inding sp ira l 
m ovem en ts, w h ereb y  th e  m ucous m e m b ra n e  and  th e  helical sulcus ejaculatorius
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a re  ev e rted  to  th e  o u te r  surface, and  th e  m ore  com pact d is ta l po rtio n  fills th e  
in sid e  o f th e  p ro x im al p o rtio n ; since th e  ap ex  o f th e  penis is a tta c h e d  to  th e  
ca rtilag e , th e  e rec tile  pen is can only  p ro tru d e  from  th e  cloaca a t  h a lf  le n g th .

T he v ascu la r bod ies, corpus vasculare dextrum  et s in is tru m , localize on  th e  
v e n tro la te ra l surface o f  th e  cloaca, ro u g h ly  a t  th e  level of th e  coprodaeum , a n d  
th e ir  long itu d in a l axes w ould  enclose an  a c u te  angle if  th e y  w ere p ro longed

F ig . 5. V ascu lar body  o f g a n d e r a fte r cu ttin g  F ig . 6. C ross-section of th e  vascu la r b o d y  re ­
o p en  th e  lym ph sinus. 1, v a scu la r bo d y ; g ion  (H . an d  E ., h and  m agnify ing  lens). 1,
2, ly m p h  sinus; 3, tra b e c u le s ;  4, cloacal v a sc u la r  body ; 2, ly m p h  sinus; 3, c loacal 

sp h in c te r  m uscle  sp h in c te r  m uscle; 4, m . re tra c to r  pen is

in  th e  caudal d irec tio n . T he vascu lar bod ies are  p lum -sh ap ed , red -co loured , o f 
c o m p a c t s tru c tu re s , 2 0 x 1 0  m m  in  size, w h ich  can n o t be seen or ap p ro ach ed  
un less th e  m. sphincter cloacae is cu t open.

D orsally , th e  v a sc u la r  body  is closely  associated  w ith  th e  cloacal a d ­
v e n ti t ia , th e  d u c tu s  deferens and  u re te r  passing  betw een  th e m  tow ards th e  
u ro d a e u m ; th e  re s t  o f th e  surface of th e  v a sc td a r body  is su rro u n d ed  b y  a 
p e rip h e ra l ly m p h  sinus (cavum lym pha ticum , “ L y m p h b ild u n g srau m ” , L i e b e ). 

T he ly m p h  sinus o r c a v ity  is su rro u n d ed  b y  m uscles, th e  m . sphincter cloacae 
an d  m . retractor p e n is , an d  its  wall is fo rm ed  b y  th in  co nnec tive  tissue a n d  
en d o th e liu m , w hich a re  associa ted  w ith  th e  fascia of th e  m uscles. M any th in ,  
e la s tic  s tran d s  ( trabeculae)  tran sv e rse  th e  space betw een  th e  v ascu la r b o d y  
a n d  th e  wall of th e  ly m p h  sinus. T he v a sc u la r  bodies a re  linked  w ith  th e  
cav e rn o u s  spaces o f  th e  penis b y  a w ide d u c t, th e  connecting  p o rtion  (ductus
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lym p h a ticu s) ; th e  b ila te ra l co n n ec tin g  po rtio n s com m unicate  w ith  each  
o th e r  u n d e r th e  cartilag inous lam ella . The sy stem  o f periphera l ly m p h  
sinuses an d  th e  cavernous tissue spaces o f th e  penis are lined  by  en d o th e liu m . 
T he in tra c a v e rn a ry  tissue n ea rb y  th e  base  of th e  penis, con ta ins corpuscles 
o f H e rb s t.

F ig. 7. L ig h t m ic ro g rap h  of vascu lar bod y  
(H . a n d  E .). 1, lym ph^spaces

F ig . 8. M arg inal d e ta il of v a sc u la r  b o d y  
(resorcine  and  fuchsin  sta in ). 1 , ly m p h  sp a c ­

es; 2, ly m p h  sinus; 3, trab e cu la

T he v ascu la r  bo d y  is supp lied  b y  th e  th ick , to r tu o u s  in te rn a l p u d e n d a l 
a r te ry  ( a. pudenda in terna)  w hich d iv ides in to  5 or 6 b ranches in  th e  d o rsa l 
(cloacal) p a r t  of th e  s tru c tu re . E ach  b ra n c h  gives off ra d ia l tu f ts  of u n d u la tin g  
sm all a r te rie s  an d  arterio les; th e  space  betw een  th e  vessels is filled b y  a dense 
m esh o f cap illa ries, w hich jo in  to  fo rm  veins in  th e  dorsa l p a r t  of th e  v a sc u la r  
body . T he in te rn a l p u d en d a l ve in  ( v. pudenda  in terna)  leaves th e  v a sc u la r  
bo d y  side b y  side w ith  th e  a r te ry . T he o b se rv a tio n  th a t  in  corrosion p re p ­
a ra tio n s  p re p a re d  w ith  a coloured su b stan ce  th e  in te rn a l p u d en d a l ve in  w as 
m uch  p a le r  th a n  its  a rte ria l c o u n te rp a r t  lead  to  th e  conclusion th a t  th e  co arser 
g ranu les o f th e  colouring  m a tte r  d id  n o t  pass on to  th e  ve in , being tra p p e d  in  
th e  n a rro w  connec ting  b ranches, th e  m e ta rte rio le s ; th is  m eans th a t  no a r te r io ­
venous anastom oses ex is t betw een  th e  la rg e r vessels even  in  th e  q u iescen t 
cond ition .

T he conn ec tiv e  tissue  su p p o rtin g  th e  s tru c tu re  of th e  v ascu la r b o d y
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c o n ta in s  f ib ro b la s ts , fib ro cy te s  an d  re tic u lu m  cells. The g re a te r  p a r t  o f th e  
fib re s  are collagen an d  re ticu lu m  fib res (tropoco llagen ); th e  la t te r  form  a dense 
n e tw o rk  n ea rb y  th e  f ib ro b la s ts  and  b a se m e n t m em branes. T he v ascu la r bo d y  
also co n ta in s  m an y  e lastic  fib res, w hich e x te n d  in to  th e  trab ecu lae  trav e rs in g  
th e  ly m p h  sinus. T he a rte rie s  (sm all a r te rie s  an d  arterioles) h av e  a th ick  w all 
a n d  a narrow  lu m en ; b o th  th e  in te rn a l a n d  ex te rn a l elastic  lam in a  are well 
developed , especially  th e  la t te r ,  w hich is m ore  pronounced  th a n  usually . T he 
v e in s  are th in -w alled , w ith  a w ide lu m en , an d  th e  a d v e n titia  con ta in s m an y  
e lastic  fib res. U n d er th e  lig h t m icroscope, th e  lum ina  of th e  cap illa ry  vessels 
w ere  so narrow  th a t  th e y  could  scarcely  be  recognized. The endo thelium -lined  
ly m p h  spaces, w hich co m m u n ica te  w ith  one a n o th e r and th e  ly m p h  sinus, are 
c h a ra c te ris tic  an d  consp icuous p a rts  o f th e  v a scu la r body. T he trab ecu lae  are 
o f s im ila r tissue s tru c tu re  to  th e  v ascu la r b o d y  an d  are coa ted  b y  endo thelium . 
M any  ly m p h  vessels o rig in a te  from  th e  ly m p h  sinus.

E lec tro n  m icro g rap h s have show n t h a t  th e  capillaries o f th e  v ascu la r 
b o d y  are  so-called m u sc le -ty p e  vessels, lin ed  b y  u n in te rru p te d  endo thelium . 
T h e  lin ing  endo thelia l cells overlapped  in  th e  narrow , co n stric ted  cap illa ry . 
A p a r t  from  p in o cy to tic  vesicles, co rresp o n d in g  w ith  p inocy to tic  in v ag in a tio n s 
on b o th  surfaces, th e re  w ere m any  cy to p lasm ic  organelles: a g ran u la r en d o ­
p lasm ic  re ticu lu m , a sm all Golgi a p p a ra tu s , a m edium  am o u n t of m ito ­
ch o n d ria  w ith  a few c ris tae , lysosom es, m a n y  free ribosom es (polysom es) an d  
f i la m e n ts  were seen inside th e  cells. T he lu m in a l side of th e  en do the lium  was 
re la tiv e ly  sm ooth , o n ly  a narrow  process o r “ m arg inal fo ld”  being ex ten d ed  
a t  th e  end of th e  cells. A t th e  in te rce llu la r ju n c tio n s  th ere  were desm osom es; a 
“ zo n u la  occludens”  w as ra re ly  seen. T he n ucle i were e ither oval or sligh tly  f la t , 
d ep en d in g  on th e  sh ap e  o f th e  cell. T he  en d o th e liu m  was su rro u n d ed  b y  a 
b a se m e n t m em b ran e  an d  b y  a d v e n titia l cells (pericytes).

In  accordance w ith  lig h t m icro g rap h s, th e  p red o m in an t connective 
tis su e  cells p roved  to  be f ib ro b las ts  and  on ly  v e ry  few fib rocy tes and  re ticu lu m  
cells w ere p resen t am ong  th em . The in te rc e llu la r  space was filled  by  a re la tiv e ly  
loose m esh of collagen an d  elastic  fib res a n d  tropocollagen  filam en ts.

M any u n m y e lin a te d  nerve fib res an d  au tonom ous p lexuses were also 
seen in  th e  in te rs ti t ia l  tissu e  of th e  v a sc u la r  body . P lexuses w ere found  n o t 
o n ly  n ea rb y  vessels, b u t  also fa r th e r  rem o v ed .

Several synapses w ere seen a t th e  m arg in a l p a rts  of Schw ann cells. The 
sy n a p tic  axon p a r ts  c o n ta in ed , a p a r t  from  a few m ito ch o n d ria , m any  vesicles 
w h ich  w ere of tw o ty p e s , clear ones, a b o u t 250— 300 A in  d iam eter, an d  
dense-cored  vesicles, a b o u t 1000 A in d ia m e te r; b o th  ty p es occurred  in each  
sy n ap sis , b u t  a t  v a ry in g  p roportions.

T he en d o th e lia l cells lin ing th e  ly m p h  sinus system  w ere sim ilar in  
s tru c tu re  to  th o se  lin ing  th e  cap illaries a n d  th e  endo thelium  was se p a ra te d  
fro m  th e  connective tissu e  b y  a b a sem en t m em brane.
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Fig. 9. V ascu lar bod y  from  gander. An e n d o th e lia l cell (e) sep ara tes v ascu la r bod y  su rface  
from  ly m p h  sinus (ly). N o te  cross-sections o f cap illa ries (c), a d v en titia l cells (a), d e ta ils  o f 
f ib ro b la sts  (f) and  collagen fibres (со) inside v ascu la r  body. The lum ina of cap illaries co n ta in  

e ry th ro cy te s . E lec tro n  m ic ro g rap h  X 10,186
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Fig. 10. V ascu lar bod y  of g an d er. The ly m p h  sinus (ly) is lined  b y  endo the lia l cells, b e n e a th  
w h ich  th ere  are co llagen  (со) and  e lastic  (el) fib res . E lec tro n  m icrograph  X 24,750

D iscussion

A n o m en c la tu ra l confusion  is s till e x is tin g  in  resp ec t o f th e  av ian  cop- 
u la to ry  organ. The m ale o rgan  of ga llinaceous b ird s  does n o t p ro tru d e  from  th e  
c loaca a t  e rection  (p h a llu s  non pro trudens) ,  w hereas th a t  o f aq u a tic  b ird s  
does, be ing  acco rd ing ly  te rm e d  as p h a llu s  pro trudens , fib ro u s pen is  or s im p ly  
p en is .

T he various o rg an s o r organ p a r ts  p a r tic ip a tin g  in  th e  com plex m echan ism  
of e rec tio n  are te rm e d  co llectively  as th e  e rec tio n  a p p a ra tu s . The com ponen ts 
o f th e  la t te r  are th e  p a ire d  v ascu la r bod ies, th e  system  of ly m p h  sinuses, th e  
vessels, th e  m uscles o f th e  cloaca an d  th e  cavernous spaces of the  penis. T he 
f lu id  reg a rd ed  as ly m p h , p lay ing  th e  p r im a ry  role in  erec tion , is g en era ted  in  
th e  v ascu la r body .

U n d er th e  in flu en ce  of a sexual s tim u lu s , w hich p ro b ab ly  g enera tes a 
p a ra sy m p a th e tic  im p u lse , m uscle re la x a tio n  tak es  place in  th e  arte ries  an d  
p recap illa ry  a rte rio les , re su ltin g  in  d is ten s io n  of th e  lu m ina . T hus a la rge  
a m o u n t of blood is p u sh ed  in to  th e  cap illa ries a t  a h igh pressure, bring ing  a b o u t 
d ila ta tio n  and  th in n in g  o f  th e  cap illa ry  w all, th ro u g h  w hich blood p la sm a  
becom es e x tra v a sa te d  in to  th e  in te rs ti t ia l  space, owing to  an  increased  h y d ro ­
s ta tic  p ressu re. S im u ltan eo u sly  th e  ven o u s d ra inage  ten d s to  decrease, p ro b -
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F ig . 11. V ascu lar bod y  o f gander. R e ticu lu m  cell (r), d e ta il o f  a  f ib ro b la s t (f), tropoco llagen  
filam en ts ( t)  a n d  collagen (со) fib res. E lectro n  m ic ro g rap h  X 21,800
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F ig . 12. V ascular body of g an d er. A utonom ic p lexus w ith  synpases. Sch, Schw ann cell.
E lec tro n  m icrograph  X 21,800
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Fig. 13. V ascu lar bo d y  o f gander. P recap illa ry  a rte rio le , (e) en d o the lia l cells, (m ) sm o o th  
m uscle cells. E lec tro n  m ic ro g rap h  X 9260

ab ly  as a re su lt o f com pression o f th e  th in -w alled  veins. Owing to  engorge­
m en t of th e  in te rs titia l tissue, th e  p lasm a f il tra te  or lym ph  is fu r th e r  filte red  
in to  th e  ly m p h  spaces an d  lym ph  sinuses, from  w here th e  f i ltra tio n  p ressu re  
and  th e  su rro u n d in g  m uscles press it  th ro u g h  th e  ly m p h  channels u n til  i t  fills 
th e  cavernous spaces of the  penis. The channels connecting  th e  ly m p h  sinuses 
w ith  th e  penis localize inside th e  tro u g h lik e  cartilage  lam ella described  in  th is  
p a p e r  an d  as th e  penis arise a t  th e  cau d a l end of th e  cartilage , th e  ly m p h  
reaches th em  w ith o u t a no tab le  decrease in  pressure.

T he re lax a tio n  follow ing upon  th e  e jacu la tio n  of sem en being  a p assiv e  
process, tak es  p lace slower th a n  erec tion , w hich is an ac tive  process. W hen  th e  
sexual stim u lu s ceases, e ith er th e  p a ra sy m p a th e tic  im pulse d isap p ears  or th e
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sy m p a th e tic  in flu en ce  becom es p re d o m in a n t so th a t  th e  m uscles of th e  a rte rie s  
a n d  p recap illa ry  a rte rio le s  g radua lly  c o n tra c t, an d  th e  am o u n t and  p ressu re  of 
b lo o d  pushed in to  th e  capillaries red u ce  u n til  th e  e x tra v a sa tio n  of ly m p h  
across th e  cap illa ry  w all ceases. As th e  cloacal sp h in c te r m uscle w hich su r­
ro u n d s  th e  ly m p h  s in u s also becom es re lax ed  or a t  le a s t its  to n e  decreases, th e  
s in u s  d istends an d  th e  ly m p h  flows b a c k  fro m  th e  penis an d  is d ra ined  off th ro u g h

F ig . 14. V ascular b o d y  o f g an d er. D etail o f F ig . 15. C ran ia l end of vascu la r bod y  from
th e  c ran ia l end. H. an d  E . A , a r te ry ;  V, vein : g an d er. C orrosion p re p ara tio n . (The arrow s

L, ly m p h  v esse l p o in t to  ly m p h  vessels)

th e  ly m p h  vessels. T h e  la t te r  co n ta in  d ense ly  a rran g ed  valves w hich arise 
from  th e  m edial an d  c ra n ia l p a rts  of th e  ly m p h  sinus an d  have  w ell-developed 
m uscles a t th e ir  o rig in  to  a c t as a sp h in c te r  d u rin g  th e  period  of erection .

A ccording to  K o m á r e k , a fte r e rec tio n  a p a ired  m uscle ( m . retractor 
p e n is )  a tta ch in g  a t  th e  ap ex  of the  penis re tra c ts  th e  m ale organ  to  its  q u iescen t 
p o sitio n . A ccording to  p re se n t stud ies, th e  a t ta c h m e n t of th e  said m uscle is a t  
th e  v e n tra l  surface o f  th e  cartilage lam ella  an d  th u s  hav ing  no d irec t asso­
c ia tio n  w ith  th e  p en is , i t  canno t possib ly  a c t as th e  la t te r ’s re tra c to r . I t  
a c tu a lly  p lays th is  ro le  in  th e  ru d im e n ta ry  co p u la to ry  organ  o f cocks, because 
in  m ale  gallinaceous b ird s  th e  v en tra l p a r t  o f th e  cloaca becom es ev e rted  along 
w ith  th e  phallus a t  e rec tio n  and  a fte r  e ja c u la tio n  th e  m uscle re tra c ts  th e  
s tru c tu re s  of th is reg io n  to  th e  qu iescent positio n . In  aq u a tic  b irds th e  fu n c tio n
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of th e  m uscle is s im ilar b u t, ow ing to  th e  d iffe ren t s tru c tu re  o f th e  c o p u la to ry  
o rg an  i t  ac ts  only  on th e  base o f th e  pen is, viz ., on th e  v e n tra l p a r t  o f th e  cloaca. 
T he pen is itse lf  is re tra c te d  by  sp ira l co nnec tive  tissue fib res, above all elastic  
f ib re s , w hich are t a u t  during  e rec tio n  an d  b y  th e  fib res o f  th e  Suspensorium  
pen is a fte r  decrease or cessation  o f  th e  erectile  forces. S im u ltan eo u sly  th e  
ly m p h  g rad u a lly  re tu rn s  from  th e  pen is to  th e  ly m p h  sinus, fro m  w here, as 
m en tio n ed  in  th e  foregoing, th e  excess ly m p h  is d ra ined  th ro u g h  th e  ly m p h  
vessels.

Sum m ary

T h e  stru c tu re s  co llab o ra tin g  in  th e  e rec tio n  a p p a ra tu s  of m ale b ird s  a re  th e  v ascu la r  
bod ies , th e  system  of ly m p h  sinuses, th e  c loacal m uscles and  th e  c av e rn o u s  tissu e  of th e  
pen is . T h e  p a ired  v ascu la r  body  localizes a t  th e  v e n tra l  surface of th e  c loaca  an d  th e  w ide 
ly m p h  sinus su rro u n d in g  i t  com m unicates w ith  th e  pen is th ro u g h  co n n ec tin g  ly m p h  channels. 
T h e  v a sc u la r  bod y  is su p p lied  b y  th e  in te rn a l p u d e n d a l a rte ry , w hich d iv ides to  form  a dense 
m esh  of capillaries inside  it. T he cap illa ries a n d  ly m p h  sinuses a re  lin e d  b y  u n in te r ru p te d  
en d o th e liu m . On a  sex u a l stim u lus, th e  m uscles o f th e  a rteries a n d  p re ca p illa ry  arte rio les 
re la x , th e  lum ina  d is ten d  and  th e  b lood p u sh ed  a b ru p tly  in to  th e  cap illa rie s  causes th e m  
to  d is te n d  and  to  e x tra v a s a te  ly m p h  as a re su lt  o f th e  increased  h y d ro s ta tic  pressure . T he 
ly m p h  e x tra v asa te d  in to  th e  ly m p h  sinus is p ressed  fu r th e r  in to  th e  p en is  b y  f i ltra tio n  p re s ­
sure  a n d  b y  th e  cloacal sp h in c te r m uscle, w h ich  su rro u n d  th e  ly m p h  sinus. T h e  reverse  p ro c ­
ess is ta k in g  p lace d u rin g  re lax a tio n . T he p en is is re tra c te d  to  its  q u iescen t p osition  b y  
e la stic  fib res w hich are  t a u t  during  erec tio n , th e  so-called  m. retractor p en is  be ing  responsib le  
on ly  fo r th e  re tra c tio n  o f th e  v e n tra l  c loacal p o rtio n  an d  th e  penis base . T h e  ly m p h  re tu rn s  
fro m  th e  penis to  th e  ly m p h  sinuses, from  w here  i t  is d ra in ed  off by  th e  ly m p h  vessels.
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DEVELOPMENT OF THE INTESTINAL FLORA 
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(R eceived S ep tem ber 26, 1973)

T he changes in d u ced  b y  c e rta in  fac to rs  in th e  in te s tin a l flo ra  of h e a lth y  pigs hav e  
ex ten siv e ly  been  s tu d ied  ( S m i t h , 1959; P e s t i , 1964; H i l e  a n d  K e n w o r t h y , 1970; M o r i s h i t a  
an d  O g a t a , 1970) a n d  im p o r ta n t  ob se rv a tio n s have  been  m ade  above all on b a c te ria l d i­
g e s tiv e -trac t diseases ( K e n w o r t h y  an d  C r a b b , 1963; S m i t h  a n d  J o n e s , 1963; S o j k a , 1965; 
N i e l s e n  e t al., 1968; B a r n u m , 1971; B e r g e l a n d , 1972).

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (3), pp. 375—381 (1974)

H ow ever, in fo rm a tio n  has been scan ty  on th e  d ev e lopm en t of th e  in ­
te s tin a l b ac te ria l f lo ra , a lthough  th e  know ledge of th e  b ac te ria l processes 
ta k in g  place in  th e  g u t o f norm al pigs is an  essen tia l p re req u is ite  of th e  u n d e r­
s tan d in g  of n eo n a ta l d igestive organ  diseases. To o b ta in  m ore in fo rm atio n  on 
th e  problem , th e  d eve lopm en t of th e  gu t flo ra  w as ex am in ed  in  h e a lth y  pigs, 
w ith  special reg a rd  to  re la ted  s tud ies b y  o thers (W i l b u r , 1959; P e s t i , 1962).

M aterials and M ethods

The litte rs  of tw o L arge W h ite  sows w ere used  in  th e  experim en ts. Two 
p ig lets were k illed  b y  b leeding a t  each tim e  b e tw een  2 hours and  12 days 
a fte r  b ir th , as in d ic a te d  in  T ab le  I . A ccordingly , th e  d igestive tra c ts  of tw o 
an im als from  one an d  th e  sam e l i t te r  w ere exam ined  a t  one tim e . T he techn iques 
of abdom inal incision , sam pling  and  processing w ere th e  sam e as described 
p rev iously  (K ovács  e t al., 1972), excep t th a t  sam ples w ere only  tak en  from  
stom ach , je ju n u m , ileum  and  colon, for accord ing  to  lite ra ry  d a ta  an d  our 
own experience, in  h e a lth y  an im als th e  com position  an d  p ro p o rtio n s of th e  
b ac te ria l p o p u la tio n  are  sim ilar in  th e  d ifferen t segm ents of th e  large in testin e .

Som e sam ples o b ta in ed  from  v e ry  young  an im als w ere less th a n  1 g in  
w eigh t; in  such cases a co rrec tion  fac to r was used fo r eva lu a tio n .

Coliforms w ere iso la ted  on th e  selective M cConkey agar (Difco В 75); 
w hereas lac tobacilli u n d e r anaerob ic  cond itions, using  an  a tm osphere  con­
ta in in g  20%  C 0 2 an d  80%  N 2; th e  v eg e ta tiv e  an d  spore-bearing  form s of 
c lo strid ia  w ere iso la ted  as described  in  a p rev ious p u b lica tio n  ((Sin k o v ic s , 
1972).
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Table I

Bacterial flora in the alim entary tract

Stom ach D uodenum

L s C C l Sp pH L S C Cl Sp

m 2 3.0 5.6 1.0 2 .0 — 5.7 3.0 5.2 1 .6 ___ ___

P
© 6 4.8 7.5 5.9 6 .6 2 .0 5.0 4.3 6 .2 6 .0 5.2 2.7rP

.5 18 8.1 4.9 4.6 3.6 3.5 3.8 7.3 5.1 5.7 3.7 1.3

tc 1.5 7.7 6.7 2 .0 7.0 1.3 3.9 6 .6 4.5 3.8 6.4 0
l i b 2 7.6 5.5 2.4 2 .6 1.0 3.9 6.8 5.0 4.4 4.1 1.3

4 8.2 5.7 4.7 3.4 0.5 3.9 6.5 4.8 4.6 3.1 1.2

<V 5 8.4 5.9 — 4.4 1.0 3.6 6.9 5.5 3.5 3.9 1.0
< a

гз 8 8.5 6 .0 4.7 5.2 3.2 4.5 6.9 4.9 5.0 4.8 1.5
fi

9 9.0 4.9 1 .2 5.4 3.5 3.8 7.9 4.4 1.0 1.5 1.0
11 8.7 5.2 3.0 4.7 2.7 4.0 7.9 6.3 4.2 4.6 0 .8

12 8.5 5.0 2 .2 5.7 2 .8 3.4 6.5 3.2 — 4.5 1.9

N o a tte m p t w as m ad e  in  th e  p re se n t s tu d y  a t  iso la tio n  o f non-spore­
fo rm in g  anaerobic o rg an ism s, because  K e n w o r t h y  an d  Cr a b b  (1973) and  
F u l l e r  and  L e v  (1964) show ed th e m  to  occur in  v e ry  low  co u n ts , i f  a t  all, in  
th e  g u t o f h ea lth y  su ck lin g  pigs.

Results

T he resu lts o f  b ac te rio lo g ica l ex am in a tio n s on sto m ach  a n d  in te s tin a l 
seg m en ts  of piglets k illed  a t  d iffe ren t p o in ts  o f tim e  a fte r  b ir th  are show n in 
T a b le  I .  E ach  n u m erica l v a lu e  re p re se n ts  th e  m ean  of th e  lo g a rith m s o f germ  
c o u n ts  determ ined  in  tw o  pigs k illed  a t  one tim e.

A tte m p t was also m ad e  to  iso la te  b a c te ria  from  th e  g u t o f p ig le ts  killed 
im m e d ia te ly  a fte r b ir th . Sam ples ta k e n  w ith  sterile  sw abs tra n sfe rre d  to  
m e d ia  conta in ing  no b a c te r io s ta tic s , viz ., RCM p la te  an d  b ro th . T he m edia 
w ere  in cu b a ted  u n d e r aerob ic  an d  anaerob ic  cond itions, b u t  no b ac te ria l 
g ro w th  took  place in  e ith e r  m ed ium . T h is accords w ell w ith  th e  fin d in g  of 
W i l b u r  (1959) an d  K e n w o r t h y  an d  Cr a b b  (1963) th a t  th e  g u t o f p ig le ts is 
s te r ile  a t  b irth .

A graphical p re se n ta tio n  o f th e  d ev e lopm en t of th e  in te s tin a l flo ra  in 
y o u n g  pigs is show n in  F ig . 1. T he g rap h s rep resen t th e  co u n ts  o f th e  m ain  b a c ­
te r ia l  f lo ra  com ponents a t  f iv e  d iffe ren t p o in ts  o f tim e  (2, 6 an d  18 h ours and  
1, 5 a n d  12 days o f age) w h ich  we re g a rd ed  as ch a rac te ris tic , a n d  m ore con­
c lu siv e  th a n  the  com b in ed  illu s tra tio n  o f th e  d a ta  o f T ab le  I .
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o f suckling piglets until 12 days age. (In logarithm s o f  germ  counts.)

Jejunum Ileum Colon

L s c Cl Sp L S c Cl Sp L s C Cl Sp

2 .0 5.9 2.0 — — 5.3 6 .2 4.7 2.3 — 5.9 6.7 5.0 2 .2 —
4.3 5.1 5.2 4.6 1.3 3.7 5.3 5.1 3.2 0.7 4.3 8.1 8.5 7.1 6 .1

5.3 5.8 5.0 3.2 1.0 7.0 6 .0 6 .6 6 .2 2.5 8 .2 8 .2 8.4 8.4 5.3

6.7 5.2 4.0 6.5 0 8.1 7.6 6 .8 7.0 3.2 8 .8 8 .6 8.4 9.7 6.3

5.4 4.2 3.6 1.9 0 7.7 7.5 6 .8 5.8 1.8 8.4 8.7 8.5 8.1 7.4

6 .6 5.0 4.8 3.1 1.0 8.1 7.1 8 .0 7.6 1.7 8 .6 7.6 8 .1 8.5 5.0

7.9 5.9 2.6 3.2 0.5 9.2 8.5 8 .1 5.6 2 .0 9.5 9.0 8.5 8.9 4.7

8 .0 7.0 7.0 6 .8 2.3 7.0 6.5 7.7 6.7 1.3 8 .6 8.1 9.0 7.7 5.0

7.5 4.1 — 1.2 0.9 9.1 7.3 8 .0 7.5 5.4 9.4 8.5 8 .2 9.1 6.3

8 .0 7.3 7.3 5.6 0.5 7.5 7.1 7.0 7.3 3.5 9.5 8 .8 8 .8 8 .8 5.8

7.8 4.2 1.4 4.2 0 .8 8.9 8.8 8.5 8.8 4.8 8.9 7.5 7.8 9.2 6 .6

Fig. 2 shows th e  g ro w th  of strep to co cc i in  v a rio u s iso la tio n  m edia. Tw o 
h ours a fte r  b irth , u b iq u ito u s  strep to co cc i grow ing o u t on com m on blood  agar, 
w ere found  to  p re d o m in a te  th ro u g h o u t th e  d igestive t r a c t  over D -strep tococci 
w hich  grew  exclusively  on th e  se lec tive  E d w ard s ag a r ( P e s t i , 1962). H ow ­
ever, six hours a f te r  b ir th  the  strep to co cc i grow ing o u t on th e  tw o k inds 
o f m ed ium  co rresponded  to  one a n o th e r  in  re sp ec t o f co u n t an d  colony m o r­
phology  (enterococci).

Changes in , a n d  re la tiv e  p ro p o rtio n s  of, th e  v e g e ta tiv e  an d  spore-bearing  
form s o f clostrid ia w ere  also exam in ed . The g rap h ica l p re se n ta tio n  of th e  
re spec tive  m ean c o u n ts , of lo g arith m s dete rm in ed  u n til  th e  3 6 th  ho u r o f age 
an d  subsequen tly  u n t i l  th e  12th d ay , is show n in  F ig . 3.

H aem oly tic  E . coli b ac te ria  cou ld  never be iso la ted  from  th e  g u t flo ra  of 
h e a lth y  piglets, a lth o u g h  th e  colonies grow ing o u t on b lood  ag a r p la te s  w ere 
v e ry  carefully  sc ru tin ized .

Discussion

O bservations b y  o th ers  and  b y  ourselves u n eq u iv o ca lly  in d ica te  th a t  th e  
m ain  charac teristics o f  g u t flo ra  in  suck ling  pigs are  th e  absence o f h aem oly tic  
E . coli b ac te ria  and  th e  q u a n tita tiv e  re la tio n s  of th e  m ain  b a c te r ia l com ponen ts. 
In  h e a lth y  suckling p igs, th e  m ain  co m p o n en ts  are  lac to b ac illi in  all in te s tin a l 
segm ents d istally  fro m  th e  stom ach , follow ed in  sequence b y  s trep tococci an d  
coliform s as th e  th i r d  ch a rac te ris tic  co m ponen t, occu rring  in  a m uch  low er 
n u m b er th a n  th e  o th e r  tw o. A lth o u g h  th e  coun ts o f th e  th re e  m ain  com -
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Log LOg g Log g

LOg g LOg g Log3

F ig . 1. D evelopm ent o f g a s tro -in te s tin a l flo ra  in  suckling  p ig le ts. - - - - -  lac tobac illi;
.............. D strep tococci; ------------  coliform es. S, s to m ach , D , d u o d en u m ; J ,  je ju n u m ; I ,  ileum ;
Co, colon; A, 2 -hour-old  p ig le ts; B, 6 -hour-o ld  p ig le ts; C, 18-hour-old p ig le ts; E , 1.5-day- 

old piglets; F , su m m arized  d a ta  o f  2— 11 days old p ig le ts; G, 12-day-old  piglets

p o n e n ts  varied  c h a ra c te ris tic a lly  w ith  each segm ent, th e  lac to b ac illu s— 
strep to co ccu s— coliform  ra tio  w as p ra c tic a lly  c o n s tan t th ro u g h o u t th e  d igestive 
t r a c t  and , as show n in  T ab le  I an d  F ig . 1, i t  becam e e s tab lish ed  w ith in  abou t 
1.5 days a fte r b ir th  an d  did n o t n o ta b ly  change u n til 12 days of age, viz., 
u n t i l  th e  conclusion o f th e  ex p erim en t. A ccordingly , as 1 .5-day-o ld  piglets 
a lre a d y  possess a p ra c tic a lly  “ f in ish e d ”  g u t flo ra , a follow -up of developm ent 
o f  th is  flora requ ires th e  s tu d y  o f still younger an im als.
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Fig. 2. Q u a n tita tiv e  changes o f s trep tococci in  th e  a lim en ta ry  t r a c t  o f p ig le t s . ............ u b i­
qu ito u s strep tococci; —  D strep tococci; A, 2-hour-old p ig le ts ; B , 6-hour-old  p ig le ts

LOgg  LOgg

Fig. 3. V eg eta tiv e  cells a n d  spores o f c lo s trid ia  in th e  pig i n te s t i n e . ............... v eg e ta tiv e  cells;
_ ------spores; A, sum m arized  d a ta  u n til  1.5 days o f age; B , su m m arized  d a ta  be tw een  1.5

an d  12 days of age

As can be seen in  Fig. 1, in  2-hour-o ld  p ig lets, w h ich  h a d  a lread y  sucked  
co lostrum , th e  d o m in an t g u t flo ra  com ponen t is rep re sen ted  b y  D strep tococci. 
L actobacilli and  coliform s occur in  a lm ost equal am o u n ts  in  those  segm ents 
w hich are d is ta lly  from  th e  je ju n u m . A t 6 and 18 hours a fte r  b ir th , th e  gu t flo ra  
is s till n o t fu lly  b a lan ced , b u t  a q u a n tita tiv e  p red o m in an ce  o f lac tobacilli can  
a lread y  he recognized in  ce rta in  segm ents a t 18 h o urs. T ab le  I  c learly  shows 
th a t  no such m ajo r f lu c tu a tio n s  o f g u t flo ra  are ta k in g  p lace  betw een  days 1, 5 
and  12, excep t a d e fin ite  red u c tio n  in  coliform s in  th e  d u o d en u m  a t  12 days.

F ig . 2 show s th e  g row th  of s trep tococci in  v a rio u s  m ed ia . Two hours
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a f te r  b ir th , ub iqu ito u s s trep to co cc i grow ing on blood ag ar w ere found  to  p re ­
d o m in a te  over D -strep to co cc i grow ing o u t exclusively  on th e  se lective E dw ards 
m ed iu m , th ro u g h o u t th e  e n tire  d igestive  t r a c t .  H ow ever, six  h o u rs  a fte r  b ir th  
th e  strep tococci grow ing o u t  on th e  tw o k inds of m ed ium  co rresponded  to  one 
a n o th e r  b o th  in re sp ec t o f  co u n ts  an d  colony m orphology.

T hus th e  gu t flo ra  o f  p ig le ts  k illed  2, 6 or 18 hours a fte r  b ir th  was ch a rac ­
te r iz e d  b y  a certa in  d isb a lan ce , w hich la s ted  u n til  ab o u t 1.5 day s o f age. The 
co m p o n en ts  of th e  g u t f lo ra  c learly  o rig in a ted  from  th e  en v iro n m en t of th e  
an im als , to  judge from  b ac te rio lo g ica l s tud ies of th e  te a ts  o f th e  sow, and  
l i t t e r  and  objects in  th e  p e n  (N a g y , 1970). H ow ever, in  th e  su b seq u en t period 
u p  to  th e  36th  h o u r a f te r  b ir th  th e  q u a n tita tiv e  re la tio n s  o f th e  gu t flo ra  
c h an g ed  m arkedly , in d e p e n d e n t o f th e  en v iro n m en ta l flo ra . A fte r  1.5 days of 
life , th e  in tes tin a l f lo ra  ap p e a re d  to  be con tro lled  b y  in n e r princip les. The 
q u a li ty  and  q u a n tity  o f germ s ta k e n  up b y  th e  an im al ora lly  from  its  im m ed ia te  
su rro u n d in g s are n o t lik e ly  to  change n o ta b ly  in  a given e n v iro n m en t, y e t th e  
g u t  flo ra  develops to w ard s  th e  p red o m in an ce  of lac tobacilli, w hich  is ch a ra c te r­
is t ic  o f th e  h ea lth y  su ck lin g  pig.

This m eans th a t  th e  com position  of th e  h e a lth y  g u t f lo ra  depends on an  
in n e r  regulating  m ech an ism  w hich  ta k e s  effect sh o rtly  a f te r  b ir th  so th a t  i t  is 
c ap ab le  of estab lish ing  a s ta te  o f ba lan ce  w ith in  ab o u t 1.5 d ay s  o f life.

I t  follows th a t  u n to w a rd  e n v iro n m en ta l in fluences on th e  gu t flo ra  are 
n o t  so m uch the  re su lt o f som e “ c o n ta m in a tio n ” , as of th e  dele terious effect o f 
m an ag em en t failu res on th e  o p e ra tio n  o f th e  in n er reg u la tin g  m echanism . This 
acco rds well w ith  th e  p rev io u s fin d in g  (S i n k o v ic s , 1973) th a t  en v iro n m en ta l 
s tesso rs affecting th e  o rg an ism  o f th e  an im al as a w hole elic ited  patho log ical 
a lte ra tio n s  of gu t flo ra  u n d e r  b o th  la b o ra to ry  and  fie ld  cond itions. On th e  
o th e r  hand , as i t  is k n o w n  from  li te ra ry  d a ta  and  our ow n experience, ce rta in  
haem o ly tic  E . coli s tra in s  know n as pa thogen ic  for sw ine, d id  n o t d u rab ly  
estab lish  them selves in  th e  gu t on oral ad m in is tra tio n  an d  no sy m p to m s were 
associa ted  w ith  th e ir  te m p o ra ry  presence th ere in .

C ertain p rac tica l o b se rv a tio n s  also w eigh in  fav o u r o f th e  above in te r ­
p re ta tio n . I t  is know n t h a t  th e  re c u rre n t digestive tro u b les  o f n eo n a ta l pigs 
a n d  w eanlings could  n e v e r  be p re v e n te d  by  ex ag g era ted  d isin fection  if  th e  
m an ag em en t techno logy  an d  th e  housing  of th e  an im als w ere in ad eq u a te .

The q u a n tita tiv e  re la tio n sh ip s  o f v eg e ta tiv e  an d  spo re-bearing  form s o f  
c lo strid ia  were p ra c tic a lly  th e  sam e a few hours a fte r  b ir th  an d  days la te r. I t  
w as found earlier (S i n k o v i c s , 1972) th a t  2 0 —35 days old h e a lth y  pigs h ad  
spores in the  gu t a t  low  c o u n ts , b u t  no v eg e ta tiv e  form s o f c lo strid ia , suggesting  
tb e  presence of a fa c to r  in h ib itin g  clostrid ia l g row th  in  th e  sm all in testine . In  
th e  p resen t stud ies on y o u n g e r an im als th is  phenom enon  w as less conspicuous. 
M arked ly  num erous v e g e ta tiv e  c lo strid ia  and  spores reach ed , across th e  
g as tric  acid b a rrie r, w h ere  th e y  ten d ed  to  decrease in n u m b er.
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I t  m ay  be concluded  th a t  th e  ch a rac te ris tic  g u t flo ra  of th e  suckling  pig 
becom es estab lished  b y  1.5— 2 d a y s  a f te r  b irth . T he d e ta ils  o f th e  develop­
m en ta l process shou ld  he e lu c id a ted  b y  an  in tensive  follow -up of g u t flo ra  
changes in  still y o u n g e r pigs.

Sum m ary

The develo p m en t o f  g u t b a c te ria l f lo ra  w as exam ined  on h e a lth y  pigs k illed  a t  p re ­
de te rm in ed  in te rv a ls  fro m  b ir th  to  12 d a y s  o f  age. T he c h arac te ris tic  g u t flo ra  o f th e  h e a lth y  
suckling  pig h ad  becom e estab lished  w ith in  1.5— 2 days a fte r  b i r th  an d  did n o t n o tab ly  
change th e re a fte r , u n til  th e  end of th e  o b se rv a tio n  period  a t  12 d ay s o f  age. In itia lly , th e  
d o m in an t com ponen t w as form ed by  u b iq u ito u s  strep tococci, w hose co u n t considerab ly  
surpassed  th a t  of I) strep to co cc i, b u t  la te r  i t  fell to  a low level. T he v eg e ta tiv e  an d  spore­
bearing  form s o f  c lo s trid ia  w ere p re sen t in  a ll segm ents o f th e  d ig es tiv e  t r a c t  from  sh o rtly  
a f te r  b ir th  to  th e  end o f th e  ob se rv a tio n  p e rio d , b u t  b o th  fo rm s te n d  to  decrease in  n u m b er 
in  th e  sm all in testin e .

I t  ap p ears t h a t  in te s tin a l flo ra  d e v e lo p m en t in  th e  n e o n a ta l p ig  is to  a  ce rta in  degree 
in d ep en d en t o f  th e  q u a lity  an d  q u a n ti ty  o f  e n v iro n m en ta l flo ra , being  co n tro lled  b y  an  
in n er reg u la tin g  m ech an ism , w hich a c ts  to w a rd s  th e  estab lish m en t o f a b a lan ced  in tr a ­
lu m in a l biocoenosis.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN 
AN ENTWICKLUNGSSTADIEN 

YON E I ME R I A  M A X I M A
IV. D IE  F E IN S T R U K T U R  D E R  SC H IZ O N T E N  U N D  M E R O Z O IT E N *

V on

H . M e h l h o r n **

Zoologisches I n s t i tu t  de r U n iv e rs itä t B o n n ,
A b te ilu n g  fü r  P ro tozoolog ie  (L eitu n g : Prof. E . S c h o l t y s e c k )

(E ingegangen  am  25. O ktober 1973)

K eine P h ase  des E n tw ick lu n g szy k lu s  von  C occidien w e is t so viele M odi­
f ik a tio n en  bei den  einzelnen  A rten  a u f  wie die Schizogonie. So schien es lange 
Z eit nahezu  unm öglich , eine T yp is ie ru n g  dieses u n g esch lech tlich en  V er­
m ehrungsprozesses v o rzu n eh m en .

Zu u n tersch ied lich  erw iesen  sich die V orgänge z. B. bei E im er ia  bovis ( S h e f f i e l d  u n d  
H a m m o n d , 1967), E . in testina lis  ( S n i g i r e v s k a y a , 1969), E . callosperm ophili ( R o b e r t s  u . M it- 
a rb .,  1970), E. stiedae ( C e r n á  u n d  S e n a u d , 1971) u n d  den cy sten b ild en d en  O rganism en Toxop­
lasm a gondii, Besnoitia  je lliso n i, F renkelia  spec, u n d  Sarcocystis tenella, bei denen  lange Zeit als 
einzige V erm ehrungsfo rm  die als E ndo d y o g en ie  bezeichnete  in n ere  Z w eiteilung  b e k a n n t w ar 
( V a n  der Z y p e n  u n d  P i e k a r s k i , 1967; S h e f f i e l d , 1968; S e n a u d , 1967; К е р к а  u n d  S c h o l -  
t y s e c k , 1970; M e h l h o r n  u n d  S c h o l t y s e c k , 1973). M it dem  N achw eis de r C occid iennatur 
v o n  T. gondii u n d  S .  tenella  ( W o r k  u n d  H u t c h i s o n , 1969; O v e r d u l v e , 1970; S h e f f i e l d  
u n d  M e l t o n , 1970; F r e n k e l  u . M itarb ., 1970; R o m m e l  u. M itarb ., 1972) w urd en  noch  w eitere  
Schizogonievorgänge im  K a tz e n d a rm  besch rieb en  u n d  z. T. als E n d o p o ly g en ie  bezeichnet. So 
ex is tie ren  schließlich so d esk rip tiv e  T erm in i wie in nere , äußere  Sch izogonie , C ytom erenb ildung , 
E ndodyogenie  u n d  E n d opo lygen ie . Sie alle sin d  A usdruck  de r u n g e h eu re n  P la s tiz itä t  der 
P a ra s ite n  bei der A n p assu n g  a n  die spezifischen B edingungen  des jew eiligen  W irtsgew ebes. 
E r s t  durch  jü n g ste  U n te rsu ch u n g e n  v o n  S c h o l t y s e c k  (1972, 1973) an  E . tenella u n d  E . 
stiedae ergaben sich d eu tlich e  H inw eise, daß  die E ndodyogen ie  als g ru n d leg en d er P rozeß  
a lle r Schizogonievorgänge an zu sp rech en  ist. B ei dieser B e trach tu n g sw eise  sp ie lt es d a n n  
k e in e  Rolle m ehr, ob  die E nd o d y o g en ie  d u rch  v iele oder wenige v o rg e sch a lte te  K ern te ilu n g en  
e rw e ite rt w ird, ob die M ero zo itenan lagen  an  d e r O berfläche o der a n  E in fa ltu n g e n  e n ts teh en , 
o d er ob gar d u rch  C y to m eren b ild u n g  eine w eite re  E n tw ick lu n g sp h ase  e ingesch alte t ist.

Vor diesem  H in te rg ru n d  soll n u n  die M erozo itend ifferenzierung  des 
w enig p a thogenen  H ühnercocc ids E im eria  m axim a  n ä h e r  an a ly s ie rt w erden . 
D iese U n tersu ch u n g  sch ließ t sich an  vorausgegangene zu r G am ogonie an  
(M e h l h o r n , 1972a, b , c) u n d  b een d e t die A nalyse des E n tw ick lu n g szy k lu s  im  
H au sh u h n .

* M it U n te rs tü tz u n g  d e r D eu tsch en  F o rschungsgem einschaft.
** H errn  P rof. E . S c h o l t y s e c k  d an k e  ich  f ü r  die Ü b erlassu n g  des T hem as u n d  seine 

s te te  B eratung.
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Material und Methode

In sgesam t 16 H ü n c h e n  (W eißes L eghorn) w urden  im  A lte r von ca 3 
W o ch en  m it 1— 2 M illionen sp o ru lie rten  O ocysten  eines re in en  E im eria  m axim a  
S tam m es oral in fiz ie rt. A m  1.—4. T ag  p . i. w u rd en  die T iere  d a n n  g e tö te t u n d  
T eile  des E p ithelze llenbere ichs aus dem  D uodenum  e n tfe rn t. D ie W eite rb e­
h a n d lu n g  dieser G ew ebe fü r  die e lek tronenm ik roskop ische  U n te rsu ch u n g  e r­
fo lg te  n ach  den gleichen M ethoden , die schon in  v o rau sg eg an g en en  P u b lik a ­
tio n e n  beschrieben w o rd en  sind  (M e h l h o r n , 1972a, b , c). Ic h  m öch te  es an  
d ieser Stelle n ich t v e rsäu m en , H e rrn  D r. A. H ah e rk o rn  v o n  den  F a rb e n ­
fa b rik e n  B A Y E R  A G  fü r  die D u rch fü h ru n g  der In fe k tio n e n  m einen D an k  
auszusprechen .

Ergebnisse

Z u r  F e in struk tur der Schizonten

Bei den h ier a n a ly s ie rte n  S ch izon ten  h a n d e lt es sich n a c h  d er D efin ition  
v o n  M il l a r d  e t al. (1972) u m  die »kleinen« S tad ien , die n u r  e tw a  8 —16 Mero- 
zo iten  p roduzieren , w ä h re n d  die v o n  ih n en  beschriebene e rs te  Schizonten- 
g en e ra tio n  ja  im m erh in  25 —50 M erozoiten  ausd ifferenzieren  soll. A llerdings 
k o n n te n  bei den vo rlieg en d en  U n te rsu ch u n g en  n u r  zwei Schizogonien b e ­
o b a c h te t w erden. D ie e rs te  am  zw eiten  In fe k tio n s ta g , die zw eite  ca 72 S tu n d en  
p o s t infectionem . In w iew eit sich jed o ch  v o r diese beiden  »kleinen« Schizonten- 
g en era tio n en  noch  eine w eitere  e in g esch a lte t h a t,  k o n n te  m it d er e lek tro n en ­
m ikroskop ischen  U n te rsu c h u n g s te c h n ik  b ish er noch  n ic h t fe s tg e s te llt w erden .

N achdem  die M erozoiten  des zw eiten  In fek tio n stag es  in  eine W irtszelle  
e inged rungen  sind, s treck en  sie sich  s ta rk  in  die L änge. D ab e i w erden die 
b e id e n  inneren, m ite in a n d e r  v e rh a f te te n  P e llik u lam em b ran en  zerrissen u n d  
sch ließ lich  zu rü ck g eb ild e t, so d aß  der S ch izon t, der die n ä c h s te  M erozoiten- 
g en era tio n  p ro d u z ie rt, n u r  von einer E le m e n ta rm e m b ra n  um schlossen is t 
(A bb . 1, 2a, 2c, 4). D ie b e o b a c h te ten  M ikroporen b e h a lte n  ih ren  typ isch en

b, L än g ssch n itt d u rch  e inen  Sch izon ten  (SC H ) m it 5 gleich w eit d iffe ren z ie rten  M erozoiten- 
an lag en  (EM). Zwei M erozo iten  w erden d u rc h  E in fa ltu n g e n  von  de r O berfläche  he r geb ildet

(IN ). X 15 000

V erzeichnis der A b k ü rzu n g en : AM, R ese rv esto ffg ran a  (A m ylopectin ); C, C onoid; D K , D u n k ­
le r  K ö rp e r u n te rh a lb  des Conoids v o n  M erozoitenan lagen  (PO  ?); E M , M erozoiten in  de r 
E n tw ick lu n g sp h ase ; E R , E n d o p la sm a tisch es  R e tik u lu m ; F W , F in g e rfö rm ig er F o rtsa tz  de r 
W irtsze lle ; GO, Golgi-A p p a ra t ;  I, E le k tro n en d ich te r  E in sch lu ß  in  M ito ch o n d rien ; IM , In n e re  
M em b ran  der M erozoitenpelliku la; IN , In v a g in a tio n ; L , L ipoid; LM , B eg renzungsm em bran  
des P a ra s ite n ; L P , B eg ren zu n g sm em b ran  d e r p a ra s ito p h o ren  V ak u o le ; M I, M itochondrium ; 
M IH , M itochondrium  d e r W irtszelle; MM, M ittle re  M em bran  der W irtsze lle ; M P, M ikropore; 
N , N uk leus; NM, B eg ren zu n g sm em b ran en  des N uk leus; N U , N u k leo lu s ; O F , A n sch n itt des 
A u sführgangs der PO  =  Ö ffnung  an  de r C onoidspitze; OM, Ä ußere M em b ran  der M erozoiten­
p e llik u la ; P , Po lring ; P G , P ro te in g ra n a ; PO , R h o p trie n  (P aariges O rg anell); P P , H in te re r  
P o lrin g ; PT , Z usp itzung  des N uk leus (S p in delpo l?); PV , P a ra s ito p h o re  V ak u o le; R , Conoidale 
R in g e ; R W , R ingw ulst bei M ero zo itenan lagen  =  sp ä te re r  P P ;  SC, D er S ch n itt erfolgte in  
d ieser E bene; SCH, S c h izo n t; SMT, S u b p elliku läre  M ik ro tu b u li; W Z , W irtszelle; W Z K ,

W irtszellkern
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Abb. la ,  b. E im eria  m axim a. E lek tro n en m ik ro sk o p isch e  A u fnahm en , a, Q u ersch n itt d u rc h  
e inen  lan g g estreck ten  Schizonten  (SCH), w obei zwei in der E n tw ick lu n g  begriffene M ero- 
zo iten  (EM ) ge tro ffen  w urden . Das W irtsgew ebe  zeig t keinerlei S chädigung  (W Z). X 15 000.
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In n e n z y lin d e r bei. A n diesen  S tellen  b le ib en  also die beiden  in n e ren  M em branen  
als R e lik te  b e w a h rt (A bb. la ,  4). G le ichzeitig  tre te n  die M ikroporen  in  g rößerer 
A nzah l als bei M erozoiten  auf, wo sie a u f  die E inzah l b e sc h rä n k t sind. Die 
k le in en  S ch izon ten  v o n  E . m axim a  w erd en  h ö ch sten s 20 /л groß u n d  erreichen  
d a m it im  V ergleich  zu  E . tenella (5 0 —60 /л; S c h o l t y s e c k , 1973) rech t b e ­
scheidene A bm essungen . Sofort zu B eg inn  des W achstum s te i l t  sich  der Zell­
k e rn  d u rch  Z w eite ilung  in  2, 4, 8 u n d  16 T o ch te rk e rn e  (A bb. l a ,  lb ,  2a, 4). 
W äh ren d  dieses V organges b leiben  s te ts  die K ern m em b ran en  e rh a lten . Als 
m ax im ale  A nzah l v o n  T o ch te rk e rn en  w u rd en  16 e rm itte lt, die sich  en tlan g  der 
O berfläche  des lan g g estreck ten  u n d  v e rzw eig ten  Schizonten  verte ilen . E tw a  
g leichzeitig  b e g in n t die M erozo itenb ildung  (A bb. lb ,4 ) ,  da a u f  S ch n itten  d u rch  
S ch izon ten  m eist gleich w eit en tw ick e lte  M erozoiten  angetro ffen  w erden k ö n ­
nen . O ffenbar s e tz t die A usform ung d er M erozoiten  schon v o r d er B eendigung 
d er le tz te n  K ern te ilu n g sp h ase  ein, so d aß  sich d an n  der N ukleus e rs t w äh ren d  
d er M erozo itenb ildung  te i l t  und  sich so m it an  einem  zw eizipfligen K ern  zwei 
k a p p en a rtig e  M erozo itenan lagen  b e fin d en  (A bb. 2c).

Die D iffe renz ierung  der M erozoiten  b e g in n t m it der B ildung  von k a p p e n ­
a rtig en  V o rstü lp u n g en  oberhalb  d er an  d er P eripherie  des Sch izon ten  b e f in d ­
lichen  N uklei ( A bb. 2e, 2f). D abei is t zu b eo b ach ten , daß u n te r  der begrenzen­
den  E le m e n ta rm e m b ra n  die be id en  in n e ren  M em branen der sp ä te ren  Mero- 
zo itenpelliku la  n eu  angeleg t w erden (A bb. 2e, 2f). Sie sparen  am  vo rderen  Pol 
eine k re isrunde Ö ffnung  aus und sind  d o rt zu einem  Polring  v e rd ic k t (A bb. 2e, 
4). D er sp ä te re  h in te re  Polring  ist au ch  schon  v o rh an d en  u n d  s te llt o ffenbar 
das B ild u n g szen tru m  der inneren  M em b ran en  d ar, denn bei S ch n itten  d u rch  
E n tw ick lu n g sp h asen  d er kegelförm igen V o rstü lp u n g en  k an n  s te ts  dieser R in g ­
w u ls t b em erk t w erd en  (A bb. 2e, 4). S chon die jü n g s te n  V orstü lp u n g en  e n th a lte n  
ein Conoid. U n m itte lb a r  d a ru n te r  lieg t in  allen Fällen  ein kugelförm iges 
O rganell, das v o n  e iner E le m e n ta rm e m b ra n  b eg ren z t w ird u n d  das osm iophiles, 
g ran u lä res  M ateria l e n th ä lt  (A bb. 2e, 2f). Ä hnliche K örper w urden  schon von  
S h e f f i e l d  u n d  H a m m o n d  (1967) bei sich en tw ickelnden  M erozoiten  von  E . 
bovis beschrieben  u n d  als V orläufer d er p aa rig en  Organelle d iagn o stiz ie rt. D ie 
B efunde  an  E . m a x im a  weisen in  die gleiche R ich tu n g , denn  in  e tw as ä lte ren

D ie subpe llik u lären  M ik ro tu b u li (SMT) b eg in n en  in  K e rn n äh e  b ü n d e la rtig  (Pfeile) u n d  o rd ­
n en  sich d an n  fä c h e ra r tig  u n te r  der P e llik u la  an . X 34 000. c, S ch n itt d u rch  einen S ch izonten , 
bei dem  noch w äh ren d  de r le tz ten  K ern te ilu n g  ( =  zw eizipfliger K ern ) die M erozoitenb ildung  
e in se tz t (EM ). An e inem  der beiden d u rch  die s ta rk e n  Pfeile gekennzeichneten  »Kernzipfel« 
t r i t t  eine Spitze (P T ) in  E rscheinung , die m öglicherw eise  einen Spindelpol d a rs te llt. X 25  500.
d, D ie su b p e llik u lären  M ik ro tu b u li w erden  in  K e rn n äh e  als B ündel (SM T) angelegt. X 48 600.
e, L än g ssch n itt d u rc h  eine ju n g e  M erozo itenan lage  (EM ). U n te rh a lb  des Conoids (C) b e fin d e t 
sich  ein dunk ler, v o n  e in e r E le m en ta rm e m b ra n  b eg ren z te r  K örper (D K ), de r m öglicherw eise 
d en  V orläufer der R h o p tr ie n  d a rste llt. D as Conoid is t aus einzelnen T u b u li (Pfeil) au fg eb au t. 
X 37 800. / ,  P a ra lle ls c h n itt  zu  Abb. 2e. D er D oppelpfeil d e u te t au f die E le m en ta rm e m b ra n  
des du n k len  K örp ers  (D K ), w äh ren d  de r e in fache  Pfe il au f die T ubu li des schräg  getroffenen

Conoids (C) ve rw eist. X 43 700
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Abb. 2a -  f .  E im eria  m axim a . E lek tro n en m ik ro sk o p isch e  A ufnahm en, a, S ch n itt d u rch  einen 
S ch izonten  (SCH) m it zwei K ernen  (N I, N 2). A ls Z ellbegrenzung is t eine einzige E le m e n ta r­
m em b ran  (LM) ausg eb ild e t. X 18 000. b. O b e rflä c h en sch n itt du rch  eine M erozoitenanlage.
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E n tw ick lu n g ss tad ien  f in d e n  sich A n sc h n itte  v o n  zwei d era rtig en  S tru k tu re n , 
u n d  noch  sp ä te r  z iehen  »Halsteile« zum  ap ik a len  Zellpol der en ts teh en d en  
M erozo iten . U n m itte lb a r  v o r dem  N u k leus des sp ä te ren  M erozoiten f in d e t 
sich  schon zum  frü h e s te n  Z e itp u n k t e in  g u t ausgeb ildeter G o lg iap p a ra t 
(A bb . lb ) . Die M ikroporen  w erden in  E in z a h l ebenfalls zu diesem  Z e itp u n k t 
an g e leg t. Sie d eu ten  d a m it in ih rem  B au  und  in  ih re r A usform ung a u f  eine 
g enetische  D e te rm in a tio n , denn  als N ah ru n g sau fn ah m eo rg an e il e rscheinen  sie 
h e i sich en tw icke lnden  M erozoiten v e rf rü h r t .  D ie subpelliku lären  M ik ro tu b u li 
w erd en  als B ündel in  K ern n äh e  ange leg t u n d  m it dem  W ach stu m  d er V o r­
s tü lp u n g  gleichm äßig  u n te r  der O berfläche  des M erozoiten v e rte ilt. D abe i 
e n ts te h e n  bei T a n g e n tia lsc h n itte n  fächerfö rm ige  A spekte  (A bb. 2b, 2d , 5). 
D ie V orstü lp u n g  w ird  s te tig  größer, u n d  zw ar geschieht das d ad u rch , d aß  
n a c h  u n d  nach  im m er m eh r C y top lasm a des Schizonten  von  der basa l w ach ­
senden  K egelkappe um schlossen  w ird. S ch ließ lich  haben  die M erozoiten schon  
fa s t  ih re  sp ä te re  L änge  e rre ich t, sind  ab e r n och  m it dem  R estsch izo n ten  v e r ­
b u n d e n  (A bb. 3g). D u rch  diese V erb indungszone v erlau fen  in  vielen  F ä llen  
L a k u n e n  des E n d o p la sm a tisch en  R e tik u lu m s (E R ), die d a m it einen engen 
K o n ta k t  der n eu g efo rm ten  M erozoiten m it dem  Schizonten  b is zu r en d g ü ltig en  
A b sch n ü ru n g  gew ährle isten . Tm R e s tk ö rp e r k o n n ten  gelegentlich  M em b ran ­
s tru k tu re n  b e o b a c h te t w erden , deren  F u n k tio n  und  H e rk u n ft u n b e k a n n t 
b lieb . So beg innen  M em branen  im  C y to p lasm a u n d  verlau fen  völlig  gerad lin ig  
ü b e r  ca 10 ц. Im  A b s ta n d  von  e tw a 0,5 /л b e fin d e t sich d an n  s te ts  eine vö llig  
id en tisch e  M e m b ra n s tru k tu r, die d u rch  ih re  parallele A n ordnung  dem  G anzen  
einen  säu len artig en  C h a rak te r  verle ih t.

D ie A usb ildung  d er M erozoiten e rfo lg t zw ar s te ts  an  der P e rip h erie , 
je d o c h  gelegentlich  n ic h t in  F o rm  einer V o rs tü lp u n g , sondern  d u rch  E in fa ltu n g  
d e r  begrenzenden  E le m e n ta rm e m b ra n  des Schizonten . N ur so sind näm lich  die 
e lek tro n en m ik ro sk o p isch en  S c h n itta u fn a h m e n  zu erk lären , a u f  denen sich  die 
M erozoiten  im  »Innern« des S chizonten  an  einem  S p a ltrau m  b efinden  (A bb. 
l b ,  4). D ie F rag e  n a c h  dem  M echanism us dieser beiden  V orgänge u n d  die 
K lä ru n g  der F a k to re n , die solche E n tw ick lu n g srich tu n g en  s teuern , b ed ü rfen  
h ie r  noch  w eite re r U n tersu ch u n g en .

(OM ) ste llt  eine E le m en ta rm e m b ra n  da r, w äh ren d  d ie beiden in n eren  M em branen  als e in ­
h e itlich e , dicke Sch ich t erscheinen  (IM  -f- MM). X 144 000. e, L än g ssch n itt du rch  den  a p ik a ­
len  P o l eines gerade e in gedrungenen  M erozoiten . D ie B egrenzungsm em bran  de r p a ra s ito -  
p h o re n  V akuole ist näm lich  noch n ich t üb era ll ausg eb ild e t (LP). D er K e rn sp a ltrau m  sch e in t 
a n  d e r B ildung  de r v o rg e lag erten  G olgivesikel (GO ) bete ilig t zu sein (PFeil). X 21  600.

f ,  S c h n itt  du rch  den ap ik a len  Pol eines M erozoiten , dessen Conoid (C) vorgeschoben is t u n d  
dabei dem  Polring (P ) vo rn  au fsitz t (s ta rk e  Pfeile). A n der Spitze des Conoids b e fin d e t sich 
e ine  Ö ffnung (O F ), die den  verschm olzenen  H a ls te il de r B ho p trien  (PO ) d a rste llt. X 50 000.
g ,  S c h n itt  du rch  den h in te re n  Pol eines noch  m it dem  Schizonten (SC H ) v e rb u n d en e n  M ero­
z o iten  (EM ). D as en d o p lasm atisch e  B e tik u lu m  v e r lä u f t  durch  die »Brücke« (E R ). X 30 000.
h, S c h n itt du rch  ein ty p isch es tu b u lä res  M ito ch o n d riu m  (M I), das einen opaken  E in sch lu ß  (I)  
e n th ä l t .  X 18 000. i, L än g ssc h n itt du rch  eine M ikropore  im  in ak tiv en  Z u stan d  (M P). X 90 000
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Abb. За — i. E im eria m a x im a . E lek tronenm ikroskop ische  A ufnahm en , a —c, Q u ersch n itt d u rc h  
die u n m itte lb a re  Z ellsp itze  eines M erozoiten. In n e rh a lb  des Conoids (C) fin d en  sich die A n­
sc h n itte  der R h o p trie n  (P O ), daneben noch  drei in  e in e r R eihe an g eo rd n e te  tu bu löse  E le ­
m en te  (?). Die su b p e llik u lä ren  M ikrotubuli (SM T) verschm elzen  am  v o rd e ren  Pol m it dem  
P o lrin g  (P), a, b, с X 45 000. d, S chnitt d u rc h  die M erozoitenpelliku la. Die äußere S ch ich t
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Der Feinbau der M erozoiten

D ie M erozoiten  aller h ier b e o b a c h te te n  G enera tionen  erscheinen gleich­
a r tig  s tru k tu r ie r t .  Sie sind  lan g g e s tre c k t u n d  erreichen im  d iffe renz ierten  Z u ­
s ta n d  eine L änge v o n  7— 9 p, w ä h re n d  ih r  Q u e rsc h n itt d a n n  e tw a 1,8— 2,5 p 
m iß t. D ie M erozoiten  w erden  v o n  e in er P e llik u la  um schlossen , die aus drei 
S ch ich ten  b es teh t. D ie äußere  u m h ü llt  in  F o rm  einer E le m e n ta rm e m b ra n  den 
g esam ten  P a ra s ite n . D ie beiden  in n e ren  s te llen  ebenfalls E le m e n ta rm e m b ra n e n  
d a r ;  sie sind ab er eng an e in an d er g e h e fte t, so daß  sie als eine e inheitliche , 
d icke  S ch ich t erscheinen . L edig lich  an  ein igen S tellen  w erden  die be id en  
S ch ich ten  g e tre n n t u n d  som it ü b e rh a u p t e rs t d iag n o stiz ie rb ar (A bb. 3d). 
D iese in n eren  P e llik u lasch ich ten  sp a re n  am  vo rderen  u n d  h in te ren  Zellpol 
je  eine k re isru n d e  Ö ffnung aus. D er R a n d  d ieser Ö ffnung is t  in  beiden  F ä llen  
v e rd ic k t  u n d  fo rm t so einen v o rd e ren  u n d  h in te ren  P o lrin g  aus (A bb. 3c, 3e, 
3f, 6, 7). D ie P olringe dienen als A n sa tz p u n k t fü r  su bpe lliku lä re  M ik ro tubu li, 
d ie sich  u n te r  der in n e ren  P e llik u lasch ich t v o n  vo rd eren  zum  h in te ren  Zellpol 
e rs treck en  u n d  d u rch  K o n tra k tio n  fü r  die B ew egungen d e r M erozoiten sorgen 
so llten  (A bb. 3c). B ei E . m axim a  w u rd en  22 von  diesen M ik ro tu b u li b e o b a c h te t, 
d ie e inen  D urchm esser von  e tw a  1 8 0 —200 Â aufw eisen. Sie sind in  reg e l­
m äß ig en  A b stän d en  u n te r  der P e llik u la  an g eo rd n e t (A bb. 3h).

D u rch  E in fa ltu n g  der ä u ß e ren  P e llik u lasch ich t bei g leichzeitiger U n te r ­
b re c h u n g  der be iden  in n eren  M em b ran en  an  der Basis d ieser säck ch en artig en  
S tru k tu r  en ts te h e n  die fü r  Coccidien ty p isch en  M ikroporen  (A bb. 6). B ei E . 
m a xim a  M erozoiten is t dieses O rganell in  seiner Lage o rtsspezifisch  d e te rm i­
n ie r t ,  denn  es f in d e t sich s te ts  in  E in z a h l a u f  Flöhe des N ukleus. Im  T a n g e n tia l­
s c h n it t  e rschein t es in  F o rm  von  zwei konzen trischen  R ingen . D er äu ß ere  
D u rch m esser b e trä g t e tw a 190 m p , w ä h re n d  der innere  bei e tw a  110 m p  lieg t. 
D ie  In v ag in a tio n s tie fe  bew egte sich  in  den  m eisten  F ä llen  um  den W ert von  
240 m p . E in e  A b sch n ü ru n g  von  N a h ru n g sv ak u o len  k o n n te  in  diesem  S tad iu m  
n ic h t  b e o b a c h te t w erden  (A bb. 6).

D ieser P rozeß  so llte  bei b eg in n en d em  W ach stu m  u n d  d a m it v e rb u n d en e r 
S u b stan zzu n ah m e  einsetzen. D an n  a llerd ings n im m t die A nzahl der M ikro­
p o ren  sehr s ta rk  zu ; o ffenbar is t d a n n  die gesam te O berfläche  b e fäh ig t, d e r­
a r tig e  S tru k tu re n  e n ts te h e n  zu lassen.

In  der vom  v o rd eren  P o lrin g  um sch lossenen  Ö ffnung b e fin d e t sich  ein 
als Conoid bezeichnetes O rganell, das sich  als ty p isch  erw ies fü r die M ero­
zo iten  u n d  Sporozo iten  aller Sporozoen  m it A usnahm e d er H aem osporid ien , 
R abesien  u n d  T heilcricn  (Sc h o l t y s e c k , Me h l h o r n  u n d  F r i e d h o f f , 1970).  
E s b e s te h t aus einem  k o n u sa rtig em  H o h lzy linder m it zwei v o rg e lag erten  
R ingen . Diese sind  m it dem  H o h lzy lin d er u n d  u n te re in an d e r du rch  fib rillöse 
E lem en te  v e rb u n d en , so daß bei d er räu m lich en  R ek o n s tru k tio n  eine b a ld a c h in ­
a r tig e  S tru k tu r  e n ts te h t, die an  ih re r  S p itze  eine k re isru n d e  Ö ffnung a u ssp a rt.
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Abb. 4. E im eria  m a x im a . Schem atische D arste llu n g  eines lan g g estreck ten  Schizonten  m it
8 M erozoitenanlagen (EM )
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D iese Ö ffnung w urde  v o n  vielen A u to re n  als A pikalvesikel beschrieben . Sie 
s te ll t  aber offenbar n ic h t anderes d a r, als den  A n sch n itt der zu einer E in h e it 
verschm olzenen  H a ls te ile  der R h o p trien . E in e  dera rtige  enge V erb in d u n g  von  
Conoid und  R h o p tr ie n  e rk lä r t den S a c h v e rh a lt, daß sich bei v o rg es tü lp tem  
C onoid die A usfüh rgänge  der R h o p tr ie n  im m er noch an  der u n m itte lb a re n  
Z ellsp itze befinden  (A bb. 3f, 6). D as C onoid k an n  also vorgeschoben  w erden , 
so d aß  der M erozoit d a n n  m it einer w a rzen a rtig en  Spitze e rschein t, die eine 
m echan ische  P e rfo rie ru n g  von  W irtsze llm em b ran en  erm öglich t. D ab e i s itz t

A bb. 5. E im eria  m a xim a . Schem atische D a rs te llu n g  der A n o rdnung  der su b p e llik u lären  
M ik ro tubu li (SMT) bei ju n g e n  M erozoitenanlagen

das Conoid dem  ap ik a len  P olring  v o rn  au f, die w arzenartige  Spitze k a n n  also 
b e im  A uftreffen  des M erozoiten a u f  d ie  W irtsze llm em bran  n ich t so le ich t 
w ieder e in g ed rü ck t w erden  (Abb. 3f). D ie  W and  des H ohlzy linders b e s te h t aus 
e in er A nzahl von  R ing- bzw. S p ira le lem en ten , von denen a u f L än g ssch n itten  
m eist 6— 9 getro ffen  sind  und  die zu r sen k rech ten  C onoidachse einen  W inkel 
v o n  ca 60 G rad  ausfo rm en . In  D u rch m esse r und  H a b itu s  erscheinen  diese 
E lem en te  a u f v ie len  e lek tro n en m ik ro sk o p isch en  A ufnahm en  als M ik ro tu b u li 
(A bb. 2e, 2f). D er k o n u sa rtig e  H o h lzy lin d er h a t an seiner Basis einen  D u rc h ­
m esser von  e tw a  0,34 fi, der sich z u r S p itze  h in  a u f 0,28 fi v e rr in g e rt. Die 
G esam thöhe d er C onoids b e trä g t e tw a  0 ,36— 0,38 /л. D ie v ielfach  als V esikel 
beschriebene S tru k tu r  am  ap ika len  M erozoitenpol, die sich als Q u e rsch n itt 
d u rch  die zu e iner E in h e it verschm olzenen  H alsteile  der R h o p trien  e rk lä r t, 
m iß t bei E . m axim a  8 0 —100 m ^ im  D urchm esser (A bb. 3f, 6).
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D ie R h o p trien  (paarige O rganelle) v e rlau fen  als gew undene, k eu len ­
förm ige S tru k tu re n  e tw a vom  E nde  des e rs ten  Z elld ritte ls  durchs C onoid zu r 
u n m itte lb a re n  Z ellsp itze. G elegentlich k o n n te n  auch  die k n o llen artig en  E n d e n  
in  u n m itte lb a re r  K e rn n äh e  b e o b a c h te t w erden . Die R h o p trien  h a b e n  im  
Conoid einen D urchm esser von e tw a 700 Â, erw eite rn  sich dann  a u f ca 1300 Â 
u n d  erreichen  an  ih ren  b re itesten  S te llen  ca 2000 Á. Diese bei E . m a xim a  
p aa rig en  S tru k tu re n  sind  von einer E le m e n ta rm e m b ra n  begrenzt, die a lle r­
dings w egen der s ta rk e n  Osm iophilie d e r In h a ltss to ffe  m eist n ich t e rk e n n b a r  
is t. Lediglich  in  F ä llen , wo das L u m en  d er R h o p trien  sehr e lek tro n en lich t e r­
sch e in t, is t dieser G ru n d au fb au  s ic h tb a r . M öglicherw eise is t d e ra rtig e n  A s­
p e k te n  ein A uspressen der osm iophilen  In h a ltss to ffe  vorausgegangen , denn  
»leere« R h o p trien  fin d en  sich vorw iegend  in  M erozoiten, die einzeln in  W irts ­
zellen liegen, also o ffenbar d o rt gerad e  e inged rungen  sind.

In  enger räu m lich er Reziehung zu  den R h o p trien  s te h t eine V ielzah l von  
M ikronem en, deren  W indungsgrad  b e d e u te n d  s tä rk e r  is t als der der R h o p tr ie n  
(A bb. 3e). Sie w erden  ebenfalls von e in er E lem en ta rm em b ran  b eg ren z t u n d  
erscheinen  teilw eise hohl. Sie m essen ca  700 Â im  D urchm esser, w as den  H a ls ­
te ilen  der R h o p trien  en tsp rich t. Bei Q u e rsc h n itte n  du rch  das Conoid k ö n n en  
im  In n e re n  drei nebeneinanderliegende A n sch n itte  von tubu lösen  E le m e n te n  
b e o b a c h te t w erden , deren  D urchm esser bei e tw a  240 Â lieg t. M öglicherw eise 
ste llen  diese E lem en te  V erb indungen  d e r  M ikronem en zu den A u sfüh rgängen  
der R h o p trien  d a r (A bb. 3a—c). Die M ikronem en  erstrecken  sich bis in  d ie 
K ern reg ion , sind d o rt ab er in  ih rer A n zah l b e sc h rä n k te r  als u n m itte lb a r  am  
ap ik a len  Pol, wo sie den  gesam ten Z e llin n en rau m  erfüllen.

A nschließend  an  die M ikronem enregion  f in d en  sich bis zu 9 kugelige  
K ö rp er, die —  von  einer E le m e n ta rm e m b ra n  um schlossen —  g ran u lä re s  
M ateria l geringerer O sm iophilie e n th a lte n . Sie zeigen D urchm esser v o n  e tw a  
3000— 4000 Â u n d  f in d en  sich nu r in  ausgew achsenen  M erozoiten (A bb. 3e, 6). 
Bei diesen E insch lüssen  h an d e lt es s ich  w ahrschein lich  u m  die von  a n d e re n  
M erozoiten  h er b e k a n n te n  P ro te in g ran a  (Ch e i s s i n  u n d  S n i g i r e v s k a y a , 1965; 
S c h o l t y s e c k  u n d  P i e k a r s k i , 1965). D e r  Z ellkern  liegt durchw eg im  m ittle re n  
Z e llab sch n itt des M erozoiten. E r h a t  m e is t ovoid-kugelige G esta lt, k a n n  ab e r 
bei diesen s ta rk  m otilen  Zellen auch re c h t  un rege lm äß ig  ausgeb ildet sein. In  
allen  F ä llen  jedoch  is t  am V orderende des N uk leus eine m ehr oder m in d er tiefe 
E in b u c h tu n g  zu b eo b ach ten , in  der d ie  Z is te rn en  u n d  Vesikel des Golgi- 
A p p a ra te s  an g eo rd n e t sind  (Abb. 3e, 6). E s b es teh en  A nzeichen, daß  d e r p e r i­
n u k leä re  R au m  an  der B ildung der G olg ivesikel b e te ilig t is t. In  der c h a ra k te ­
ris tisch en  d oppelten  K ern m em b ran  b e fin d e n  sich zahlreiche K ern p o ren , die 
eine enge V erb in d u n g  zw ischen dem  K a ry o p la sm a  u n d  der übrigen  Zelle e r­
m öglichen. D er p erin u k leäre  R aum  is t  bei den K ern en  der M erozoiten g u t 
en tw ick e lt u n d  er s te h t m it den L am ellen sy stem en  des E n d o p lasm atisch en  
R e tik u lu m s (E R ) in  V erb indung . D ie G ru n d su b s ta n z  des K ary o p lasm as er-
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Abb. 6. E im eria  m axim a . Schem atische  D ars te llu n g  eines M erozoiten im  Längs- w ie a u c h
in Q u e rsc h n itten

sch e in t n ich t e in h e itlich , sondern  sie is t d u rc h  V erd ich tungen  an  einigen S te llen  
gekennzeichnet. E ine  dieser V e rd ich tu n g en  erw eist sich als besonders groß  u n d  
fo rm b estän d ig  u n d  d ü rfte  som it als N uk leo lus angesprochen  w erden  (A bb. lb ) .

D er h in te re  Z e llab sch n itt des M erozo iten  e n th ä lt  eine V ie lzah l v o n  
L am ellen  der E R , die stellenw eise b la se n a rtig e  A ufschw ellungen zeigen u n d
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d ad u rch  wie P erlsch n u ren  w irken  (A bb. 3g, 6). Bei noch  n ich t a b g e sc h n ü rte n  
M erozoiten s te h e n  diese L am ellen sy stem e  m it denen des R estk ö rp e rs  in  V er­
b indung . E n tla n g  des E R  u n d  v o rn eh m lich  im  h in te ren  Z e llab sch n itt b e fin d e n  
sich R ese rv esto ffg ran a , die n a c h  der h ie r  v e rw en d e ten  T echn ik  le u c h te n d  w eiß 
erscheinen. D iese P o ly sacch arid g ran a  s ind  in  ih re r A nzahl b e sc h rä n k t. Sie 
w erden  bei M erozoiten  in  w eit geringerem  M aße au sgeb ilde t als e tw a  b e i den  
M akrogam eten . L ipoide liegen v e re in ze lt in  N ähe des ap ik a len  K ernpo les.

Abb. 7. E im eria  m axim a. S chem atische D a rs te llu n g  der V e rb in d u n g  von su b p e llik u lä ren  
M ikro tubu li (SM T), inneren  P e llik u lam em b ran en  (MM IM ) u n d  Po lring  (P ) am  a p ik a len  
Pol eines M erozoiten . An den m it SC b eze ich n e ten  S tellen erfo lg te  aus zeich en tech n isch en  

G rü n d en  eine B eschneidung  d e r beze ichneten  S tru k tu re n

Die M erozoiten  von E . m a x im a , d ie schem atisch  in  A bb. 6 d a rg e s te llt  
sind , besitzen  ein  großes, lan g g estreck tes  M itochondrium  m it tu b u lä re n  In n e n ­
s tru k tu re n . E s v e rläu ft en tlan g  des N u k leu s  u n d  e n d e t v o rn  e tw a  in  der 
R egion der E n d k eu len  der R h o p trie n . A u f einigen e lek tro n en o p tisch en  A u f­
n ah m en  schien  es, als w ürde sich das M itochondrium  v o r dem  K ern  gabeln . E s 
w ar jedoch  n ic h t zu en tscheiden , ob bei allen  M erozoiten ein d e ra rtig  c h a ra k ­
te ris tisch e r H a b itu s  in E rsche inung  t r i t t .  O pake E inschlüsse u n b e k a n n te r  
P roven ienz  u n d  F u n k tio n  k o n n te n  in  den  M itochondrien  der M erozoiten  
ebenso au fg efu n d en  w erden wie in  d en en  der M akrogam eten  u n d  M ikro- 
g am o n ten  (A bb. 6).

D iskussion

Schizogonie

In  A n b e tra c h t der jü n g s te n  E rg eb n isse  bei Coccidien einschließlich  d er 
cy sten b ild en d en  F orm en  Toxoplasm a gond ii, Sarcocystis tenella, B esno itia  
je lliso n i u n d  F renkelia  spec. ( =  M -O rganism us) schien es nahezu  unm ög lich , 
eine T y p is ie ru n g  des als Schizogonie beze ich n eten  u n gesch lech tlichen  V er­
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m ehrungsprozesses v o rzu n eh m en , erw iesen sich  doch die V orgänge hei allen  
A rte n  in  spezifischer W eise m od ifiz ie rt. A uch  k o n n te n  bei einigen A rten , wie 
z. B . T . gond ii, ve rsch ied en e  B ildung sm ech an ism en  n eb en e in an d er b e o b a c h te t 
w erd en .

F ü r  die G ru p p e  der E im erien  g a lt lan g e  eine M erozo itenbildung  a ls  
ty p isc h , bei d er an  d e r S ch izo n ten o b erfläch e  k a p p en a rtig e  V orw ölbungen a u f ­
t r a te n ,  die d an n  sch ließ lich  zu den M erozo iten  ausw uchsen. E in  d e ra r tig e r  
P rozeß  w urde fü r  E . callosperm ophili, E . bovis, E . magna, E .fa lc ifo rm is  und  I s o ­
spora  spec, b esch rieb en  (Sh e f f i e l d  u n d  H a m m o n d , 1967; S c h m id t  u . M ita rb ., 
1967; S c h o l t y s e c k  u . M itarb ., 1968; S e n a u d  u n d  Ce r n a , 1968; P e l l é r d y  u . 

M ita rb .,  1971; M e h l h o r n  u . M itarb ., 1972). B ei E im eria  intestinalis, E . nieschul- 
z i, E . pragensis  u n d  bei den  sog. k leinen  S ch izo n ten  von  E . stiedae w urde geze ig t, 
d a ß  die M erozoiten  n ic h t durch  V orw ölbungen  en ts teh en , sondern  du rch  E in ­
fa ltu n g  der als E le m e n ta rm e m b ra n  au sg eb ild e ten  S ch izon tenbegrenzung  
(S e n a u d  u n d  Ce r n a , 1968; Co l l e y , 1968; S n i g i r e v s k a y a , 1969; H e l l e r  
u n d  S c h o l t y s e c k , 1971). Bei E . m axim a  t r e te n  beide B ildungsm echan ism en  
am  selben S ch izo n ten  hervor. D arau s k a n n  geschlossen w erden , daß es sich 
n ic h t  um  p rin z ip ie ll un te rsch ied liche  V orgänge h an d e lt, die eine E in o rd n u n g  
in  versch iedene T y p e n  rech tfe rtig en  w ü rd e .

Die E n d o d y o g en ie  ( =  innere  Z w eiteilung) w ar lange Z eit als einzige 
V erm ehrungsw eise d e r als T o x o p lasm atea  bezeichneten  G ruppe von c y s te n ­
b ild en d en  P a ra s ite n  b e k a n n t (T . gondii, S . tenella, B . je lliso n i und  F renkelia  
spec. S h e f f i e l d , 1966; V a n  d e r  Z y p e n  u n d  P i e k a r s k i , 1967; S e n a u d , 1967; 
К е р к а  u n d  S c h o l t y s e c k , 1970; S c h o l t y s e c k  u . M itarb ., 1970a; M e h l h o r n  
u n d  S c h o l t y s e c k , 1973). M it der E n td e c k u n g  der K a tze  als spezifischer W ir t 
v o n  T. gondii k o n n te  ab er noch eine spezielle F o rm  der ungeschlechtlichen  V er­
m ehrung  nachgew iesen  w erden (Co l l e y  u n d  Z a m a n , 1970a; S h e f f i e l d , 1970; 
P i e k a r s k i  u . M ita rb ., 1971). P i e k a r s k i  u n d  M ita rb e ite r (1971) b ezeichneten  
d iesen  V organg als E ndopo lygen ie , da d o rt m ehrere  T ochterzellen  in einer M u t­
te rze lle  en ts te h e n , an  S telle von n u r  zwei bei d er E ndodyogenie . Ä hnlich der E n ­
dopolygenie v e r lä u f t  die erste  Schizogonie bei E . callospermophili in  Z e llk u ltu ren  
( R o b e r t s  u . M ita rb ., 1970). D o rt b eg in n t die M erozoitenbildung  ebenfalls im  
In n e rn  des m o tilen  S tad iu m s (Sporozoit) m it K ern te ilungen , w obei w äh re n d  
d ieser V orgänge schon  die k a p p en a rtig en  A nlagen  der M erozoiten zu b eo b ach ­
te n  sind. Im  G eg en sa tz  zu T. gondii w ö lben  sich  diese A nlagen aber nach  e tw a  
1/3 der E n tw ick lu n g sze it aus der S ch izon tenoberfläche  h erv o r und  gleichen  
d an n  dem  von  v ie len  E im erien  h er b e k a n n te n  H ab itu s .

E n tsp rech en d es  w urde bei E . stiedae u n d  E . magna b eo b ach te t, wo schon  
im  In n ern  des M erozoiten  die T o ch te rze llb ild u n g  beg inn t (Ce r n a  und S e n a u d , 
1971; D a n f o r t h  u n d  H a m m o n d , 1972).

Die E rg eb n isse  von  S c h o l t y s e c k  (1972, 1973) an E . tenella und  E . stiedae 
bew eisen sch ließ lich  eindeu tig  den g run d leg en d en  Z usam m enhang  zw ischen
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E ndodyogen ie  u n d  den versch iedenen  P h än o m en en  der Schizogonie. Es k o n n te  
näm lich  gezeigt w erden , daß  die M erozo itenb ildung  ( =  le tz te  P hase  d er 
Schizogonie) in  F o rm  der E ndodyogen ie  v e r lä u f t, da sich der Schizont v o rh e r 
in  viele e inkern ige C ytom eren  aufgeg liedert h a t .  Som it is t die Schizogonie als 
eine sek u n d är d u rch  K ern te ilu n g en  e rw e ite rte  E ndodyogen ie  zu b e tra c h te n . 
F ü r  E . m axim a  wie auch  fü r  E . intestinalis, E . fa lc ifo rm is , E . stiedae, E . m agna  
u n d  Haemoproteus m etchnikovi ( S n i g i r e v s k a y a , 1969; C e r n a  u n d  S e n a u d , 

1971; D a n f o r t h  u n d  H a m m o n d , 1972; S t e r l i n g  u n d  D e  G i u s t i , 1972; 
M e h l h o r n , S e n a u d  u n d  S c h o l t y s e c k , 1973) e rgaben  sich A n h a ltsp u n k te , 
daß  sich die M erozoiten  ebenfalls schon w äh ren d  der le tz te n  K ern te ilu n g  
entw ickeln . Im  G egensatz zu E . tenella u n d  E . stiedae w ar allerdings keine 
C ytom erenb ildung  zu b eo b ach ten . Die F rag e , ob das P h än o m en  zweier M ero- 
zo itenan lagen  p ro  K ern  genetisch  v e ra n k e rt is t oder oh es a u f  H em m ungen  
im  K ern te ilu n g srh y tm u s zu rü ck zu fü h ren  is t, m uß  v o re rs t u n g ek lä rt b leiben . 
D esgleichen die F rag e , w aru m  einige A rten  wie E . m axim a  n u r  8 —16 M ero­
zoiten  pro  S ch izon t ausb ilden , andere dagegen  bis zu 120 000 ( E . bovis). 
Z udem  ist noch  zu w enig b e k a n n t ü b er die E in flüsse  des W irtsgew ebes a u f  
diese P hase  des E n tw ick lungszyk lus.

Bei der M erozo itenbildung  w erden die su b p e lliku lä ren  M ikro tubu li 
zuerst als B ündel in  K ern n äh e  angelegt u n d  e rs t bei s te tig e r Y orw ölbung der 
M erozoitenanlage sy m m etrisch  u n te r  der P e llik u la  v e rte ilt. E in  d e ra rtig e r  
V organg w urde  zuvor auch  schon bei E . stiedae b e o b a c h te t ( H e l l e r  u n d  
S c h o l t y s e c k , 1971). M öglicherw eise is t die B ild u n g  dieser M ik ro tubu libündel 
von  C entrio len  in d u z ie rt, die bei der K e rn te ilu n g  sich ja  s te ts  in  räu m lich er 
N ähe b e finden  ( S c h o l t y s e c k , 1973; M e h l h o r n , S e n a u d  u n d  S c h o l t y s e c k , 

1972; S c h o l t y s e c k , M e h l h o r n  u n d  S e n a u d , 1972).

Merozoiten

Die M erozoiten  von  E . m axim a  sind  sch lan k -lan g g estreck t u n d  e n t­
sprechen  m it diesem  H a b itu s  u n d  ih ren  A bm essungen  den  V erhältn issen  hei 
vielen  der b ish er u n te rsu c h te n  E im eriina , sowie Toxoplasm a gondii, Besnoitia  
je llison i u n d  Frenkelia  spec. (L it. s. S c h o l t y s e c k  u . M itarb ., 1970a; P o r c h e t - 

I I e n n e r e  u n d  V i v i e r , 1971; S c h o l t y s e c k  u . M ita rb ., 1973b). Bei Sarcocystis te­
nella, einem  w eite ren  cysten b ild en d en  Coccid, bei E . fa lc ifo rm is  u n d  E . contorta 
tre te n  allerd ings w eit g rößere M erozoiten in  E rsche inung , die 16 g (Sarco­
cystis), 25 fi (E . fa lc ifo rm is)  u n d  sogar 30 p  ( E . contorta) erreichen k ö nnen  
( S e n a u d , 1967; H a b e r k o r n , 1971; M e h l h o r n  u n d  S c h o l t y s e c k , 1973; 
M e h l h o r n  u . M ita rb ., 1973). Inw iew eit sich d e ra rtig e  G rö ß en v aria tio n en  a u f die 
spezifischen B ed ingungen  des jew eiligen W irtsgew ebes zu rü ck fü h ren  lassen, 
b e d a rf  noch der w eiteren  K lärung .
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U n te rh a lb  der c h a ra k te ris tisch e n  C occidienpellikula liegen bei E . m axim a  
22 su b p e llik u lä re  M ik ro tu b u li. D ie A n zah l en tsp rich t den  V erh ä ltn issen  be i E . 
necatrix, E . bovis, E . alabam ensis, E . callosperm ophili, Isospora  spec., Haem o- 
pro teus columbae u n d  bei den  v ie r cy sten b ild en d en  Coccidien ( T . g o n d ii;  S. 
ten e lla ; F . spec.; B . je l l is o n i) . E in e  ausfü h rlich e  L ite ra tu rü b e rs ic h t b ie te t  die 
A rb e it:  S c h o l t y s e c k , M e h l h o r n  u n d  S e n a u d  (1972). In  d ieser A rb e it k o n n ­
te n  desw eiteren  H inw eise d a fü r g esam m elt w erden, d aß  die su b p e llik u lä ren  
M ik ro tu b u li u rsäch lich  in  den  B ew eg u n g sab lau f der M erozoiten  in te g rie r t sind  
D a fü r  sp rich t auch , d aß  sie n u r  in  m o tilen  S tad ien  in  E rsch e in u n g  tre te n  und  
so fo rt ab g e b a u t w erden , soba ld  eine s ta tio n ä re  Phase (Schizont, G am on t) ein­
g e le ite t w ird. Die A nzah l d er T u b u li sch e in t a rtspezifisch  d e te rm in ie rt zu sein. 
Sie k ö n n te  dem nach  als u ltra s tru k tu re lle s  Id en tif ik a tio n sm erk m a l h e ran g e ­
zogen w erden.

In  die Po lring  um schlossene Ö ffnung  der beiden  in n e ren  P e lliku la - 
m e m b ra n e n  e rs treck t sich  bei M erozoiten  u n d  Sporozoiten  aller T elosporid ien  
m it A usnahm e d er P lasm od ien , B abesien  u n d  T heilerien ein als Conoid be- 
ze ichnetes G ebilde. E s b e s te h t aus e inem  ko n u sartig en  H o h lk ö rp er, dessen 
W a n d u n g  aus einer A nzah l von  S p ira le lem en ten  a u fg eb au t is t, und  zwei v o r­
g e lag erten  R ingen , die u n te re in a n d e r  u n d  m it dem  K onus d u rch  fib rillöse 
E le m e n te  v e rb u n d en  sind . A u f L ä n g ssch n itten  k o n n ten  h ier n u r  6— 9 A n­
sc h n itte  von  solchen sp ira ligen  T u b u li gefunden  w erden.

Die ex ak te  A nzahl d e r T ub u li, aus denen  das Conoid au fg eb au t is t, k an n  
z u r Z eit n ic h t e rm itte lt  w erden , da  sich  das zur V erfügung s tehende  M ethoden­
sp e k tru m  u n d  gerade rechnerische  R ek o n s tru k tio n en  als unbefried ig en d  er­
w iesen  h ab en  ( V i v i e r , 1970). E n g  v e rb u n d e n  m it dem  Conoid sind  die A us­
fü h rg än g e  der R h o p trien  ( =  P aarig es  O rganell), die an  der S p itze  des Conoids 
zu e iner E in h e it verschm elzen . Q u e rsch n itte  durch  diese S tru k tu r  w u rd en  sehr 
h ä u fig  als Vesikel angesehen . D ie V erb in d u n g  von Conoid u n d  R h o p trie n  zu 
e in e r fu n k tio n a len  E in h e it e rk lä r t die e lek tronenm ik roskop ischen  A ufnahm en , 
a u f  denen das Conoid vorgeschoben  is t  u n d  die M ündung d er R h o p tr ie n  sich 
tro tz d e m  an der u n m itte lb a re n  Z ellsp itze  b efin d e t. In te re s sa n t is t der B efund  
a n  E . m axim a, d aß  das Conoid im  F a ll d er V orstü lpung  schließlich  v o rn  dem  
P o lrin g  au fsitz t. D a m it sch e in t bew iesen , daß  das Conoid seine F u n k tio n  in 
d e r  V erste ifung  einer w a rzen artig en  V o rstü lp u n g  e rfü llt, m it deren  H ilfe  die 
W irtsze llm em b ran  p e rfo rie rt w erden  k a n n . U n te rs tü tz t  w ird  d ieser V organg 
o ffen b ar noch d u rch  In h a ltss to ffe  d er R h o p trie n , die ja  in  enger K o p p lu n g  m it 
dem  Conoid stehen . Z ur N a tu r  e tw aiger In h a ltss to ffe  lassen  sich zur Z eit a lle r­
d ings noch keine d e fin itiv en  A ussagen  treffen  ( S e n a u d , M e h l h o r n  und  
S c h o l t y s e c k , 1972). In  A n b e tra c h t d ieser O rganellverb indungen  am  ap ika len  
P o l von  M erozoiten u n d  Sporozo iten  e rsche in t der von  L e v i n e  (1970) v o rg e­
sch lagene N am e »A picom plexa« zu r K en nze ichnung  dieser gesam ten  P a ra s ite n ­
g ru p p e  (Sporozoa) e rs t im  rech ten  L ich t.
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Plasm oiden , B abesien , Theilerien  und  das n och  U ndefinierte Coccid 
M yriosporides am phiglenae  besitzen  kein  Conoid, das se lb st bei G regarinen  
nachgew iesen w erden  k o n n te  ( S c h r e v e l , 1968; D e s p o r t e s , 1969; V á v r a  und  
M c L a u g h l i n , 1970; S h e f f i e l d  u . M itarb , 1971; O r m i e r e s , 1972). M öglicher­
weise liegt das an dem  M odus, wie eine W irtszelle  befa llen  w ird, d enn  die 
B lu tp a ra s iten  p e rfo rie ren  die begrenzende W irtsze llm em b ran  n ich t ( L a d d a  

u. M itarb ., 1969).
E . m axim a  b e s itz t  wie alle b isher u n te rsu c h te n  E im eria -A rten  u n d  Iso ­

spora spec. 2 B h o p tr ie n , die sich s te ts  von  einer E le m e n ta rm e m b ra n  b eg ren z t 
erw iesen. B ed eu tsam  sch e in t der B efund , daß die H a ls te ile  der R h o p trie n  an  
der u n m itte lb a re n  Z ellsp itze  zu einem  gem einsam en S tü c k  verschm elzen , das 
d an n  a u f Q u e rsch n itten  als vesikelartige  S tru k tu r  e rsch e in t. D ieses gem ein­
sam e S tü ck  der R h o p tr ie n  m uß  sehr kurz  sein, d en n  noch in n erh a lb  des 
Conoids verlau fen  die H als te ile  der R h o p trien  völlig  g e tre n n t, wie sich aus 
zah lreichen  Q u e rsch n itten  d u rch  diese R egion e rm itte ln  lä ß t . D er obere, also ge­
m einsam e R h o p tr ie n a b sc h n itt  s te h t du rch  fibrillöse E lem en te  m it dem  oberen 
conoidalen R ing  in  V erb in d u n g , so daß  Conoid und  R h o p tr ie n  einen F u n k tio n s ­
kom plex  d a rste llen , d er in  id en tisch er F o rm  auch d an n  e rh a lte n  b le ib t, w enn das 
Conoid vorgeschoben  w ird . S om it s tim m t die Ö ffnung im  »Baldachin« des Co­
noids m it dem  Q u e rsc h n itt  d u rch  den  obersten  R h o p tr ie n a b sc h n itt  ü b ere in .

D ie M ikronom én d er E . m axim a  M erozoiten en tsp re c h e n  in  A bm essun­
gen, M orphologie u n d  A nzah l den V erhältn issen  bei an d eren  E im eria -A rten  
u n d  bei Isospora  spec. (L it. s. S c h o l t y s e c k  u n d  M e h l h o r n ,  1970; S c h o l t y -  

s e c k  u. M itarb ., 1973). A u f Q u ersch n itten  durchs C onoid  finden  sich bei E . 
m axim a  s te ts  drei tu b u lä re  E lem en te , deren  D urchm esser sich etw a a u f  240 À 
b e läu ft und  die s te ts  in  e iner R eihe angeo rdnet sind . E in e  F u n k tio n  k o n n te  
ihnen  b isher n ich t zu g eo rd n e t w erden. D u b r e m e t z  (1971) b eo b ach te te  bei E . 
necatrix a u f  L ä n g ssc h n itte n  du rchs Conoid zwei solche S tru k tu re n  von  e n t­
sp rechenden  D u rch m esser, desgleichen P o r c h e t - H e n n e r e  und  R i c h a r d  

(1970) bei Aggregata eberthi. D ie M erozoiten von E . tenella , E . nieschulzi, E . 
bovis, E . perforons, E . stiedae, E . m iya ir ii, sowie die »E ndodyocyten« v o n  T . 
gondii, S . tenella, E . je lliso n i u n d  Frenkelia  spec, w eisen diese S tru k tu re n  eb en ­
falls auf, wie aus den v e rö ffen tlich ten  Q u ersch n ittsb ild e rn  h erv o rg eh t ( S c h o l ­

t y s e c k  u n d  P i e k a r s k i , 1965; S h e f f i e l d  u n d  H a m m o n d , 1966; S h e f f i e l d , 

1966; S e n a u d , 1967; C o l l e y , 1968; A n d r e a s s e n  u n d  B e h n i c e , 1968; 
S h e f f i e l d  u n d  M e l t o n , 1968; S e n a u d  u n d  C e r n a , 1969; S c h o l t y s e c k ,  

К е р к а  u n d  P i e k a r s k i , 1970). Aus den  A ufnahm en  v o n  E . m axim a  e rg ib t 
sich jedoch , daß  die H a ls te ile  der R h o p trien  noch zu sä tz lich  in  dieser S c h n itt­
region an zu tre ffen  sind . H e rk u n f t u n d  F u n k tio n  d ieser d re i T ubu li s ind  n och  
völlig u n b e k a n n t u n d  b e d ü rfe n  der w eiteren  K läru n g , w en n  allerdings ein iges 
d a fü r sp rich t, daß  es sich  u m  V erb indungen  der M ikronem en  m it den R h o p tr ie n  
hande ln  k ö nn te .
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D ie M ikropore d er M erozo iten  von  E . m axim a  b e f in d e t sich  s te ts  au f 
K e rn n iv e a u  und e n tsp r ic h t in  A u fb au  u n d  G röße dem  fü r S porozoen  c h a rak ­
te r is tis c h e n  Typus (L it. s. S c h o l t y s e c k  u n d  M e h l h o r n , 1970). In te re ssa n t 
is t, d a ß  bei einigen A rte n  s te ts  ein m ehr oder m inder spezifischer P la tz  der 
P e llik u la  zur M ikropore u m g e fo rm t w ird. O ffenbar is t  die A nlage d e r M ikropore 
in  irg en d e in e r W eise d e te rm in ie r t, denn  schon  in  a lle rjü n g sten , sich  gerade 
en tw ick e ln d en  M erozoiten k a n n  dieses N ah ru n g sau fn ah m eo rg an e ll b eo b ach te t 
w e rd e n , obwohl es h ie r n o ch  n ic h t b en ö tig t w ird . E benfalls in  N äh e  des Zell­
k e rn s  s in d  bis zu 9 P ro te in g ra n a  zu  b eo b ach ten  ( C h e i s s i n  u n d  S n i g i r e v s k a y a  

1965). Sie sind typ isch  fü r  die M erozoiten d er G attu n g en  E im eria  u n d  Isospora, 
w u rd e n  jedoch b isher n ic h t  oder zu m in d est n ich t in g leicher W eise fü r T. 
g o n d ii , В . jellisoni, S . tenella , F . spec, oder g ar fü r  die M erozoiten  der H aem o- 
sp o rid ien  und  P irop lasm en  besch rieben  ( S c h o l t y s e c k  und M e h l h o h n , 1973).

Z u sam m enfassung

D ie  Schizogonie des H ü h n e rco cc id s E im eria  m axim a  w urde e rs tm a ls  e lek tro n en o p tisch  
u n te r s u c h t  und  m it e n tsp rec h en d e n  V orgängen bei an d eren  Sporozoen verg lichen . Dabei 
e rg a b  sich , daß sich v e rm u tlic h  die h ier zu G ru n d e  liegenden E n tw ick lungsprozesse  tro tz  
a lle r  au ftre te n d e n  M odifizierungen  a u f  eine gem einsam e A usgangsform  z u rü ck fü h ren  lassen, 
d ie s ic h  noch  heute bei e in igen  A rte n  in  der E ndodyogen ie  w iderspiegelt.

D ie reifen M erozoiten v o n  E . m a xim a  s tim m en  im  w esentlichen in  ih re n  A bm essungen 
u n d  A usdifferenzierungen m it  d en  V erh ältn issen  bei an d eren  E im eriid en  ü b erein . B em er­
k e n sw e rt schein t dabei a lle rd in g s  de r B efund , d aß  das Conoid sow eit v o rg eschoben  w erden 
k a n n , so daß  es schließlich d em  P o lrin g  v o rn  a u fs itz t, w as seine D e u tu n g  als P en e tra tio n s- 
o rg a n e ll im  w eiteren u n te rm a u e r t .  D esgleichen k o n n ten  sehr enge s tru k tu re lle  V erb indungen  
v o n  C onoid , R hoptrien  ( =  P a a rig e s  O rganell) u n d  M ikronem en fe s tg es te llt w erden , w odurch 
d e r v o n  L e v i n e  (1970) v o rg esch lag en e  N am e »Apicom plexa« zur K en n ze ich n u n g  der »ehe­
m aligen«  Sporozoen als seh r z u tre ffe n d  erschein t.

Literaturverzeichnis

A n d r ea ssen , J .  u n d  B e h n k e , O.: J .  P a ra s it.  54 (1968), 150— 163. Ce r n á , Z. u n d  
S e n a ü d , J . :  Folia p a ras it. (P ra h a )  18 (1971), 624— 625. Ch e is s in , E . M. u n d  Sn ig ir e v sk a y a , 
E . S .: P rotisto logica  1 (1965), 121— 128. Co lle y , F . C.: J .  P ro tozool. 15 (1968), 374— 382. 
Co l l e y , F . C. und Za m an , V .: S o u th e as t A sian  J .  T rop . Med. Publ. H lth . 1 (1970), 465— 
480. D a n fo r th , H. D. u n d  H a m m o n d , D. M.: J .  P ro tozoo l. 19 (1972), 454— 457. D e s p o r t e s , 
I . :  A n n . Sei. N at. (Zool.), 12 (1969), 31— 96. F r e n k e l , J .  K ., D u b e y , J .  P . u n d  Mil l e r ,
N . L .: Science 164 (1969), 432— 433. I id e m : Ib id em  167 (1970), 893— 896. H a b er k o h n , A.: 
Z. P a ra s ite n k . 37 (1971), 303— 314. H e l l e r , G. u n d  Sch olty seck , E .: P ro tis to lo g ica  7 (1971). 
451— 460. H o ppe , G.: D isse r ta tio n , B onn , 1973. К е р к а , О. und  S c h o l t y se c k , E .: P ro tis to ­
lo g ica  6 (1970), 249— 266. L a d d a , R ., A ik a w a , M. u n d  Sp r in z , H .: J .  P a ra s ito l. 55 (1969), 
633— 644. L ev in e , N. D .: J .  P a ra s ito l. 56 (1970), 208. Meh lh o r n , H .: Z. P a ra siten k . 39 
(1 9 7 2 a), 161— 182. I d e m : Ib id e m  40 (1972b), 151— 163. I d e m : Ib idem  40 (1972c), 243— 260. 
M e h l h o r n , H. und Sc h o l t y se c k , E .: Z. P a ra s ite n k . 41 (1973), 291— 310. Me h l h o r n , H ., 
S e n a u d , J .  und Sc h o l ty se c k , E .: C. R . A cad. Sei. (Paris) 275 (1972), 835— 837. I id e m : 
P ro tis to lo g ic a  (1973, in  p ress). M il l a r d , B. J . ,  B r a d l e y , J .  W. A. u n d  L o ng . P . L.: Z. 
P a ra s i te n k . 38 (1972), 77— 81. O r m ie r e s , R .: C. R . A cad. Sei. (P a ris )  274 (1972), 3254— 
3257. O v er d u l v e , J . P .: K o n in k l. N ederl. A cad. W etensch . Proc. Ser. C 73 (1970), 129— 
151. P e l l é r d y , L., H a b e r k o r n , A ., M e h l h o r n , H . u n d  Sch o lty seck , E .: A cta  ve t. hung. 
XXI (1971), 433—443. P o r c h e t -H e n n e r e , E . u n d  V iv ie r , E .: A nn. B iol. 10 (1971), 78— 113. 
I id e m : J .  Protozool. 14 (1967), 27— 39. P o rch et-H e n n e r e , E . u n d  R ic h a r d , A .: Z. Zell-

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



ELEKTRONMIKROSKOPISCHE UNTERSUCHUNGEN AN E. M A X IM A 401

forsch . 103 (1970), 179— 191. R o berts , W . L ., H am m ond , D. M., A n d e r so n , L. C. u n d  
Sp e e r , C. A .: J .  P ro tozoo l. 17 (1970), 584— 592. R om m el , M., H e y d o r n , A. O. u n d  Gr u b e r , 
F .: B erl. u . M ünch, t ie rä rz tl.  W schr., 1972, 101— 105. S ch m id t , K ., J o h n sto n , M. R . L. 
u n d  St e h b e n s , W . E .: J .  P ro tozool. 14 (1967), 602— 608. Sc h o l ty se c k , E .: J .  P ro to zo o l. 
Suppl. (1972), 5. I d e m : Z. P a ra s iten k . (1973, in  press). Sc h o l ty se c k , E ., К е р к а , О. u n d  
P ie k a r s k i, G.: Z. P a ra s ite n k . 33 (1970), 252— 261. Sch o lty seck , E . u n d  M e h l h o r n , H .: 
Z. P a ra s ite n k . 34 (1970), 97— 127. I id e m : N a tu rw iss . R u n d sch au  (1973, in press). S ch o lty ­
sec k , E ., M e h l h o r n , H . u n d  F r ie d h o f f , K .: Z. P a ra s ite n k . 34 (1970), 6 8 — 94. Sch o lty seck  
E ., M e h l h o r n , H . u n d  M ü l l e r , B. E . G .: Z. P a ra s ite n k . (1973a, in  press). I id e m : J .  P ro ­
tozool. (1973b, in press). Sch o lty seck , E ., M e h l h o r n , H . u n d  Se n a u d , J :  Z. P a ra s ite n k . 
40 (1972), 281— 294. Sc h o l ty se c k , E . u n d  P ie k a r s k i , G.: Z. P a ra s ite n k . 26(1965), 91— 115., 
Sc h o l ty se c k , E ., St r o u t , R . G. u n d  H a b e r k o r n , A .: Z. P a ra s ite n k . 32 (1968), 284— 296. 
S c h r e v e l , J . :  J .  M icroscopie (Paris) 7 (1968), 391— 410. Se n a u d , J . :  P ro tis to lo g ica  3 (1967), 
167— 232. Se n a u d , J .  u n d  Ce r n á , Z.: A nn . S ta t .  B iol. B esse-en-C handesse 3 (1968), 221—  
242. I id e m : J .  P ro tozool. 16 (1969), 155— 165. I id e m : P ro tisto lo g ica  6 (1970), 5— 19. Se n a u d , 
J . ,  Me h l h o r n , H . u n d  S ch o lty seck , E .: Z. P a ra s ite n k . 40 (1972), 165— 176. Sh e f f ie l d , 
H . G .: J .  P a ra s ito l. 52 (1966), 583— 594. I d e m : J .  Pro tozool. 15 (1968), 685— 693. I d e m : 
Proc. H elm . Soc. W ash. 37  (1970), 237— 242. Sh e f f ie l d , H . G. u n d  H am m ond , D. M .: J .  
P a ra s ito l. 52 (1966), 595— 606. I id e m : Ib id em  53 (1967), 831— 840. Sh e f f ie l d , H . G. u n d  
Me l t o n , M. L .: J .  P a ra s ito l. 54 (1968), 209— 226. I id e m : Science 167 (1970), 892— 893. 
Sh e f f ie l d , H . G., Ga r n h a m , P . C. C. u n d  S h ir o is h i, T .: J .  P ro tozoo l. 18 (1971), 98— 105. 
Sn ig ir e v s k a y a , E . S.: A c ta  Protozool. 7 (1969), 57— 70. St e r l in g , C. R . u n d  D e  G iu s t i , 
D. L .: J .  P a ra s ito l. 58 (1972), 641— 652. Va n  d e r  Zy p e n , E . u n d  P ie k a r s k i, G.: Z. P a ra s ite n k . 
29 (1967), 15— 35. Vá v ra , J .  u n d  McL a u g h l in , R . E .: J .  P ro tozoo l. 17 (1970), 483— 496. 
V iv ie r , E .: J .  Pro tozool. Suppl. (1970), 28. W o r k , K . u n d  H u tc h iso n , W . M.: A c ta  p a th ,  
m icrobiol. scand . 72 (1969), 414— 424.

A nsch rift des V erfassers: H einz M e h l h o r n , D-5300 B onn, P o p p e lsd o rfe r Schloß, B R D .

Acta Velerinaria Academiac Scientiarum Hungaricae 24, 1974





Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (3), pp. 403 — 405 (1974)

BIOLOGICAL RESIDUES IN MEAT 
AND MEAT PRODUCTS IN HUNGARY 

IN THE CALENDAR YEAR 1972*
By

J .  T ak á c s , Z. S im o n ffy  and H . E . J ancsó

C entral L a b o ra to ry  (H ead : J .  T akács) o f th e  V e te rin a ry  M eat C ontrol Service,
B u d ap est

(R eceived  N ovem ber 13, 1973)

The H u n g a ria n  V eterin ary  M eat C ontrol Service began  its  a c tiv ity  in  
de tec tin g  th e  chem ical and  biological residues in  m ea t an d  m eat p ro d u c ts  in  
1971. The ex am in a tio n s  of pestic ide residues w as decreased  by  th e  p rov ision  
o f 1/1970/1. 25. M in is try  of H e a lth  and  M in istry  o f A gricu ltu re .

Besides m e a t and  m eat p ro d u c ts  our ex am in a tio n s fo r residues were carried  
o u t on group o f pigs and  b eef-ca ttle  origined from  fa rm in g  on a large scale.

To get enough  in fo rm atio n  ab o u t th e  levels o f residues in  som e an im al 
p o p u la tio n  or in  som e consigm ent we used th e  com posite  sam pling  as recom ­
m ended  by  th e  W H O .

Sam ples w ere ta k e n  from  m ea t, fa t ty  tissue , k id n ey  an d  liver o f sw ine 
an d  b eef-cattle ; from  sem i-preserved  ham  and  shou lder; from  w in ter and  deli­
cacy  salam i; from  raw , cold sm oked and  dried  sausages (G yula) an d  edible la rd .

C hlo rinated  h y d ro ca rb o n  com pounds and  o rganic  phosphorus in sec ti­
cides were d e te rm in e d  b y  th in -la y e r and  gas c h ro m a to g ra p h y , arsenicale b y  
G u tz e it’s-test, am ong  heav y  m eta ls  copper and  zinc b y  th e  d itiz o n -titra tio n  
m eth o d , and  Z n -b a c itra c in  by  th e  agar-gel diffusion tech n iq u e .

In  1972 725 d iffe ren t sam ples w ere analysed .
The resu lts  a re  d em o n stra ted  in  Tables I — I I I .
E xam ination  o f  organic phosphorus insecticides : T rich lo rphon , D ich lorvos, 

D iazinon , D im e th o a t, M alath ion  an d  M eth y lp a ra th io n .
In  no case w ere organic phosphorus in sectic ides in  168 d ifferen t m e a t 

an d  m eat p ro d u c t sam ples d e tec ted .

Conclusions

1. G roups o f s lau g h te r  an im als, derived  from  59 s ta te  farm s and  fa rm ers’ 
co -operatives, w ere te s te d  for th e  presence of b io logical residues.

a)  T here w ere sign ifican t differences in  th e  a m o u n t of residues in  m e a t 
sam ples o b ta in ed  from  differen t farm s;

* P resen ted  a t  th e  F irs t  In te rn a tio n a l Congress F o r A n im al H ygiene B u d ap est, H u n ­
g ary  2— 5 O ctober 1973.
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Table I

A verage v a lu e s  of c h lo rin a te d  h y d ro carb o n  com pounds

Samples Basic am ount 
of sampling

T otal DDT 
(DDT-f DDE +  DDD) 

mg/kg

T otal BHC
(<* +  ß  + У + ä), 

mg/kg

m eat 3 347 anim als 0.041 0 .0 2 2

P ig  fa tty  tissue 1 984 anim als 0.734 0.134
liver 1 510 anim als 0.034 0 .0 2 0

m eat 115 anim als 0.055 0 .0 2 0

C attle  fa tty  tissue 48 anim als 0.347 0.068
liver 48 anim als 0.026 0.017

S em i-preserved  ham 185,957 pieces 0.045 0.024
S em i-preserved  shoulder 64,717 pieces 0.040 0.024
W in te r  a n d  delicacy salam i 130,000 kg 0.643 0.115
R aw , cold  sm oked, dried sausage 190,000 kg 0.547 0.094

E d ib le  la rd — 0.695 0.099

Table II

A verage  va lues fo r z inc , copper and  arsenicals

Samples Zinc, 
mR/k g

Copper,
mg/kg

Arsenicals,
mg/kg

Porc 24.2 0 0

Pig liver 52.5 11 .2 0

C attle  liver 42.0 10 .8 0

Sem i-preserved h am  a n d  shoulder 20 .2 0 0

W inter and delicacy salam i 30.8 0 0

R aw , cold sm oked, d ried  sausage 28.4 0 0

Table III

Z in c-b ac itrac in  an tib io tic

Samples
Total 

number 
of samples

Negativ
samples

Positive samples

< 0 .5  > 2

mg/kg

Sem i-preserved ham  an d  shoulder 47 37 10 0

P ig  liver 2 2 0 0

P ig  kidney 10 6 2 2
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b) th e  pig f a t ty  tissu e  co n ta in ed  m ore (0.734 m g/kg) to ta l  D D T th a n  th e  
c a tt le  f a t ty  tissue  (0.347 m g/kg); p e rh ap s  due to  th e  g rea t d ifference in  feed ing  
betw een  th e  tw o an im al species;

c)  th e  BH C va lu es  w ere a p p ro x im a te ly  th e  sam e fo r swine and c a ttle , 
suggesting  th a t  BH C a ccu m u la ted  n e ith e r  in  vegetab les n o r in  th e  anim al b o d y ;

d)  f a t ty  tissue  co n ta in ed  a b o u t ten -fo ld  m ore D D T  a n d  ab o u t five-fo ld  
m ore  lin d an  th a n  m ea t;

e)  accord ing  to  o u r ana lyses ch lo rin a ted  h y d ro c a rb o n  com pounds d id  
n o t accu m u la te  in  liv er tissu e , th ere fo re , th e  analysis of liv e r  has to  be ca rried  
o u t on ly  in  de tec tio n  o f acu te  poisoning.

2. T he a m o u n t o f c h lo rin a ted  h y d ro ca rb o n s in  m e a t an d  m ea t p ro d u c ts  
is m u ch  low er th a n  th e  to le ra te d  level accep ted  in te rn a tio n a lly .

3. O rganic p h o sp h o ru s insectic ides w ere n o t d e tec ted  a t  all in  m ea t an d  
m e a t p ro d u c ts  from  large  scale of sam ples, therefo re , th e  p ra c tic a l significance 
o f  such  analyses is low .

The presence o f o rganic  p h o sphorus in sectic ides in  an im al bo d y  an d  
an im a l p ro d u c ts  was o n ly  ex p ec ted  in  case o f a c u te  poisoning  or if  m eat an im als 
w ere tre a te d  w ith  such  p re p a ra tio n s  closely before s lau g h te r.

4. The a m o u n t o f zinc, copper, arsen icals as well as Z in c -b ac itrac in  w as 
n o t h igher th a n  th e  re sp ec tiv e  in te rn a tio n a lly  accep ted  lim it va lue .

5. The to ta l  a m o u n t o f D D T  decreased  slowly in  m e a t an d  m eat p ro d u c ts  
d u rin g  th e  la s t years. D urin g  decom position  of D D T th e  a m o u n t of m e ta b ­
o lites of D D E  an d  D D D  increased  and  th e re fo re  th e  to ta l  am o u n t of D D T  
h a d  been scarcely  changed . T he presence o f D D T  in  an im al tissues shou ld  be 
s till ta k e n  in to  acco u n t for a long tim e.

S um m ary

I n  th e  ca lendar y e a r  1972 sam ples o f m ea t a n d  m ea t p ro d u c ts  w ere te s ted  fo r th e  
p resence  of biological a c tiv e  residues. G roup  of pigs an d  b eef-cattle  fro m  large-scale fa rm s 
w ere  exam ined . M eat, f a t ty  tissu e , k id n ey  an d  liv e r of m ea t an im als a n d  p asteu rized  h a m  
a n d  sh o u ld er conserves, sa lam i a n d  raw , sm oked , d ried  sausages w ere analysed .

C hlo rina ted  h y d ro c arb o n  com p o u n d s, o rgan ic  p h o sphorus in sectic ides, a rsen icals, 
co pper, zinc an d  Z n -b ac itrac in  w ere ex am in ed  in  725 sam ples. R e su lts  a re  p resen ted  in  3 
T ab les .

T he D D T an d  L in d a n  c o n te n t o f f a t ty  tissu e  was te n  tim es a n d  fiv e  tim es as h igh  
as th e  respec tive  values fo r m ea t, how ever m uch  low er th a n  th e  a cc ep te d  levels to le ra te d  
in te rn a tio n a lly .

O rganic p h o sp h o ru s in sectic ides w ere n o t d e te c te d  a t  all in m e a t a n d  m ea t p ro d u c ts .
T h e  level of h eav y  m eta ls  an d  tra c e  e lem ents as well as th e  Z n -b ac itra c in  c o n ten t w as 

fa r  below  th e  accep ted  in te rn a tio n a l lim it value .
T he to ta l  a m o u n t o f D D T  ch an g ed  scarcely , therefo re  its  p resence  should  be ta k e n  

in to  considera tion  fo r a long  tim e.

T he address o f th e  a u th o rs :  D r. J á n o s  T a ká cs , D r. Z o ltán  S im o n f f y , E d it  J a n c só , 
1095 B u d a p es t, Soroksári ú t  58, H u n g a ry .
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INVESTIGATION OF THE CYTOTOXIC EFFECT 
OF F-2 TOXIN (ZEARALENONE)

IN VARIOUS MONOLAYER CELL CULTURES
By

A . VÁNYI a n d  E rzséb e t SzAILER 

C en tra l V e terin ary  In s t i tu te  (D irec to r: A. Vá n y i), B u d ap es t 

(R eceived N o v em b er 21, 1973)

R ecen tly  th e  F-2 to x in  (zearalenone) p ro d u ced  b y  some F u sa riu m  
species in  fo o dstu ffs  has caused serious an im al-hyg ien ic  p rob lem s in  H u n g a ry . 
As i t  is w ell-know n th e  “ oestrogen sy n d ro m e ”  observed  in  young  sows is due  
to  th e  F-2 to x in  (D a n k ó  and  Á l d á s y , 1969; D e b r e c z e n i  an d  B o r d a , 1972; 
D e b r e c z e n i  a n d  R e j t ő , 1969).

I t  has been  p roved  th a t  a f te r  a lo n g -lastin g  feed ing  w ith  F-2 to x in -  
con ta in ing  foods th e  fe r tility  of ganders an d  tu rk ey co ck s decreased or even  
s topped , d ep en d in g  on th e  q u a n tity  of th e  to x in  ( P a l y u s i k  e t ah, 1971). In  
these  cases th e  q u a n ti ty  of th e  sperm  a n d  v ia b ility  o f sperm atozoa  w ere 
m arked ly  red u ced . T here w ere m an y  d eg en e ra ted  ep ith e lia l cells in  th e  te s tic le s , 
only a few sp e rm ato zo a  w ere seen in  th e  co n v o lu ted  tu b u le s , and  even th e se  
were deform ed. T urkeycocks p roved  to  be less sensitive  th a n  ganders an d  th e  
tox in  d id  n o t in fluence  th e  fe rtility  of cocks (Va n y i  e t ah , 1973).

F ore ign  a u th o rs  have rep o rted  in  heifers an d  cows on rep ro d u c tiv e - 
biological d iso rders w hich were a t tr ib u ta b le  to  th e  effect o f F-2 to x in  ( R o i n e  
et ah, 1971). W e h av e  n o t found  re liab le  d a ta  re la tin g  to  bulls.

I t  is w ell-know n th a t  v a rio u s  m y co to x in s  h av e  a cy to to x ic  effect 
(B o d o n  an d  P a l y u s i k , 1970; G e d e k , 1971; L e g a t o r , 1966) w hich m ay  be 
em ployed in  th e  q u a n tita tiv e  d e te rm in a tio n  o f these  to x in s .

As we h a d  n o t  re liab le  d a ta  ab o u t th e  cy to to x ic  effect o f F-2 to x in , we 
in v estig a ted  its  in fluence  on various cell c u ltu re s  an d  th e  re la tio n sh ip  be tw een  
its  biological a n d  possible cy to to x ic  effects.

M aterials and  M ethods

T he F-2  to x in  app lied  in  th e  ex p e rim en ts  was o b ta in e d  from  to x in - 
producing  F u sa riu m  gram inearum  s tra in s  an d  p u rified  b y  colum n and  th in -  
lay er c h ro m a to g rap h y . Being p rac tica lly  in so lub le  in  w a te r  F-2 to x in  (2000 /ig) 
was dissolved in  d im ethy lfo rm am ide  (0.2 m l) an d  serial tw ofo ld  d ilu tions w ere 
p repared  of P B S  (p h o sp h a te  buffered  physio log ica l sa lt so lu tion  p H  7.2). To
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e lim in a te  th e  possible b ac te ria l c o n ta m in a tio n , th e  so lu tion  was cen trifu g ed  
a t  7000 r.p .m . for 30 m in u tes . 2-2 tu b e  cu ltu re s  were in o c u la te d  w ith  0.2 ml 
q u a n t i ty  of each d ilu tio n . Controls w ere as follows: th e  d ilu tio n  series of di- 
m e th y lfo rm am id e  m ad e  w ith  PB S; P B S  w ith o u t d im ethy lfo rm am ide  a n d  non- 
t r e a te d  cell cu ltu res .

Cell cu ltu res: p r im a ry  cell m ono layers were p rep ared  from  ca lf tes tic les , 
tu rk e y  testic les, cock tes tic les , swine te s tic le s  and  ch icken  em bryo  f ib ro b la s ts ; 
seco n d a ry  m ono layer cu ltu res  w ere p re p a re d  from  sw ine th y ro id  g lands.

H an k s’ so lu tio n  w ith  15%  fo e ta l c a lf  serum  an d  0 .5%  la c ta lb u in in  
h y d ro ly sa te  was used  as grow th m ed iu m , an d  th e  sam e m edium  devo id  of 
se ru m  was used as m a in ten an ce  f lu id . T h e  tu b e  cu ltu res  w ere in o cu la ted  
s im u ltan eo u sly  w ith  th e  m ed ium -change and  were in c u b a te d  a t 37°C. T he 
re su lts  were read  in  th e  6 th , 16th , 2 4 th  an d  48 th  hours a fte r  th e  in o cu la tio n .

R esu lts

T h e  resu lts  a b o u t th e  cy to to x ic  effect of F-2 to x in  are  sum m arized  in  
T a b le  I.

I t  is c learly  seen th a t  all th e  sw ine, tu rk e y  and  ca lf  tes tic le  m ono layers 
t r e a te d  w ith  500 or 250 /ig /tube to x in  h a d  d egenera ted  b y  th e  16 th  h o u r, 
w h ile  only p a r t  o f  th e  m onolayers t r e a te d  w ith  125, 62.5 or 31.25 ^ g /tu b e  
show ed  signs of degen era tio n . The cock tes tic le , chick em bryo  f ib ro b la s t and  
sw ine th y ro id  g lan d  m onolayer cell c u ltu re s  were no t considerab le  affec ted  
ev en  b y  th e  la rg e rs t dose. The cy to to x ic  effect did n o t change con sid erab ly  
b e tw een  th e  16th and  4 8 th  hours.

T able  I

The cy to to x ic  effect of F-2 to x in  in  v a rio u s m ono layer cell cu ltu res

D ilu ­
tio n

T oxin,
/ig /tu b e

D egree o f th e  ce ll-degeneration  (in  percen tage) in th e  6 th  an d 16 th  hours afte r ino cu la tio n

sw ine-
te s t ic le

tu rk e y -
tes tic le

calf-
tes tic le

cock-
tes tic le

chicken
em bryo

fib ro b la s t

sw ine
th y ro id
g lan d

6 h 16 h 6 h 16 h 6 h 16 h 6 h 16 h 6 h 16 h 6h 16 h

1 : 1 500 100 100 100 100 100 100 — — — — — —

1 : 2 250 100 100 100 100 50 100 — — — — — —

1 : 4 125 50 100 50 80 25 50 — — — — — —

1 : 8 63 20 50 - 50 — 25 — — — — — —
1 : 16 31 — 10 — 5 — 5 — — — — — —

1 : 32 16 — 5

1 : 64 8
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In  th e  co n tro l tub es co n ta in in g  on ly  th e  d ilu tio n  series of d im e th y l-  
fo rm am ide  m ade w ith  PBS so lu tion  (F igs 1 an d  2), th e  cells showed no lesions.

The sw ine te s tic le  cell cu ltu res  ap p ea red  to  be th e  m ost sensitive, fo llow ed 
b y  th e  tu rk e y  a n d  ca lf  testicle cells. T he cock tes tic le  cells proved  to  be s t r ik ­
ing ly  in sensitive .

Fig. 1. I n ta c t  ca lf te s tic le  m onolayer cell Fig. 2. P a r t  o f F ig . 1. (H . and  E . s ta in  
cu ltu re  in  th e  4 8 th  h o u r. (H . and E. s ta in  X 1400)

X 600)

D iscussion

T he resu lts  o f  th e  p resen t in v e s tig a tio n s  have  show n some co rre la tio n  
b e tw een  th e  effect o f F-2 tox in  on cell c u ltu re s  and  its  biological effect k n o w n  
in  p rac tice . T he clin ical signs an d  p a th o lo g ica l lesions, caused b y  th e  F -2  
to x in  are localized to  th e  genital o rg an s, even  th e re  to  ce rta in  k inds o f tissu e . 
T he sen s itiv ity  o f th e se  tissues can be d e te rm in ed  w ith  histo logical ex am in a tio n  
even m ore ev id en t. In  sensitive an im als  th e  to x in  dam ages th e  function  o f th e  
u te ru s , o v a ry  an d  te s tic le  to  a large e x te n t . O n th is  basis we supposed th a t  th e  
to x in -se n s itiv ity  o f cell cu ltu res is sp ec ies-d ep en d en t. The s tu d y  of th e  b io log ­
ical effect o f F-2 to x in  encounters m a n y  d ifficu lties. O ur fo rm er in v es tig a tio n s
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F ig . 3. C alf testic le  m o n o lay e r cell cu ltu re  in  th e  6 th  h o u r a fte r t r e a tm e n t  w ith  F-2 to x in .
(H . and  E . s ta in  X 240)

F ig . 4. P a r t  of Fig. 3. T h e  nucleus o f cells d eg en e ra te d  u n d e r th e  effect o f to x in  is p y cn o tic  
o r hav in g  k a ry o rh ex is , th e ir  cy to p lasm  s ta in e d  d ark ly . (H . an d  E . s ta in  X 1400)

co n c lu d ed  defin ite ly  to  th a t  th e  se n s itiv ity  o f  anim al species varies on a large 
sca le , therefo re , th e  re su lts  of ex p erim en ts  on lab o ra to ry  an im als could n o t be 
re fe rred  to  every  species of an im als. I t  w as an o th e r d ifficu lty  th a t  th e  ex ­
a m in a tio n s  hav ing  been  perfo rm ed  on la rg e  anim als (swine, ca ttle ) needed  a 
g re a t  q u a n tity  of p u rif ie d  tox in , th e  p ro d u c tio n  of w hich was troub lesom e. 
F o r  th e  early  in v es tig a tio n s  th e  te s tic le  tissu e  of th e  tox in -sen sitiv e  species o f
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Figs 5, 6. P a r t  o f Fig. 4. (H . a n d  E . s ta in  X 1400)

anim als was th e  m ost conven ien t. I t  ap p ears  from  th e  experim en ts  th a t  th e re  
is a close co rre la tio n  betw een  the  se n s itiv ity  o f th e  m onolayer tes tic le  cell 
cu ltu re  and  th a t  o f th e  species from  w hich th e  cell cu ltu re  was p rep ared . I t  is 
in  accordance  w ith  our observations th a t  cock te s tic le  cell cu ltu res are  n o t 
dam aged  b y  th e  F-2 tox in . On th e  basis o f th e  o b ta in ed  resu lts , th e  c y to to x ic ity  
te s t  is co n v en ien t for m odel experim en t, b y  its  help  th e  sen s itiv ity  o f th e  vario u s 
species o f an im als an d  tissues against th e  F-2 to x in  can be s tu d ied  sim ply  an d  
rap id ly . W ith  th is  m ethod  we should like to  o b ta in  in fo rm atio n  re la tin g  to  th e  
m echanism  o f ac tio n  of th e  tox in .

Sum m ary

T he c y to to x ic  effect o f F-2 to x in  (zearalenone) w as stu d ied  in various m ono layer cell 
cu ltu res . T he te s tic le  cell cu ltu res p rep ared  from  a n im a l species whose sperm iogenesis is 
in h ib ited  by  th e  to x in  p ro v ed  to  be sensitive to  th e  to x in . T he tes tic le  cell cu ltu res from  a 
re s is ta n t species w ere n o t d am aged  b y  th e  to x in .

O th e r so rts  o f  cell cu ltu res  show ed no se n s it iv ity  to  th e  to x in . T he cy to to x ic ity  te s t  
is co n v en ien t fo r th e  ra p id  d e te rm in a tio n  of se n s it iv ity  to  th e  F-2 to x in  b y  various species 
o f an im als an d  tissues.
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COMPARATIVE STUDIES ON OPTIMAL CONDITIONS 
FOR ENTEROCOCCUS DEMONSTRATION*

B y

J . T a k á c s  and S . K o v á c s

C entral L a b o ra to ry  of V e terin ary  M ea t C ontrol Service (H e ad : J .  T a k á c s ) ,
B u d a p e s t

(R eceived J a n u a ry  2, 1974)

The strep tococci belonging to  L an cefie ld ’s D g roup , viz., Streptococcus 
faeca lis  and its  v a r ia n ts  Str. fa ec iu m , S tr . durans, Str. bovis an d  Str. equinus, 
a re  generally  re fe rred  to  b y  th e  co llec tiv e  te rm  “ faecal s trep to co cc i” , because 
n o rm a lly  th ey  occur in  th e  d igestive t r a c t  of m an and  w arm -b looded  anim als. 
I n  a w ider sense, how ever, th e  Str. v ir id a n s  group an d  th e  a ty p ica l Str. sali- 
varius  and  Str. m itis  s tra in s  also com e u n d e r th e  ca teg o ry  o f faecal s tre p to ­
cocci. The la t te r  tw o species occur ch ie fly  in  the  m o u th , b u t  from  th e re  th e y  
g a in  access to  th e  d igestive  tra c t  a n d  m ay  co n stitu te  a d o m in a n t com ponen t 
o f  th e  gu t flora. T h e  system atic  p o s itio n  o f th e  a ty p ica l s trep to co cc i is in te r ­
m e d ia te  betw een  th e  v iridans an d  en terococcus groups. A ccord ingly , these  
m icroorganism s are  u tilized  in food m icrob io logy  as in d ica to rs  of faecal con­
ta m in a tio n  in food p ro d u c ts  (ex cep t fo r sta le , no n -sto red  or non-processed  
food). T hey  m ay , a long  w ith  o ther m ic ro b ia l ind ica to rs, d e te c t faecal co n tam i­
n a tio n  in  food p ro d u c tio n  p la n ts , o b jec ts  and m ach in e ry  an d  in  th e  food 
p ro d u c ts  them selves, ind ica tin g  th e  in a d e q u a c y  of c lean ing , d isinfection  and  
hyg ien ic  m easures.

E x am in a tio n  o f L ancefield’s g ro u p -D  strep tococci from  th e  p o in t o f 
v iew  of food m icrobiology has show n t h a t  th e  resistance an d  g row th  p ro p ertie s  
o f  th e  species are v a riab le . Str. bovis a n d  Str. equinus are less re s is ta n t to  h ea t 
t r e a tm e n t, freezing, d ry in g  and  d is in fec tio n  th a n  th e  tru e  en terococcus g roup , 
viz. S tr. faecalis an d  i ts  v a rian ts  (S tr . zymogenes, Str. liquefaciens) ,  S tr. fa e ­
c iu m , and Str. durans.

Faecal s trep tococc i m ay also b e  u tilized  as in d ica to rs  o f th e  general 
m icrobiological q u a lity  an d  recen tly  th e y  h av e  been re p o rte d  to  p lay  a causal 
ro le in  food poisonings. F u rth e rm o re , m an y  enterococci m ay  be p re se n t in  
foods w ithou t dam ag in g  th e  h e a lth  o f  th e  consum er. T h e  aetio logical signif­
ican ce  of enterococci in  food poisonings h as  been a m a tte r  o f d isp u te , because  
no experim en ta l d isease could be p ro d u c e d  w ith  th em  in  m an . N everthe less,

* P resen ted  a t  th e  m eeting  of th e  H u n g a r ia n  M icrobiological Society  in  K őszeg, 
O c to b e r 19, 1972.
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th e re  is evidence t h a t  S tr . faecalis  and  its  v a r ia n ts  m ay  be  held  responsib le 
fo r  food poisonings u n d e r  given cond itions, th e  poisonous fa c to r  being e ith e r 
th e  liv ing  b ac te riu m  cell itse lf, or its  to x ic  m etabo lic  p ro d u c ts , especially  
ty ra m in e . Synergism  w ith  o th e r m icroorganism s m ay  be a n o th e r cause o f 
food  poisonings b y  en te ro co cci. A t all even ts, foods h av in g  en terococcus co u n ts  
ab o v e  106/m l are h a z a rd o u s  to  h u m an  h ea lth .

A lthough  on th e  b as is  o f resistance  p ro p ertie s , g ro w th  ab ility  an d  b io ­
chem ical b ehav iou r, en te ro co cc i form  a fa irly  hom ogeneous group of s tr e p to ­
cocci, th e re  are w ell d e fin eab le  q u a n tita tiv e  d ifferences be tw een  species. I t  is 
k n o w n  th a t  Str. faeca lis  a n d  its  v a ria n ts  show  th e  h ig h es t resistance , w hereas 
S tr. fa ec iu m  is co n s id e ra b ly  less re s is tan t. N evertheless, en terococci genera lly  
co rresp o n d  to  th e  c r ite r ia  estab lished  b y  S h er m a n  (1937), viz., th e y  are  
th e rm o ré s is ta n t (su rv iv in g  a 30-m inute  h e a t t r e a tm e n t a t  60 °C), can  grow  
a t  45 °C and  p H  9.6, a n d  in  m edia  co n ta in in g  6 .5%  N aCl o r 4 0%  bile. Sh e r ­
m a n ’s criteria  are  b e s t  m e t b y  Str. faecalis  an d  its  v a r ia n ts , v iz ., several s tra in s  
o f  S . faecium  and  S tr. durans  fail to  grow a t p H  9.6 or in  m edia con ta in in g  
6 .5 %  NaCl.

D em o n stra tio n  o f  en terococci is especially  im p o r ta n t  in  those cases in  
w h ich  h ea t tre a tm e n t o r p a s te u riz a tio n  are su ffic ien t to  kill E . coli I, coliform s 
a n d  Enterobacteriaceae, h u t  fail to  kill th e  m ore th e rm o ré s is ta n t s tra in s  of 
en terococci w hich th u s  m a y  becom e th e  single co m p o n en t o f th e  su rv iv in g  
m icro flo ra  along w ith  th e  spores. Cooling an d  sto rage  m eth o d s suffic ien t to  
k ill or g rea tly  red u ce  th e  m ore sensitive E . coli and  co lifo rm  organism s, b u t  
n o t  affecting  en te rococci, w hich are m ore re s is ta n t to  co ld , can  reveal th a t  
faeca l co n tam in a tio n  h a d  ta k e n  place before  freezing. In  such  cases e n te ro ­
cocci can  serve as in d ic a to rs  of th e  possible presence of o th e r  sim ilarly  re s is ta n t 
p a th o g en ic  agents, as e.g. in fections h e p a titis  v iru s, en te ro v iru ses , e tc . I f  
en terococci are n o t fo u n d , i t  can  u su a lly  be accep ted  th a t  pathogen ic  or 
fa c u lta tiv e ly  p a th o g en ic  Enterobacteriaceae are  ab sen t as well. T hus, th e  
d e tec tio n  of en te rococci is o f p a r tic u la r  im p o rtan ce  in  th e  case of b a b y  
foods.

As the species be lo n g in g  to  th e  en terococcus g roup  art; fa irly  he te rogene­
ous in  respect of c e r ta in  p ro p ertie s , th e ir  re liab le  d e m o n s tra tio n  and  ev a lu a tio n  
is ham p ered  by  v a rio u s  d ifficu lties. I t  th ere fo re  seem ed im p o r ta n t  to  es tab lish  
th e  o p tim al co n d itions o f  iso lation  an d  p ro p ag a tio n  b y  co m p ara tiv e  e x a m in a ­
tio n s  o f Str. faecalis  a n d  i ts  tw o  v a r ia n ts  (v. zym ogenes an d  v . liquefaciens), 
a n d  Str. faecium  a n d  S tr . durans. I t  is know n th a t  s trep to co cc i o th e r th a n  
th e  above can also grow  o u t i f  less selective m edia  are u sed , w hereas in  h ig h ly  
selec tive  m edia th e  g ro w th  of th e  less re s is ta n t en terococci, above all o f Str. 
fa e c iu m , is supp ressed . T h e  d em o n stra tio n  of those  en terococci w hich su rv iv e  
h e a t  tre a tm e n t an d  o th e r  techno log ical processes depends on th e  degree o f 
shock , th e  b ac te riu m  cells are in ju red  by  th e  shock an d  th u s  can n o t grow  in
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th e  p resence of b a c te rio s ta tic  com ponen ts in  th e  m ed ium . In  tho se  cases in  
w hich no G ram -nega tive  m icroorgan ism s ex cep t en terococci are  ex p ec ted  to  
su rv iv e , th e  iso la tion  m edium  of choice is b lood  agar free from  grow th  in h ib ito r .

Experimental

M aterial. L iqu id  and solid  m edia were used in  th e  co m p ara tiv e  s tu d ies  
as show n below .

A) L iq u id  media

B ro th , co n ta in in g  sodium  azide and  glucose, fo rm ula  I  (Ma l l m a n n  and  
S e l i g m a n n , 1950)
F o rm u la  I  -f- 0 .0 0 3 %  b ro m o th y m o l b lue ( R a j , 1969)
B ro th , co n ta in in g  sodium  azide an d  glucose, fo rm ula  I I  (H a n n a y  an d  N or­
t o n , 1947)
L its k y —M ailm an’s b ro th  (L it s k y  e t ah , 1955)
SA E  b ro th  (P u sz ta i, 1969)
B ro th , co n ta in in g  m altose an d  sodium  azide ( K e n n e r  e t a h , 1961)
A com m on  b roth  o f  uniform  com p osition  (basal m ed iu m , T a k á c s , 1960) w as  
u sed  as reference m edium  th rou gh ou t.

B) Solid  media

P a c k e r’s ag ar ( P a c k e r , 1943)
M altose-azide ag ar ( K e n n e r , e t  ah , 1961)
S z ita ’s ag ar (S z ita , 1957)
Z A T K -agar ( R e u t e r , 1968)
B a rn e s ’ ag ar (B a r n e s , 1956)
S la n e tz —B a rtle y ’s agar (Sl a n e t z  and  B a r t l e y , 1957)
S E -a g a r (R a j , 1969)
T hallium -acetate-T T C -g lucose  ag a r (B a r n e s , 1956)
K an a m y c in  ag a r (H a r t l e b , 1969)
TTC -glucose agar (Th a t c h e r  an d  C l a r k , 1968)
A com m on  agar o f  uniform  com p osition  (basa l m ed ium , T a k á c s , 1960) was 
u sed  as reference m edium .

C) Enterococci strains u sed  in  th e com p arative  stu d ies:

0 1  O K I 80 171 Str. faecalis v. faecalis  
K 1 K iel 21 009 Str. faecalis v. faecalis
0 2  O K I 80 172 Str. faecalis v. liquefaciens 
J 4  S ara jevo  ЗА Str. faecalis v. liquefaciens
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K 2 K ie l 293 Str. faeca lis v . zymogenes 
L4 NCTC 8176 Str. fa eca lis  v. zymogenes 
0 4  O K I 80 174 Str. durons  
L6 NCTC 8307 Str. durons  
L5 NCTC 7379 Str. fa e c iu m  
J 5  S ara jevo  T  70 C S tr. fa ec iu m

Stra ins used as controls :

ATTC 6538 Staph, aureus  
A TTC 9637 E . coli 
ATTC 6633 B. subtilis

M ethod

Before use th e  en te rococcus s tra in s  w ere carried  th ro u g h  several p a s ­
sages in  th e  hasal m ed iu m . One loopful (loop, 3 m m  in  d iam ete r) of th e  la s t 
passag e  was in o cu la ted  in to  basa l m ed ium  an d  in c u b a te d  fo r 24 —48 hours. 
D ec im al dilu tions w ere p re p a re d  w ith  one m l o f th is  c u ltu re  (1 m l b ro th  
c u ltu re  - f  9 ml p ep to n e -co n ta in in g  saline) u p  to  10“ 12. O ne m l of each of th e  
d ilu tio n s  ranging  from  1 0 “ 5 to  10 12 w as in o cu la ted  in to  th e  liqu id  m edia 
lis ted  above (10 m l m ed iu m  was used for in o cu la tio n  th ro u g h o u t) , and  th e  
cu ltu re s  were in c u b a te d  fo r 24 —48 hours a t  37 °C. F in a l read ings w ere m ade 
a f te r  48 hours.

T he inoculum  fo r so lid  m edia w as p ro d u ced  as above , and  th e  sam e 
d ilu tio n  range was u sed . S tre a k  p la tes w ere p rep a red  w ith  0.1 m l from  each 
d ilu tio n . The resu lts  w ere  read  a fte r in c u b a tio n  o f th e  p la te s  for 48 hours 
a t  37 °C.

R esults

C ulturing  resu lts  in  16 d ifferen t liq u id  and  solid m ed ia  and  in  th e  liqu id  
a n d  solid basal m edia  a re  sum m arized  in  T ab le  I , w hich also includes th e  d a ta  
o b ta in e d  in  th e  o p tim a l cu ltu rin g  m edia.

T able I  in  w hich  th e  resu lts  are  p re sen ted  co m p ara tiv e ly , c learly  shows 
t h a t  am ong th e  liq u id  m ed ia  te s ted , th e  0 .003%  b ro m o th y m o l b lu e -co n ta in ­
in g  sodium  azide-glucose b ro th  proved  to  be m ost su itab le  for en terococcus 
d em o n stra tio n . All en te rococcus species grew  well an d  reach ed  th e  h ighest 
t i t r e s  in  th is  m edium .

O ptim al in h ib ito ry  effect was fo u n d  in  th e  S A E -b ro th , in  w hich n e ith e r 
S taph , aureus no r E . coli was able to  grow . Staph, aureus also failed  to  grow 
in  th e  L itsk y — M ailm an  b ro th , w hereas th e  g row th  o f  E . coli was scarcely  
suppressed . The 0 .0 0 3 %  b ro m othym ol b lue  co n ta in in g  sodium  azide-glucose
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Table I

C u ltu rin g  re su lts  in d iffe ren t liqu id  an d  solid m ed ia  
a n d  in  th e  liq u id  a n d  solid b asa l m edia

Strains
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B asal m edium  
(liquid) 1 2 ** 10 и l i 10 9 8 8 8 9

N a-azide b ro th  I 12 12 i l l i 10 9 10 9 9 9

N a-azide b ro th  I I 12 12 и i l 10 10 10 9 9 -

N a-azide b ro th  111 10 10 9 12 11 12 10 10 8 8

L itsk y —M allm ann’s 
b ro th 12 12 11 11 10 10 9 8 9 9

SAE b ro th 12 9 11 11 9 10 9 10 9 7

M altose-azide b ro th 12 12 11 11 9 9 10 10 9 9

B asal m edium  
(solid) 9 9 8 9 9 11 8 9 9 9

P acker’s agar 8 9 8 9 9 10 8 8 9 8

M altose-azide agar 9 9 8 9 11 11 — — 9 -

S zita’s E ß7 agar 9 9 9 9 9 11 7* 9* 9* 8 *

ZATK ag ar 10 9 9 9 9 11 — — 9 -

B arnes’ ag ar 9 9 8 9 9 11 — 8 9 -

Slanetz —  B artley ’s 
agar 10 9 9 9 9 11 — 9 —

SE -agar 8 8 8 9 9 8 8 8 9 9

T hallium  aceta te- 
TTC-glucose agar 9 8 8 9 9 11 — — 9 —

K anam ycin  agar 8 8 8 8 8 8 - 8 9 9

TTC-glucose agar 9 9 8 9 9 11 — 9 —

E x p la n a tio n : ** G erm  c o u n ts  expressed  as base-10 lo g arith m ic  values 
* co lo n y  fo rm atio n  n o t ch arac te ris tic  

— no o u tg ro w th

b ro th  h ad  no o u ts ta n d in g  in h ib ito ry  p ro p ertie s , b u t  could  be  v e ry  easily  p re ­
p a red  w hich is im p o r ta n t in  ro u tin e  w ork  an d  furn ished  fav o u rab le  cond itions 
for an even, read y  g ro w th  o f  all en terococcus stra in s .

A m ong th e  solid m ed ia  P a c k e r’s ag a r p roved  to  be th e  m ed ium  of choice 
for en terococcus d e m o n s tra tio n ; th is  w as th e  only  m ed iu m  on w hich  all 
exam ined  en terococcus s tra in s  w ere ab le to  grow.

B o th  Str. fa ec iu m  s tra in s , b u t  especially  th e  one d es ig n a ted  J5  S ara jevo  
T 70, e ith e r failed  to  grow  o r d id  n o t grow  c h a rac te ris tic a lly  on m altose-azide
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Table II

T ests reco m m en d ed  fo r th e  id en tific a tio n  of en terococci

S , r .
fa ec a lis

va r .
fa eca lis

S tr .
faecalis  
var . zy ­
mogènes

S tr .
faeca lis

v a r .
lique-

fa c ie n s

S tr .
fa ec iu m

S tr .
d urans

S tr .
bovis

S tr .
equinus

G ro w th  a t  45 °C + + + + +
G ro w th  a t  50 °C — - — + + / - — —
G ro w th  a t  p H  9.6 + + + + + — —
G ro w th  in  presence of 6 .5%  

NaCl + _L + + + _ _
G ro w th  in presence of 40%  bile + + + + + +
S u rv iv a l a t 60 °C for 30 m in + + _L_ + 4- — —
R ed u c tio n  of TTC + + -I- — + / - + / - —
L iq u efac tio n  of gelatine — - / + + — — — —
G ro w th  in m edium  co n ta in in g  

0 .0 5 %  K -tellurite + + + — _ _ —

D ecom position  of sorbitol + + + + / - — - —
D ecom position  of arabinose — — — + — - / + —

Sym bols used: - f  p o s itiv e ; — n e g a tiv e ; + / — changing , ch iefly  p o sitiv e ; —/-j- ch an g ­
ing , ch iefly  negative

ag a r, S z ita ’s agar, ZA TK  ag ar, B arn es’ agar, S lan e tz— B a r tle y ’s m edium  th a l ­
liu m  acetate-T T C -glucose ag a r an d  TTC-glucose ag a r, developing  on ly  on 
k a n a m y c in  agar, SE  ag a r an d  P a c k e r’s agar.

T he Str. durans  s tra in s  d id  n o t grow on m alto se-az ide  agar, ZATK ag ar, 
S la n e tz — B artley ’s ag a r, th a lliu m  acetate-T T C -glucose m edium  and TTC- 
glucose m edium .

The req u irem en t o f  food m icrobiology, viz., t h a t  th e  m edium  shou ld  
s u p p o r t th e  g row th  o f all en terococcus s tra in s  w as m et o n ly  b y  P ack e r’s ag ar 
a n d  th e  SE agar. S ince, h o w ev e r, th e  SE ag ar does n o t co n ta in  any  in h ib ito r , 
i ts  use should be co m p le ted  b y  th e  oxacillin  te s t.

Discussion

On the  basis o f c o m p a ra tiv e  stud ies, sodium  azide-glucose b ro th  co n ­
ta in in g  0.003%  b ro m o th y m o l b lue  is recom m ended as th e  op tim a l en rich m en t 
g roup . S treak  p la tes  from  th is  cu ltu re  should  be p re p a re d  on P ack e r’s ag ar 
m ed ium  to  confirm  th e  d iagnosis. The in cu b a tio n  tim e  is 2 4 —48 hou rs  a t 
35— 37 °C. This p ro ced u re  shou ld  be em ployed  in  in v es tig a tio n s  aim ed  a t  
exclusion  of th e  p resence  o f enterococci.
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T h e c rite ria  o f c lassifica tion  in to  th e  enterococcus g roup  are  am ong  
o th e rs  g ro w th  ab ility  in  th e  above tw o  m edia , th e  fo rm atio n  o f ch a in s  con­
sisting  o f  4 — 5 strep tococci, e longa te  in  th e  axis of th e  ch a in , on  P a c k e r ’s 
ag ar a n d  n eg a tiv e  ca ta lase  reac tio n  of th e  colonies.

T h e  above crite ria  an d  h e a t re s is tan ce  te s t  fo r 30 m inu tes a t  60 °C h a v e  
u su a lly  b een  su ffic ien t for ro u tin e  id e n tif ic a tio n  o f enterococci. H o w ev er, 
c lass ifica tio n  and  p roper id en tif ic a tio n  req u ire  th e  perfo rm ance o f  all te s ts  
lis ted  in  T ab le  I I .

Sum m ary

In  food  m icrobiology, enterococcus d em o n s tra tio n  h as chiefly  served  as an  in d ic a to r  
o f faecal co n tam in a tio n . H ow ever, en terococcus s tra in s , above all Str. fa eca lis , h a v e  sev era l 
tim es  b een  fo u n d  to  be responsib le fo r food spoilage an d  cau sa tio n  of e n te ric  d isease.

T he va rio u s species o f enterococcus d iffer considerab ly  in  respec t o f re s is tan c e , b io ­
chem ical p ro p e rtie s  and  grow th  ab ility  on  se lective  and o th er m edia. C o m p ara tiv e  s tu d ies  
w ere p e rfo rm ed  on 6  liqu id  and  10  solid m edia  recom m ended  for th e  c u ltiv a tio n  of e n te ro ­
cocci, to  f in d  th e  m o st su itab le  m ed ium  fo r iso la tion .

A m ong  th e  liq u id  m edia te s te d , th e  sod ium  azide-glucose en rich m en t m ed iu m  con­
ta in in g  0 .003%  bro m o th y m o l blue p ro v ed  to  be  th e  m edium  of choice, w hereas am ong  th e  
solid  m ed ia  P a c k e r’s ag ar was fo u n d  to  be th e  b es t. O p tim al cu ltu rin g  re su lts  w ere o b ta in e d  
in  b o th  m ed ia  on in cu b a tio n  for 24— 48 h o u rs  a t  35— 37 °C.
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SEROLOGICAL EXAMINATION 
OF E. COLI STRAINS ISOLATED FROM CALVES

B y
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D e p a rtm en t o f  E p iz o o to lo g y  (H ead : J. M é sz á r o s),
U n iv ersity  o f V e te rin a ry  Science, B u dapest

(R eceived  J a n u a ry  14, 1974)

E n te ric  d iseases are know n to  cause g rea t losses in  large-scale  c a ttle  
stocks. In  H u n g a ry , th e  c o u n try  average  o f losses am ong less th a n  tw o w eek 
old calves v a ried  betw een  5.2 to  6 .8 % , an d  57.1 to  72 .4%  o f th e  d e a th s  w ere 
due  to  en teric  d iseases, above all to  E . coli d iarrhoea  ( M é s z á r o s , 1972).

A p a rt from  p red isposing  fac to rs , v a rio u s se ro ty p es o f E. coli hav e  a g re a t aetio log ica l 
significance in  E. coli d iarrhoea. A lth o u g h  th e  n u m b er and  d is tr ib u tio n  of th e  p a th o g en ic  
se ro ty p es varies b y  coun tries , generally  on ly  a few  ty p es  are in vo lved  in  th e  aetio logy . 
Al d á sy  (1955, 1959) iso la ted  chiefly  s tra in s  belonging  to  serogroups 0 9 , 0 4 1 , 0 7 8  an d  O lO l 
fro m  th e  carcases o f calves died  o f E. coli d iarrh o ea . O th e r a u th o rs  en co u n tered  p a r t ly  th e  
fo rm er О groups, p a r tly  o thers , viz. W ram by  (1948) fo u n d  0 1 5 , 0 8 :  K20 an d  0 9 :  K 30; U lb r ic h  
(1954) 0 9 , 0 8 , an d  0 7 8 , th e  an tigens K 7, K 14 a n d  K 30 w ith in  th e  serogroup 0 9  an d  e ith e r K l l  
o r K 56 w ith in  serogroup 0 8 ;  F e y  (1957a, b) g roups 0 7 8 : K80, 0115  a n d  0 8 6 ; D am (1960) 
th e  groups 0 7 8 ; Gu in é e  (1963) g roups 0 1 5 , 0 8  an d  0 9 ;  Go sslin g  e t a l. (1964) g ro u p s 0 9 , 
O lO l an d  0 1 5 ; So jk a  (1965) g roups 0 8 , 0 1 5  a n d  0 2 6 ;  Sö d e r lin d  (1965) g roups 0 7 8 , 0 1 5  
an d  0 1 1 5 ; W il l in g e r  an d  Ma th ois  (1965) g roups 0 7 8 , 0 9  and  0 1 5 ; R a d o m in sk i a n d  K o n - 
RACKi (1967) groups 0 9 , O lO l an d  0 7 8 ; Glantz  e t a l. (1962) groups 01 1 7  an d  O lO l; Manz 
(1971) groups 0 7 8 , 0 8  an d  0 2 0 . S tra in s iso la ted  in  H u n g a ry  from  diseased  calves h av e  n o t 
been  ex am ined  fo r К  antigens.

I t  seem ed therefo re  w o rth -w h ile  to  exam ine th e  d is tr ib u tio n  an d  fre ­
q u en cy  of occurrence of О a n d  К  an tig en s in  those  E . coli s tra in s  w hich  h av e  
re c e n tly  been responsib le  for disease o f calves in  H u n g ary .

Materials and Methods

A to ta l  o f 288 s tra in s  w ere iso la ted  from  carcases of 117 suckling  calves? 
o rig in a tin g  from  91 large-scale farm s. A ll calves died e ith e r a t ,  or u n d e r, tw o 
w eeks of age. Iso la tio n  was u su a lly  a t te m p te d  from  th e  m ucosa o f th e  sm all 
in te s tin e  an d  from  m esenteric  ly m p h  nodes; from  organs on ly  in  tho se  cases 
in  w hich  th e re  w as suspicion o f sep ticaem ia . T he g rea te r p a r t  o f th e  s tra in s  
w ere iso la ted  in  th is  lab o ra to ry , th e  o th ers  w ere received th ro u g h  th e  co u rte sy

* On leave from  th e  V e te rin a ry  L a b o ra to ry  a n d  R esearch  In s t i tu te ,  M in istry  o f A gri­
c u ltu re , D O K K I, Cairo, U .A .R .
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of th e  V e te rin a ry  I n s t i tu te ,  M iskolc, an d  th e  C en tra l V e te rin a ry  In s t i tu te ,  
B u d ap est.

T he iso lates w ere id e n tif ie d  on th e  b asis  o f b iochem ical p ro p erties , and  
th e  presence of О a n d /o r К  an tigens, using  K a u f f m a n n ’s (1966) m ethod . B io­
chem ically , th e  s tra in s  w ere  te s ted  for n i t r a te  red u c tio n , lac tose  fe rm en ta tio n , 
u rease , indo l and  h y d ro g e n  sulphide p ro d u c tio n , p o sitiv e  V oges— P ro sk au e r 
and  m eth y l red  re a c tio n , c itra te  u tiliza tio n , an d  liq u e fac tio n  of gelatine. T he 
0  an tigens were d e m o n s tra te d  b y  m eans o f 57 О an d  O K  sera, viz. 0 2 -0 5 , 0 7 - 
OlO, O i l ,  0 1 3 , 0 1 5 , 0 1 7 , 0 2 0 , 0 2 1 , 0 2 3 , 0 2 5 , 0 2 8 , 0 4 1 , 0 4 4 , 0 5 6 , 0 6 9 , 
0 7 5 , 0 7 8 , 08 6 , 0 9 3 , O 101, 0 1 1 1 —0 1 1 3 , 0 1 1 5 — 0 1 1 7 , 0 1 1 9 , 0 1 2 4 — 0 1 2 6 , 
0 1 2 8 , 0 1 3 6 —0 1 3 9 , 0 1 4 1 — 0157.

As to  К  an tig en  d e te rm in a tio n , all k n o w n  K  sera  (1— 94) w ere a t  our 
d isposal excep t K 65, K 90  an d  K92. B o th  О an d  K  sera  w ere p roduced  w ith  
s ta n d a rd  E . coli ty p e  s tra in s , supplied from  th e  N a tio n a l In s t i tu te  o f P u b lic  
H ea lth , B u d ap est, an d  from  th e  In te rn a tio n a l E scherich ia  C entre, C open­
hagen .

0  groups w ere d e te rm in e d  w ith  h e a te d  an tig en s, К  an tigens w ith  live 
cu ltu res , f irs t b y  slide te s t ,  th en  by  t i t r a t io n  in  tu b es . In  th e  slide a g g lu tin a ­
tio n  b o th  0  and  K  se ra  w ere  used in a pooled  form . T he К  pools were p rep ared  
b y  th e  m eth o d  o f E w i n g  e t  al. (1956), s lig h tly  m odified  b y  us. F o r p ro d u c tio n  
of О an d  К  an tig en s, th e  stra ins w ere c u ltiv a te d  on th e  D , 5 m ed ium  of 
S c h l e c h t  and  W e s t p h a l  (1966), co n ta in in g  0 .1 %  glucose.

T he 0  and  К  a n tig e n s  of th e  iso la tes w ere reg a rd ed  as iden tified  i f  th e  
s tra in  u n d e r s tu d y  w as a g g lu tin a te d  up  to  th e  t i t r a t io n  end  po in ts  o f th e  co r­
respond ing  0  an d  K  se ra .

Results

T he b iochem ical p ro p ertie s  and  th e  g roup ing  o f th e  iso lates are  show n 
in  T ab le  I . All iso la tes  e x c e p t tw o could be  classified  in to  th e  genera Escheri-

ТаЫе I
B io c h e m ic a l  properties* o f  the  iso la tes

G enus
N o. o f 
s tra in s N it ra te Lactose In d o l U rease G elatin H 2S

n h 4-
c itra te

Voges-
P ros-
k a u e r

M eth y l
red

Escherichia 2 63 + + + — — — — — +
(4 + ) (4 + ) (1 6 + ) (5 + )

Klebsiella 15 + + — + — — + + —

Proteus 8 + - + + + + + — +
( 3 - - ) (2 - )

* The f igures in b r a c k e t s  indicate the  n u m b e r  o f  strains b eh a v in g  d ifferently  as char­
acter ist ic  o f  the  ty p e
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chia, K lebsiella  or Proteus. The overw helm ing  m a jo rity  o f th e  263 E . coli s tra in s  
show ed th e  b iochem ical reac tions c h a ra c te r is tic  of th e  genus, b u t  a few s tra in s  
re a c te d  d iffe ren tly  in  ce rta in  te s ts , p ro d u c in g  u rease, or H 2S, liquefy ing  gela­
tin e , o r grow ing  in  c itra te  m edium . T h e  Klebsiella  s tra in s  show ed th e  c h a ra c ­
te ris tic  b iochem ical reac tions w ith o u t ex cep tion , th e ir  colonies w ere all m a rk ­
ed ly  m ucous an d  th e ir  ex te rn a l ap p ea ran ce  w as in  every  resp ec t s im ilar to  th e  
colonies o f E . coli b ac te ria  con ta in in g  K (A ) an tigen . E ig h t iso lates w ere fo u n d  
to  belong  to  th e  Proteus genus, five  b e ing  iden tified  as Proteus vu lg aris  an d  
th ree  as Proteus m irabilis.

D a ta  on th e  an tigen ic  p a tte rn s  o f th e  E . coli s tra in s  are show n in T ab le  
I I .  O f th e  s tra in s  id en tified  b iochem ica lly  as E .c o li , 150 (57% ) w ere ty p e a b le  
w ith  th e  57 О an d  O K  sera lis ted  above. T h e  groups O101, 0 2 0 , 0 4 1 , 0 8  an d  
0 7  w ere en co u n te red  m ost fre q u e n tly  an d  excep t fo r tw o  s tra in s  th e  E . coli 
iso la tes belonged  to  11 О groups. A ll colonies of s tra in s  O101 and  0 4 1  an d  
p a r t  of th e  colonies of s tra in s  0 8  an d  0 9  h a d  a m ark ed ly  v iscuous and  m ucoid  
ap p earan ce . In v e s tig a tio n s  in to  th e  К  an tig en s  have rev ea led  th a t  these  s tra in s

Table II

О an d  К  an tig en s of Escherichia coli s tra in s  iso lated  from  suckling  calves

0  a n tig e n No. o f  s tra in s К  a n tig en No. o f s tra in s No. o f s tra in s  w ith  u n id en ­
tif iab le  К  an tig en

OIO l 50 K28(A) 17 17 K(A)

K30(A) 16

0 2 0 19 19

041 13 13 K(A)

0 8 12 K28(A) 5

K71(B) 5 2

0 7 12 12

0 2 1 9 9

0 2 3 9 9

01 5 3 8 K71(B) 2 6

0 9 7 3 K(A)

4

0 7 8 6 K80(B) 6

0 7 5 3 K  — 1

2

0 1 7 1 1

0117 1 K15(L) 1

T otals 150 (57% ) 52 (34.6% ) 98 (65 .4% )

. N a tu re  o f К  an tig en  u n d e te rm in ed  
К —, К  an tig e n  lacking
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c o n ta in  K(A) an tig en s . T he m a jo rity  of th e  s tra in s  belonging to  serogroup 
O101 co n ta ined  one o f tw o K(A ) an tig en s , e ith e r  K 28 or K 30, a t ro u g h ly  
id e n tic a l p ro p o rtio n s, w hereas th e  rem ain in g  s tra in s , a lth o u g h  these  also bore  
a th e rm o stab le  su rface  an tigen , w ere n o t ty p e a b le  w ith  an y  o f th e  know n 
K (A ) sera. A p a rt fro m  th e  s tra in s  O101, K (A ) an tig en  also occurred  in  s tra in s  
0 8 , 0 4 1  and  0 9  b u t  o n ly  th e  K (A ) an tig en  o f som e 0 8  s tra in s  could be id e n ti­
f ied , as 0 8  : K 2 8 (A ).T h e  o th e r p a r t  o f th e  s tra in s  classified  on th e  basis o f 
О an tig en s bore e ith e r  K (B ) or K (L ) an tig en , viz. p a r t  o f th e  s tra in s  0 8  an d  
0 1 5 3  th e  an tigen  K 71(B ) and  all s tra in s  0 7 8  bore  K 80(B ). K (L ) an tigen  could  
o n ly  be id en tified  in  a single s tra in , in  th e  com bination  0117  : K 15(L ). 
A lth o u g h  except fo r a single s tra in  0 7 5  : K - all E . coli iso la tes iden tified  b y  
th e ir  О an tigen  c o n ta in e d  some k in d  of К  an tig en  (being inag g lu tin ab le  w ith  
th e  hom ologous O sera  in  th e  liv ing  s ta te ) , th e  la t te r  could  be d e te rm in ed  
o n ly  in  34.6%  o f th e  s tra in s .

L ike in  th e  О an tig en  d e te rm in a tio n s , several s tra in s  w ere found  to  
cro ss-react w ith  v a rio u s  K  sera b u t  th e  c ross-reaction  titre s  never reached  th e  
e n d  t i t r e  of th e  serum .

D iscussion

The m a jo rity  o f th o se  E . coli s tra in s  w hich  cause disease in  suckling calves 
fo rm  in tra n sp a re n t m ucoid  colonies on solid  m edium . T he b iochem ical p ro p ­
e rtie s  o f a few s tra in s  differ from  th o se  g en era lly  ch a ra c te ris tic  o f th e  genus.

S tra in s belong ing  to  serogroups O lO l, 0 2 0 , 0 4 1 , 0 8  an d  0 7  are re sp o n ­
sib le for disease in  calves m ost f re q u e n tly  b u t  s tra in s  of o th e r  serogroups, such  
as 0 2 1 , 0 23 , 0 1 5 3 , 0 9  and  0 7 8  could  also be found. T he iso la tes were fo u n d  
to  b e a r  К  an tig en , a lm o st h a lf  o f th e m  K (A ), occurring  ch iefly  in  th e  p a tte rn s  
O lO l : K28(A), O lO l : K30(A) or 0 8  : K 28(A ). Some s tra in s  o f o th e r О sero ­
g roups bearing  th e rm o sta b le  an tig en , p ro b a b ly  K (A ), w ere also found . T h e  
o th e r  p a r t  of th e  s tra in s  bore e ith e r  K (B ) or K (L ) an tig en  m o st of th ese  a n ti­
gens, how ever, cou ld  n o t be id en tified .
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Summary

Two h u n d re d  a n d  e ig h ty -e ig h t coliform  s tra in s , iso lated  from  carcases of 117 calves 
d ied  of E . coli d ia rrh o e a  in  91 large c a tt le  fa rm s , w ere exam ined  fo r biochem ical b e h av io u r 
a n d  О and  К  an tig en s. F ifty -sev en  E . coli О a n d  O K  sera were used  for d e te rm in a tio n  o f 
О an tigens an d  a ll (1 — 94), excep t th re e  E. coli K  sera  fo r d e te rm in a tio n  of К  an tig en s.
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On th e  basis o f biochem ical ex am in a tio n s , 263 iso lates w ere iden tified  as E . coli, 15 
as Klebsiella, 5 as Proteus vulgaris, 3 as P . m irab ilis . T he rem ain in g  tw o  stra in s  could n o t  be  
classified  in to  th e  above  genera. The g re a te r  p a r t  of th e  E . coli s tra in s  show ed th e  b io ch e m ­
ical beh av io u r gen era lly  characteris tic  o f th e  genus, b u t  a few s tra in s  beh av ed  d iffe ren tly  
in  ce rta in  reactions.

A to ta l  of 150 s tra in s  (57% ) could be  classified  in to  О groups w ith  th e  availab le  ra n g e  
of sera. T he g rea te r p a r t  of th e  stra ins be lo n g ed  to  th e  serogroups O101, 0 2 0 , 0 4 1 , 0 8  a n d  07,. 
w hereas th e  g roups 0 2 1 , 0 2 3 , 0153 0 9  a n d  0 7 8  w ere re la tiv e ly  ra re .

All serologically  iden tified  stra in s , e x c e p t one, were fo und  to  b e a r  К  an tigen . A lm o st 
h a lf  o f th e  s tra in s  bo re  th e  an tigen  K(A), o ccu rrin g  in p a tte rn s  O lO l : K 28(A ), O lO l : K 30(A ) 
a n d  0 8  : K 28(A ), b u t  n o t nearer id en tifiab le  th e rm o sta b le , p ro b a b ly  K(A ) an tig en s w ere  
also found  in s tra in s  belonging to serogroups 0 9  an d  0 4 1 . The o th e r  p a r t  of th e  s tra in s  p o s­
sessed e ith e r K (B ) o r K (L ) antigens, as a  ru le  in  th e  p a tte rn s  0 8  : K 71(B ), 0153  : K 71(B ), 
0 7 8  : K 80(B ) and  0 1 1 7  : K15(L).
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THE IMPORTANCE AND HISTOPATHOLOGY 
OF HYPOTHALAMIC CHANGES 

IN ANIMALS INOCULATED INTRACEREBRALLY 
WITH HŐGYES’ FIXED STRAIN OF RABIES VIRUS

By

D. K a r a s s z o n

N a tio n a l In s t i tu te  o f P ub lic  H e a lth  (G en era l D irecto r: B. T ó t h ) ,  B u d ap est 
(R eceived J a n u a ry  30, 1974)

D eta iled  in fo rm a tio n  a b o u t th e  n o rm al a n d  pa th o lo g ica lly  a lte red  fu n c tio n s o f th e  
h y p o th a la m u s h a s  ch iefly  b een  ob ta in ed  from  s te re o ta c tic  s tim u la tio n  experim en ts  ( H e s s , 
1954, 1956). In v e s tig a tio n s  w ith  electric  s tim u la tio n , e lec trocoagu lation , various ch em ica l 
s tim u lan ts  as w ell as u l tra s t ru c tu ra l  stud ies an d  re sea rc h  on v eg e ta tiv e  fu n c tio n s, en d o crin ie  
m echanism s a n d  b e h av io u ra l reac tio n s have  co m p le ted  th e  general know ledge of n e o p la s tic , 
tra u m a tic , to x ic  a n d  in fla m m a to ry  diseases o f th e  h y p o th a la m u s ( K l a g e s , 1960).

In  th e  course o f  s tud ies on th e  p a th o g en esis  o f exp erim en ta l in fec tio n  
of an im als w ith  H ogyes’ fix ed  s tra in  o f rab ie s  v iru s , i t  w as soon realized  t h a t  
th e  h y p o th a la m u s  becom es m ore affec ted  th a n  o th e r p a r ts  of th e  c e n tra l 
nervous sy stem . F u r th e r  s tu d y  of th is  p h en o m en o n  was supposed  c o n tr ib u te  
to  th e  p a th o g en esis  o f rab ies as well as to  th e  pathop h y sio lo g y  of th e  h y p o ­
th a lam u s.

M aterials and  M ethods

V irus. M ateria l from  th e  2194th ra b b i t  b ra in  passage of H ogyes’ fix e d  
s tra in  of rab ie s  v iru s  w as k ind ly  supplied  b y  th e  P h y lax ia  Biologicals an d  
F eedstu ffs  Co., B u d ap est. T he freeze-dried r a b b i t  b ra in  w as m ade up  to  o b ta in  
a 10%  suspension  in  d istilled  w ater and  w as ad m in is te red  in trace reb ra lly  to  
ex p erim en ta l an im als in  doses of 0.02 (m onkeys, rab b its ) o r 0.01 m l (m ice, 
ham sters). T he sheep b ra in s  were supp lied  from  th e  vaccine p ro d u c tio n  lo ts  
of P h y lax ia . T h e  v iru s  c o n te n t of th e  basic  m a te ria l w as 10e in tra c e reb ra l 
m ouse L D S0/g.

E xperim en ta l an im als. The rhesus m o n k ey , sheep an d  albino m ouse 
b ra in s o rig in a ted  from  earlie r stud ies ( K a r a s s z o n , 1969, 1970, 1971). In  a d d i­
tion , five S y rian  gold h am ste rs  and  five ra b b its  w ere in fec ted  in trace reb ra lly , 
using th e  te c h n iq u e  p rev io u sly  rep o rted . All ex p erim en ta l an im als o rig in a ted  
from  th e  s to ck  o f  th e  N a tio n a l In s ti tu te  o f  P u b lic  H ea lth .

H istological preparations. B rain  an d  sp in a l cord o f anim als sp o n ta ­
neously d ied  or k illed  in  a ce rta in  phase o f th e  illness were fixed  in  10%  fo rm alin  
solu tion  an d  em b ed d ed  in  p ara ffin . F ro n ta l ( tran sv e rsa l)  1 0 —30 fi th ick  sec­
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tio n s  w ere c u t an d  s ta in e d  w ith  h a e m a to x y lin  and  eosin, ch rom alum -gallo - 
cy an in , v an  G ieson’s te ch n iq u e  and L u x o l fa s t blue. Care w as ta k e n  th a t  th e  
sec tions include areas o f th e  an te rio r, m id d le  and  posterio r p a r ts  o f th e  h y p o ­
th a la m u s .

R esu lts

M onkey. The rh esu s m onkeys d ied  w ith  ch a rac te ris tic  sy m ptom s o f rab ies  
on  in tra c e reb ra l in fec tion  show ed a c u te  in fla m m a to ry  changes in  th e  h y p o ­
th a la m u s  (F ig. 1).

On th e  basa l surface o f the  b ra in  th e  areas su rround ing  th e  h y p o th a la m u s  
w ere w idened ow ing to  serous-cellu lar in f iltra tio n , an d  th e  vessels in  th e se  
a reas  h a d  m ark ed ly  d is ten d ed  lum ina .

Sections from  th e  an te rio r p a r t  o f  th e  h y p o th a lam u s show ed m ark ed  
v a sc u la r  changes. E sp ec ia lly  th e  sm all vessels and  cap illaries w ere d is ten d ed , 
w ith  swollen en d o th e lia l cells and a c tiv a te d  ad v en titia l cells. A c tiv a tio n  w as 
m an ifested  b y  a m ark ed  m ito tic  a c t iv i ty ;  p erivascu lar in filtra tio n  d id  n o t 
ta k e  place.

T he te x tu re  o f th e  b ra in  tissue  becam e loose in  th e  p e riv ascu la r areas 
a n d  a round  th e  th ird  ven tric le .

A diffuse m icroglial p ro lifera tion  w as found  n earb y  th e  vessels. G lia cell 
foci w ere ra re ly  encoun tered .

N erve cell lesions w ere chiefly  fo u n d  in  th e  su p rao p tic  and  p a ra v e n tr ic ­
u la r  nuclei. Less p ro n o u n ced  d eg en era tiv e  changes, such as h y p erch ro m asia , 
sh ru n k en  nuclei an d  cy top lasm ic v acu o liza tio n  occurred  in  a lm ost all g roups 
o f  h y p o th a lam ic  nuclei. In  places g lia  cells m ade appearance  a ro u n d  th e  
d eg en era tin g  nerve  cells, b u t n eu ro n o p h ag ia  could n o t be observed.

Sections cu t in  level w ith  th e  tu b e r  show ed ac tiv a tio n  of en d o th e lia l and  
a d v e n titia l cells, p e riv a scu la r edem a, m ild , diffuse m icroglial p ro life ra tio n  and  
d eg en era tin g  nerve  cells. Some of th e  la t te r  d isappeared  com plete ly , th e ir  
p laces being m ark ed  b y  round ish  g ap s, arisen  from  distension  of th e  in te r ­
ce llu la r space. C hanged neurons w ere fo u n d  in th e  v en tro m ed ia l, la te ra l  and  
in fu n d ib u la r  nuclei a like, b u t th e re  w as no ind ica tion  of n eu ronophag ia .

The vascu la r changes, diffuse g lia  cell p ro lifera tion  and n eu ro n a l lesions 
fo u n d  in  th e  cauda l a rea  appeared  to  be  m ore severe th a n  th e  sim ilar changes 
in  th e  su p rao p tic  reg ion . C ertain  fie lds show ed a v a rieg a ted  ap p earan ce  a t  low 
m agn ifica tion , ow ing to  th e  v ariously  a lte re d  s ta in ing  p roperties of nerve  cells. 
T h e  cy top lasm ic vacu o liza tio n  of n e rv e  cells was p a rtic u la rly  conspicuous in 
th ese  p rep ara tio n s .

Sheep. B ra ins from  sheep in o c u la te d  in trac ran ia lly  (su bdura lly ) and  
e x san g u in a ted  in  th e  te rm in a l s tag e  o f  th e  disease show ed m ark ed  in f la m ­
m a to ry  lesions in  th e  h y p o th a lam u s. T h is  a rea  p resen ted  th e  p ic tu re  o f an  ac tive
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v ascu la r h y p e raem ia  o f th e  flu x io n  ty p e  in  c o n tra s t to  th e  generally  congestive 
ap p earan ce  o f vessels in o th e r  p a r ts  of th e  h ra in .

The v ascu la r  en d o th e lia l cells w ere swollen an d  th e  a d v e n titia l cells were 
in  an  exc ited  s ta te . C onsequen tly , ring like p e riv a scu la r in filtra tio n , co nsist­
ing of 1 or 2 row s of ro u n d  cells, developed a ro u n d  som e sm all vessels. M ost 
round  cells w ere o f th e  ly m p h o cy te  ty p e ; h is tio cy tes  an d  m onocy tes w ere 
qu ite  ra re . Loose sm all foci, consisting  o f m icroglia cells, ap p eared  along th e  
vessels an d  m erged  to  form  m icroglia cell in f iltra tio n  in  la rger areas.

In  sections c u t a t  d iffe ren t p lanes, th e  nerve  cells o f th e  b ra in  nuclei 
show ed d eg en era tiv e  changes of v a ry in g  n u m b er an d  ty p e . The m ain  changes 
were sh rink ing  o f th e  nuclei, w hich th u s  assum ed  b iza rre  shapes, an d  m ark ed  
vacuo liza tion  of th e  cy to p lasm . G lia cells were also fo u n d  in  v a ry in g  num bers 
in  ce rta in  b ra in  nuclei, b u t  th e ir  presence w as som etim es u n re la te d  to  th e  
degenera tive  n eu ro n a l changes. N euronophag ia  could  n o t be observed.

T he changes of th e  d iffe ren t h y p o th a lam ic  nucle i d id  n o t n o ta b ly  differ 
in  severity . D eg en era tiv e  n eu rona l changes and  re ac tiv e  gliosis w ere u n ifo rm ly  
found in  th e  su p rao p tic , p a ra v e n tr icu la r , v en tro m ed ia l e tc . nuclei. T he only 
difference w as th a t  glia cell reac tions p red o m in a ted  in  th e  an te rio r  p a r t ,  w here­
as vascu la r reac tio n s  in th e  poste rio r p a r t.

Gold ham ster. T he  h y p o th a la m u s  of th e  S y rian  gold h am ste rs  w hich died 
o f rabies a fte r  in tra c e re b ra l in o cu la tion  show ed serous-cellu lar in f iltra tio n  of 
th e  soft m eninges, especially  in  th e  basal p a r ts  of th e  b ra in . In  th is  areas th e  
m eningeal vessels w ere m ark ed ly  d ila ted , th e  lu m in a  w ere packed  w ith  red  
blood cells, th e  a d ja c e n t p a r ts  of th e  m eninges w ere ed em ato u s and  in f iltra te d  
by  a few ro u n d  cells.

In  com parison  to  changes in  o th e r b ra in  areas, th e  g rea t sev e rity  of th e  
acu te  in f la m m a to ry  lesions in  th e  h y p o th a lam u s w as qu ite  conspicuous. 
Chiefly th e  p o ste rio r p a r ts  ap p eared  to  be invo lved , a lth o u g h  th e  su p rao p tic  
and  tu b e ra l a reas w ere also affected . C ellular changes (h y perch rom asia  of 
nuclear m em b ran e , kary o p v k n o sis , ch ro inato lysis  an d  m ark ed  cy top lasm ic  
vacuo lization) w ere fo u n d  n o t only  in  th e  m am illa ry  a rea , b u t  also in  th e  su p ra ­
optic , v en tro m ed ia l, in fu n d ib u la r  e tc . regions. A p a rt from  n eu rona l changes, 
glia cell an d  v a sc u la r  lesions o f th e  ty p e  described  in  th e  foregoing also oc­
curred  in  h a m s te r  b ra in s , accom pan ied  by  perice llu lar oedem a and  p lasm o rrh a- 
gia. As to  th e  degree o f in ju ry  in  th e  d ifferen t reg ions, lesions of th e  cauda l 
p a r t  seem ed to  be th e  m ost severe.

M ouse. A cu te  in f la m m a to ry  lesions of th e  h y p o th a la m u s  w ere easily  
recognized an d  w ere m ore severe th a n  th e  changes in  o th e r  h ra in  areas of m ice 
died in consequence o f th e  ex p erim en ta l in fec tion . T he re la tiv e  sev e rity  o f 
neu rona l, m esenchym al an d  glia cell changes w as v a ria b le  in  th e  d iffe ren t 
h y p o th a lam ic  areas. E ith e r  th e  one, or a n o th e r co m p o n en t o f th e  in flam m ato ry - 
degenera tive  com plex  w as p red o m in an t.
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In  th e  nuclei o f th e  o ra l p a r t ,  th e  diffuse m u ltip lica tio n  o f glia cells was 
th e  m ain  fea tu re  (F ig . 2), th e  v a scu la r  an d  deg en era tiv e  n e u ro n a l changes 
b e in g  chiefly  found  in  th e  p o ste rio r regions. T he sta in in g  a ff in ity  o f nerve 
cells v a ried  even w ith in  one an d  th e  sam e h y p o th a lam ic  nucleus th u s  im p a r t­
in g  a v ariegated  a p p e a ra n ce  to  th e  p ic tu re .

F ig . 1. P eriv ascu lar in f il tra tio n s  an d  diffuse 
g lia  cell p ro life ra tion  in  th e  h y p o th a la m u s 
o f  a  rhesus m onkey  d ied  in  ex p erim en ta l 
ra b ie s  a f te r  in fection  w ith  f ix ed  v iru s. Gal- 

locyanine s ta in , X a b o u t 18

Fig. 2. D iffuse m icroglia  p ro life ra tio n  in th e  
h y p o th a la m ic  su p rao p tic  nucleus o f a  m ouse 
d ied  of rab ies a f te r  ex p e rim e n ta l in fection  

w ith  fix ed  v irus. G allocyanine s ta in ,
X a b o u t 60

Some cells show ed ch ro m ato ly sis , sh rin k in g  of th e  nucleus, o th ers  were 
m ark e d ly  swollen, show ing  a re tic u la tin g , n e t-like  p a tte rn  o f degenera tion  
in  th e  N issl-region or, in  m ore severe cases, a m arked  cy to p lasm ic  vacu o liza­
tio n . In  places glia cells m ade ap p earan ce  b e tw een  th e  a ffec ted  nerve  cells, 
w h ereas  th e  glia cell re a c tio n  w as ab sen t elsew here. No in d ica tio n s  of neurono- 
p h a g ia  were found . T h e  vessels show ed an  ac tiv e  h y p eraem ia , especially  in  th e  
c a u d a l p a rts . T he a d v e n tit ia l  cells w ere in  a s ta te  of a c tiv a tio n , b u t  p e ri­
v a sc u la r  cuffing w as n o t observed .

Rabbit. The f ir s t  r a b b it  k illed  on th e  f if th  d ay  a fte r  ex p e rim en ta l infec­
t io n  i.e. on th e  f ir s t  d a y  o f  clinical illness, show ed acu te  in f la m m a to ry  lesions 
in  th e  h y p o th a lam u s. T h e  m ain  changes w ere v ascu la r d ila ta tio n , congestion 
o f  th e  lum ina w ith  red  b lood  cells, sw elling o f en do the lia l cells an d  ac tiv a tio n  
o f  a d v en titia l cells (F ig . 3). G lia cells scarce ly  show ed signs o f ac tiv a tio n ,
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i f  any . N euronal changes were also m ild  an d  w ere p ra c tic a lly  lim ited  to  th e  
p a ra v e n tr ic u la r  an d  su p rao p tic  nuclei.

The second r a b b it  was killed on th e  sev en th  d a y  a fte r e x p e rim e n ta l 
in fec tion , th is  w as th e  second day  o f m an ife s t disease. A cu te  in f la m m a to ry  
an d  deg en era tiv e  lesions were equally  fo u n d  in  th e  a n te rio r and  p o s te r io r  
p a r ts  o f th e  h y p o th a la m u s .

F u r th e r  tw o  ra b b its  were sacrificed  on th e  8 th  d a y  a fte r in fec tion , i.e. 
on th e  th ird  d a y  o f  disease. The f if th  r a b b it ,  w hich h a d  been infec ted  in tra -  
cereb rally  along w ith  th e  re s t of th e  g roup , still ap p ea red  h ea lth y  a n d  w as 
ex san g u in a ted  on th e  9 th  day.

The tw o an im als  k illed  after a 3 -d ay  course of illness showed a d v an ced  
in fla m m a to ry  lesions in  th e  h y p o th a lam u s. T he vessels w ere d ila ted , h a v in g  
swollen en d o th e lia l cells, and  th ro m b u s fo rm a tio n  w as also found  in  sev e ra l 
sm all vessels. T he a d v e n tit ia l  cells w ere in  a s ta te  o f ac tiv a tio n , several m ito tic  
an d  b iza rre -sh ap ed  sh ru n k en  form s w ere fo u n d  am ong th em  and  in  p laces 
kary o rrh ex is  w as seen.

The h y p o th a la m ic  nuclei showed d eg en era tiv e  changes. The m ain ch an g es 
w ere tig ro lysis, c e n tra l  chrom ato lysis, a lte ra tio n s  o f nu c lea r s tru c tu re , k a ry o - 
pyknosis, cy to p lasm ic  vacuo liza tion  an d  perice llu la r oedem a (Fig. 4).

A lthough  th e  lesions appeared  v e ry  severe a t  f ir s t  s igh t, these reg ressive  
neu ro n a l changes u su a lly  d id  no t lead  to  a com plete  nerve  cell d e s tru c tio n  
an d  loss of n eu ro n s. E v en  degenera tive  changes o f th e  neurons w ere n o t  
alw ays accom pan ied  b y  an  energetic glia cell reac tio n . T he m u ltip lica tio n  o f  
m icroglia cells re su lte d  as a ru le in a loose, diffuse in f iltra tio n . Focus fo rm a ­
tio n  w as ex cep tio n a l.

In  th e  h y p o th a la m u s  of rab b its  e x te rm in a te d  a fte r  several days o f  ill­
ness, diffuse glia cell p ro life ra tion  p red o m in a ted  in  th e  an te rio r  p a r t  o f th e  
h y p o th a lam u s, w h ereas  acu te  neuronal an d  v ascu la r lesions were chiefly  fo u n d  
in  th e  po ste rio r p a r t .

The h is to p a th o lo g ica l s tu d y  of b ra in  an d  sp inal co rd  from  th e  ra b b i t  
w hich d id  n o t show  sym p to m s un til k illed  on th e  9 th  d ay  a fte r  ex p erim en ta l 
in fec tion  requ ires fu r th e r  investiga tions.

D iscussion

A p a rt from  th e  u su a l ex p erim en ta l ap p ro ach  to  n e rv e  func tion  s tu d ie s  
(s te reo tac tic  s t im u la tio n  an d  d estru c tio n , f ib re  d eg en era tio n , tre a tm e n t w ith  
u ltra so u n d , chem ical ag en ts , X -ray , e tc .), c e r ta in  v iruses m ay  be u tiliz ed  in  
ex p erim en ta l n eu ro lo g y . In  our opinion, th e  n eu ro tro p ic  fix ed  rab ies v iru s  
m ig h t especially  se rv e  th e  purpose, because  re c e n t re sea rch  resu lts  ( B a e r ,  

S h a n t a  and  B o u r n e ,  1968; P e t r o v i c  a n d  T i m m , 1969; S c h n e i d e r , 1969;
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S c h n e i d e r  and  S h o o p , 1972) have  u n eq u iv o ca lly  confirm ed th a t  it  sp read s 
ex c lusive ly  along th e  n e rv e  p a th s .

I f  th e  m ode o f sp read  is th e  sam e also in  th e  cen tra l nervous sy s tem  
( S c h n e i d e r  and  B u r t s c h e r , 1967), th e  cell changes caused b y  th e  v iru s  m ay  
be u sefu l in  revealing  p a th e s , anasto m o ses an d  functional re la tions.

Fig. 3. V ascu lar lesions in th e  an te rio r p a r t  o f  F ig . 4. D egenerative  nerve  cell changes in  th e
ra b b it  h y p o th a lam u s . H E  s ta in , X a b o u t d o rsom ed ia l nucleus of ra b b it  h y p o th a la m u s

120 H E sta in , X ab o u t 300

I t  was ex p ec ted  th a t  th e  p re se n t s tu d y  w ould, a p a r t  from  th e  n e u ro ­
log ical in fo rm atio n , disclose some new  aspec ts  of the  pa thogenesis  of rab ies 
as w ell. T he effect o f rab ies v irus on th e  h y p o th a lam u s w as in v es tig a ted  f irs t  
w ith  th e  aim  to  throw ' m ore ligh t on th is  long-d ispu ted  prob lem .

T he im p o rtan ce  o f lesions in  th e  d iencephalic  au tonom ous cen tres w as 
p o in te d  o u t b y  S l o t w e r  already  in  1926, and  was su b seq u en tly  confirm ed  
b y  K r o l l  (1927) and  T a r i s k a  (1941), h u t  S h ü k r ü  A k s e l  (1958) failed to  
f in d  su ffic ien t p ro o f to  th e  elective in v o lv e m e n t of th e  au tonom ous n erv o u s 
sy s te m  in  stud ies on 93 hum ans an d  362 an im als of various species (dog, ca t, 
ra b b i t ,  ja ck a l, calf, donkey).

In  th e  m ean tim e, ex tensive  s tu d ie s  on hy p o th a lam ic  s tru c tu re  an d  fu n c ­
tio n  re su lted  in  th e  id en tif ic a tio n  o f th e  areas responsible for th e  sy m p to m s 
o f  au ton o m o u s n e rv e  fu n c tio n  d iso rd e rs  ( H e s s , 1954, 1956; M a g o u n  e t ah , 
1938; G l e e s , 1961; e tc). This n e c e ss ita te d  a revision of ou r know ledge on th e  
p a th o m ech an ism  o f rab ies.
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The p resen t fin d in g s show  in  accordance w ith  our earlier observ a tio n s 
t h a t  on in trace reb ra l a d m in is tra tio n  to  exp erim en ta l an im als, H ogyes’ fixed  
s tr a in  of rabies v iru s  causes a ch a rac te ris tic  encepha litis . This accords well 
w ith  th e  observations on o th e r fix ed  v iru s s tra in s  B i n d r i c h , 1956; B i n d r i c h , 

P o t e l  and  K u w e r t , 1958; H u r s t  and  P a w a n , 1931; J o h n s o n  an d  L e a c h , 

1940; J o h n s o n , 1965; J a c o t o t  and  B o u x , 1937; N i c o l a u  e t ah , 1962; P o t e l , 

1958; T h i e r y , 1960).
The various species of ex p erim en ta l an im als (rhesus m onkey , sheep, 

S y ria n  gold h am ste r, a lb ino  m ouse and  ra b b it)  show ed essen tia lly  th e  sam e 
ty p e  of encephalitic  reac tio n , b u t th e  acu te  process, consisting  of neu ro n a l, glial 
a n d  m esenchym al co m ponen ts, differed  by  th e  v a rious regions in  th e  cen tra l 
n e rv o u s  system  in  re sp ec t of sev e rity  and  n a tu re  o f th e  m ain  com ponen t.

O f course, th e  lesions fo u n d  are  in  them selves n o t ch a rac te ris tic  o f rab ies; 
s im ila r  changes can  occur in  o th e r  b ra in  areas or in  encepha litides caused  b y  
o th e r  viruses.

The severity  o f th e  changes could  well be held  responsib le  for th e  c h a ra c ­
te r is tic  sym ptom s. T he lesions fo u n d  in  th e  su p rao p tic  an d  p a ra v e n tr ic u la r  
n u c le i can accoun t fo r th e  fever w hich  regu la rly  accom pan ies in fec tions, b y  
f ix e d  and  s tree t v iruses ( L ö t e ,  1887; H ő g y e s , 1897; A u j e s z k y , 1921). Pilo- 
e rec tio n  was observed  b y  R e m l i n g e r  and  B a i l l y  (1942) an d  B r a n d e n b u r g  

(1952) as an early  sy m p to m  o f rab ies  in  m ice, an d  sy m p a th ico to n ia  was 
m en tio n ed  by  J o h n s o n  (1965) in  th e  pathogenesis of rab ies. I t  shou ld  he 
n o te d  th a t  N i c o l a u  e t al. (1962) also regarded  th e  su p rao p tic  nucleus as th e  
m a in  site  o f changes in  rab ies.

T he m icroscopic lesions found  b y  us in  th e  la te ra l h y p o th a lam ic  regions, 
in  accordance w ith  ce rta in  ex p erim en ta l neurological find ings m ay  have 
a c e r ta in  bearing  on th e  forced sn iffing  of th e  an im als, o ften  observed  b y  us 
a n d  o thers. In v o lv em en t of th e  la te ra l  nucleus m ay  also be held  responsib le  
fo r in ap p e ten ce  an d  ra p id  loss o f cond ition , w hich are  reg u la r sy m p to m s of 
f ix e d  v irus infections, as show n b y  J o h n s o n  and  L e a c h  (1940) in  m ice, by  
A u j e s z k y  (1932) in  ra b b its  an d  b y  ourselves ( K a r a s s z o n , 1969) in  rhesus 
m onkeys. The s im u ltaneous d ila ta tio n  of th e  pupils and  of th e  p a lp eb ra l f is ­
su re , re trac tio n  of th e  th ird  eyelid , p h o tophob ia , ex tra sy s to lic  ta c h y c a rd ia  
a n d  an  increased defense reac tio n  in d ica te  th a t  a f te r  th e  la te ra l nucleus th e  
tu b e r  cinereum  also becom es invo lved . This is fu r th e r  show n by  hyperg lycae- 
m ia a n d  glycosuria ( R e m l i n g e r  an d  B a i l l y , 1942) an d  a lte ra tio n  of th e  b lood  
p ic tu re  viz. n e u tro p h ilia  an d  ly m p h o p en ia  and ap p ea ran ce  of m yelo- and  
m etam y e lo cy tes  du ring  th e  p a ra ly tic  stage.

T he in flam m ato ry  an d  deg en era tiv e  changes of th e  v en tro m ed ia l and  
in fu n d ib u la r  nuclei w ere severe enough to  acoount for general ex c ita tio n , for 
th e  p riap ism u s, especially  in  a lb ino  m ice, th e  m ark ed  e x o p h th a lm u s in  m o n ­
keys, th e  increased ta c h y c a rd ia , qu ick  resp ira tio n  and  for th e  perverse  a p ­
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p etite  som etim es causing th e  animals to devour indigestible objects (RÁTZ, 
1910).

T he m icroscopic lesions found  in  th e  p o ste rio r h y p o th a lam ic  areas can 
easily  be linked w ith  th e  p a ro x y sm a l ta c h y p n o e a , listlessness, fa tig u e , som ­
no lence an d  fina lly  s tu p o ro u s  s ta te , w hich reg u la rly  developed  w ith  th e  p ro ­
gression  o f th e  e x p e rim e n ta l disease.

I t  should  be m e n tio n e d  th a t  th e  sy m p to m s w hich h a d  fo rm erly  been 
described  as “ com a”  in  S y rian  gold h am ste rs , rhesus m onkeys an d  m ice cor­
re sp o n d  ra th e r  to  a s tu p o r  i f  th e  h isto logical basis is also ta k e n  in to  considera­
tio n . T he revision o f o u r p rev io u s opinion has been  in it ia te d  b y  th e  fac t th a t  
in  a com atous s ta te  th e  p a t ie n t  is in sensitive  to  pain  and  does n o t respond  to  
s tim u li, w hereas th e  e x p e rim e n ta l m onkeys, sheep , h am ste rs , m ice an d  ra b b its  
a lth o u g h  ly ing  p ro s tra te  in  th e  te rm in a l s tage  w ere still responsive  to  pain  s ti­
m uli, m oving  th e ir  ex tre m itie s  w hich o therw ise ap p eared  com ple te ly  p ara ly sed .

T he haem orrhages in  th e  gastric  m ucosa fre q u e n tly  found  a t  p o stm o rtem  
ex am in a tio n , could well b e  a t tr ib u te d  to  th e  m icroscopic lesions in  th e  tu b e r  
c inereum  and  the  la te ra l  h y p o th a lam ic  region, w hereas th e  “ b la d d e r p a ra ly ­
sis”  a lm ost in v a ria b ly  p re se n t in  our cases m ay  be ex p la ined  b y  th e  lesions 
in  th e  p a ra v e n tr icu la r  a n d  su p rao p tic  nuclei.

L ike in  n a tu ra l ra b ie s , th e  sym ptom s in d ica tin g  in ju ry  of th e  h y p o ­
th a la m u s  were m an ifested  in  a well defined  sequence also in  th e  exp erim en ta l 
d isease. A lthough th e  h isto log ica l follow -up o f th e  process w as ra th e r  d ifficu lt, 
i t  w as clearly  show n th a t  severe lesions in itia lly  ap p eared  in  th e  a n te rio r p a r t  
o f th e  h y p o th a lam u s, w h ereas  tow ards th e  end  o f th e  course th e  poste rio r 
p a r t  w as m ore affected . T h is accords well w ith  th e  ex p e rim en ta l observation  
t h a t  anim als sp o n ta n e o u s ly  died  o f  in fec tion  w ith  fixed  v iru s , show ed m ore 
severe changes in  th e  p o s te rio r  th a n  in  th e  a n te rio r  h y p o th a lam u s , and  th e  
sam e was found in  h isto log ica l stud ies on th e  b ra in s  of foxes succum bed  w ith  
“ n a tu ra l” rabies (K arasszon , 1973).

I t  follows th a t  ra b ie s  v iru s does n o t a ffec t all h y p o th a lam ic  nuclei 
s im u ltaneously , b u t  in  a w ell defineable sequence an d  th e  clin ical sym ptom s 
follow  th e  sam e course so th a t  th e y  in d ica te  th e  ro u te  along w hich th e  v iru s  
is sp read ing . The ea rly  sy m p to m s are essen tia lly  p a ra sy m p a th e tic  ex c ita tio n  
ph en o m en a , such as m yosis, en o p h th a lm u s, v a so d ila ta tio n , b ra d y c a rd ia , 
b ro n ch ia l co n stric tio n , oesophageal spasm , g as tro in te s tin a l haem orrhages, 
e rec tio n  etc. The fu r th e r  sp read  of th e  v iru s  is tow ards th e  la te ra l nucleus, 
th e n  to  cell groups of th e  cen tra l h y p o th a lam ic  region. A fte r th e  in vo lvem en t 
o f nerve  cells in  th e  v en tro m ed ia l region, th e  v iru s  sp reads cau d a lly , affecting  
th e  poste rio r h y p o th a la m ic  fields, w hich resu lts  in  a score o f sy m p a th e tic  
ex c ita tio n  phenom ena , such  as v aso co n stric tio n , b ro n ch o d ila ta tio n , oeso­
ph ag ea l spasm olysis, re te n tio n  of u rine, d ila ta tio n  of th e  p u p il etc.

The p resen t fin d in g s  also th row  lig h t on th e  prob lem  o f th e  “ elective

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



HISTOPATHOLOGY OF HYPOTHALAMIC CHANGES 435-

in v o lv em en t”  o f  th e  h y p o th a lam u s. On th e  basis of histo logical evidence, th e  
h y p o th a la m u s , as th e  re g u la to r  of all v e g e ta tiv e  fu n c tio n s, can he h e ld  re ­
sponsible fo r som e ch a ra c te ris tic  sym ptom s o f rab ies an d  th e  g radual in v o lv e ­
m en t of th e  h y p o th a la m ic  nuclei accoun ts for th e  succession of th e  sy m p to m s. 
T he co n flic ting  opinions on th e  “ elec tive”  in v o lv em en t of th e  h y p o th a la m u s  
m ay  have  been  due to  th e  fa c t th a t  as a ru le  no sy s tem a tic  s tu d y  of th e  e n tire  
h y p o th a la m u s  w as m ade, b u t  only p re p a ra tio n s  o b ta in ed  from  e ith e r  th e  
a n te rio r or th e  po ste rio r p a r t  were exam ined . R eliab le  resu lts  can  on ly  b e  
o b ta in ed  i f  th e  h isto log ical follow -up is based  on th e  tre n d  of v iru s sp read , 
viz., in  th e  in it ia l  stage  th e  an te rio r p a r t ,  w hereas in  th e  te rm in a l s tag e  th e  
poste rio r p a r t  o f th e  h y p o th a lam u s is s tu d ied  m ost tho rough ly .

T he p re se n t find ings offer no ex p lan a tio n  fo r th e  causes of th e  sequence  
in  w hich th e  h y p o th a la m ic  nuclei becom e invo lved . I t  rem ains to  be decided  
w h e th e r th e  sequence depends on th e  v a riab le  se n s itiv ity  of th e  nuclei o r  
s im ply  signifies th e  tre n d  o f v irus sp read . I f  th e  la t te r  assum ption  is tru e ,  
th e  v irus m ig h t well be reg a rd ed  as a m ark e r o f th e  in tr ic a te  in te r re la tio n ­
ships b e tw een  h y p o th a lam ic  nuclei.

In  v iew  o f th e  h isto log ical find ings, i t  c an n o t be excluded th a t  th e  
b eh av io u ra l changes arisen  in  consequence o f  in tra c e reb ra l inocu la tion  w ith  
fixed  rab ies v iru s  m ay  also be associated  w ith  h y p o th a lam ic  lesions. I t  is  
know n th a t  th e  h y p o th a la m u s  is th e  in te g ra tiv e  cen tre  of the  som atic  an d  
visceral co m p o n en ts  of em otio n a lm  an ifesta tio n s so th a t  its  patho log ical a l te r ­
a tio n  b rings a b o u t d is in teg ra tio n  and in  co -o rd in a tio n  of behav iou ra l reac tio n s . 
W e are  aw are t h a t  in v es tig a tio n s  in to  em otiona l ba lance  and  beh av io u r c a n ­
n o t be cen te red  on th e  h y p o th a lam u s an d  shou ld  be ex ten d ed  a t  le a s t to  th e  
lim bic sy stem , as we h ad  done in  th e  case o f ra b id  foxes. H ow ever, such  com ­
p lem en ta ry  e x am in a tio n s  w ould  have been  b ey o n d  th e  scope of th e  p re se n t 
s tu d y  an d  so w ere in v estig a tio n s in to  d iso rders o f th e  hy p o th a lam ic  n e u ro ­
secre to ry  fu n c tio n . I t  is even  d ifficu lt to  harm on ize  th e  histological lesions 
w ith  th e  clin ica l fea tu res  observed  in  th e  p re se n t exp erim en ts . F u rtherm ore*  
i t  is know n t h a t  even in  e lec tric  s tim u la tio n  ex p erim en ts , p a rticu la r response  
to  a single focal p o in t is n o t conclusive in  itse lf. C onsideration  should also be 
elicit p a ra sy m p a th e tic  ex c ita tio n  phenom ena, b u t  m ay  also enhance th e  sy m ­
p a th e tic  in flu en ce . T he deve lopm en t o f iso la ted  responses to  s tim u la tio n  o f  
sep a ra te  fie ld s depends on v a rious fac to rs, such  as th e  in te n s ity  of th e  s tim u ­
lus, in d iv id u a l p red isp o sitio n  e tc . ( H e s s , 1954). In  th e  p resen t case, th e  sy m p ­
tom s w ere due  to  in flam m ato ry -d eg en e ra tiv e  changes o f  en tire  regions r a th e r  
th a n  to  iso la ted  fu n c tio n a l d isorders of one or a n o th e r  hy p o th a lam ic  nucleus. 
T he sequence o f  th e  m an ifo ld  sym ptom s stem s from  an  in tr ic a te  m u ltitu d e  
of reactions w h ich  are d ifficu lt to  follow up  m orpho log ically  w hence th e  con­
clusions we h a v e  d raw n  m ay  well be ju d g e d  as a rb itra ry . W e n ev erth e less  
believe th a t  th e  h isto log ical evidence p re sen ted  in  th is  s tu d y  is su ffic ien t
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to  show  th a t  m an y  sy m ptom s o f rab ies  are  d ire c tly  re la ted  w ith  h is to p a th o - 
logical lesions o f th e  h y p o th a lam u s , th e  o rg an  p rim arily  responsib le  for th e  
m a in ten an ce  of “ hom oeostasis”  an d  th a t  th is  app roach  m ay  open u p  new  
scopes for in v estig a tio n s in to  th e  p a th o g en esis  o f rabies.

S u m m ary

H isto p a th o lo g ica l s tu d ies  on th e  c e n tra l  ne rv o u s system  of ex p erim en ta l an im als 
(rh esu s m onkeys, sheep , a lb ino  mice, S y rian  gold h a m ste rs  and rab b its) sp o n tan eo u s ly  died 
o r k illed  in  th e  te rm in a l stage of disease, a f te r  in tra ce re b ra l inocu lation  w ith  H ogyes’ fixed  
s tra in  o f rab ies v iru s show ed th a t  acu te  en cep h alitic  lesions were alw ays p re sen t in  th e  h y p o ­
th a la m u s  too . Glia cell an d  m esenchym al cell re ac tio n s  and  degenerative  changes o f th e  
n eu ro n s w ere u su a lly  m ore severe in th e  h y p o th a la m u s  th a n  in o th er b ra in  areas.

In  th e  early  s tag e  of th e  disease th e  a n te r io r  p a r t  of th e  h y p o th a lam u s , w hereas in 
th e  a d v an c ed  stage its  p o ste rio r p a r t  was m ore affected .

All d isorders of th e  au tonom ous ne rv o u s sy s tem  know n as th e  c h arac te ris tic  sy m p ­
to m s o f rab ies are a ttr ib u te d  to  th e  h isto p ath o lo g ic  lesions found in th e  h y p o th a la m u s an d  
th e  sequénce of th e  sy m p to m s is exp la ined  b y  th e  successive involvem ent o f th e  h y p o th a la m ­
ic nuclei.

T he h isto log ical ev idence p resen ted  in  th is  p a p e r  th row s ligh t on th e  m uch  d isp u ted  
p ro b lem  of “ elective in v o lv em en t” of th e  h y p o th a la m u s  an d  th e  use o f th e  s tr ic tly  n eu ro ­
tro p ic  fix ed  v irus in  ex p erim en ta l neuro logy  is su g g ested  as an  en tire ly  new  ap p ro ach .
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MASS INCIDENCE OF ENTROPION IN LAMBS

By

J .  Z Á J E R ,  T. KÉGL and K . SoM O G Y V A R I

D e p a r tm e n t an d  Clinic o f Surgery  an d  O p h th a lm o lo g y  (H ead : P rof. A. B. K o v á c s ) ,  
U n iv ersity  o f V e te rin a ry  Science, B u dapest

(R eceived M arch  7, 1974)

E n tro p io n , i.e., inversion  of th e  m arg in  of th e  eyelid  m a y  reach  such 
a degree th a t  th e  eyelashes an d  lid  sk in  to u ch  th e  eyeball.

T he cond ition  occurs in  all species o f an im als b u t, according to  K Ó M Á R  a n d  S z u t t e r  
(1968), especially  o ften  in  th e  dog an d  sheep. I t  m ay  be congenital or a cq u ired  la te r  in life.

E n tro p io n  in  sheep h as been s tu d ied  b y  m an y  au th o rs  ( B a k e r , 1920; C r o w l e y  and 
M c G l o u g h l i n , 1963; L i t t l e j o h n , 1954; M c M a n u s , 1960; S k i d m o r e , 1928; W a r w i c k  and  
B e r r y , 1962; W r i g h t  an d  F o r m s t o n , 1943); in  H u n g ary , i t  was in v e s tig a te d  by  H á m o r i  
(1965). L i t t l e j o h n  (1954) rep o rte d  a 50%  incidence of en trop ion  am ong  n ew b o rn  lam bs 
in  c e r ta in  sheep flocks an d  M c M a n u s  (1960) fo u n d  it  to  occur in  80%  of sheep in a flock 
s tu d ied .

T h e  prob lem  of th e  h e red ity  of en tro p io n  has been discussed in  n u m ero u s  p u b lica ­
tio n s . L i t t l e j o h n  (1954) believes th a t  a p red isp o sitio n  is h e red ita ry , th e  d isease  itse lf no t, 
w hile o th e rs  ad v o ca te  th e  h e red ity  of th e  co n d itio n  itse lf b y  an as y e t u n k n o w n  m echanism .

I f  th e  en trop ion  is no t tre a te d , co n ju n c tiv itis  and  k e ra titis  m ay  develop. 
T he co n seq u en t corneal o p ac ity  an d  u lce ra tio n  m ay lead  to  p e rfo ra tio n  and  
c o n c o m ita n t p an o p h th a lm itis , p h th is is  b u lb i an d  blindness.

O f th e  d ifferen t form s of acq u ired  en tro p io n  spasm odic e n tro p io n  is th e  
m ost f req u en t. I t  is caused by  la s tin g  spasm s of th e  p a lp eb ra l m uscle, w hich 
arises in  th e  course of a pa in fu l co n ju n c tiv itis . Spastic  en tro p io n  is re frac to ry  
to  v a rio u s  k inds of tre a tm e n t, such as an tib io tic s  and  cortisone p rep a ra tio n s , 
an d  even  to  u ltra so u n d .

T h e  c ica tric ia l en trop ion  a ra re  cond ition , m ay occur in  all anim al 
species. I t  arises e ith e r as a consequence o f scar tissue form ed a f te r  a m echan­
ical in ju ry  of th e  lids (ta rsus) or co n ju n c tiv a , or as a sequel to  chronic con­
ju n c tiv it is .

T he th ird  form , en trop ion  b u lb a re , is due to  a co ngen ita l sm allness or 
absence  o f  th e  eyeball or, p ro b ab ly , to  a decrease in  th e  vo lum e o f re tro b u lb a r 
tissue .

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



438 ZÁJER et al.

Experimental

Mass incidence o f  en tro p io n  am ong  suckling  la m b s  has been observed  
ev e ry  y ear since 1967 in  a d is tr ic t o f W estern  H u n g a ry . As th e  cond ition  
fre q u e n tly  caused b lin d n ess , w ith  conseq u en t e m a c ia tio n  and  even d e a th , 
econom ic losses w ere considerab le  in  th e  affected  flocks.

Incidence. In  th e  12 sheep flocks s tu d ied , g en era lly  3— 10%  of th e  lam bs 
h a d  en trop ion . E x c e p tio n a lly , incidence was as h igh  as 20 %  and  in  one flock  
i t  even  reached 70%  in  1968; th e  r ig h t eye alone w as in v o lved  in 4 0 —60%  of 
th e  cases, th e  le f t eye in  20% , an d  b o th  eyes w ere a ffec ted  in  20—40% .

T he frequency  o f  occurrence w as generally  u n re la te d  to  sex. T he sy m p ­
to m s appeared  a t  1 0 —20, occasionally  one or tw o d ay s  o f  age. W e have  nev er 
observed  th e  co n d itio n  in  new born  lam b s or its  f i r s t  appearance  above six  
w eeks of age.

In  m erino b reeds en tro p io n  is so ra re  th a t  even  th e  shepherds m ay  n o t 
k now  it .  Mass inc idence  o f  th e  co n d itio n  was f irs t  o b se rv ed  a fte r th e  crossing 
o f m erino ewes w ith  A scan ian , G rosny , C aucasian  a n d  precoce ram s for im ­
p ro v em en t of wool q u a lity . I t  is im p o r ta n t  th a t  n e ith e r  ewes nor b reeder ram s 
show ed a w rong p o s itio n  o f th e  eyelids. A n o th e r im p o r ta n t  fac t is th a t  th e  
crosses have a consp icuously  w rink led  sk in  over th e  en tire  body.

The occurrence o f en tro p io n  w as lim ited  to  th e  lo w er eyelid; i t  was never 
fo u n d  in  th e  u p p e r one. A bou t 60 —70 %  of th e  d iseased  lam bs d ied, above 
all tho se  w ith  b ila te r ia l in v o lv em en t o f  th e  eye. Loss o f condition  ow ing to  
th e  eye disease re su lte d  in  a m ark ed  g ro w th  re ta rd a tio n  am ong th e  su rv ivo rs.

A etiology

In itia lly  th e  e n tro p io n  was believed  to  be co n g en ita l, for th e  freq u en t 
occurrence of a co n g en ita l, p ro b ab ly  h e re d ita ry , in v e rs io n  of th e  eyelid am ong 
sheep  has been re p o rte d  from  all p a r ts  o f  th e  w orld  since th e  ’tw en ties ( B a k e r , 

1920; C r o w l e y  a n d  M cG l o u g h l i n , 1963; L i t t l e j o h n , 1954; M cM a n u s , 

1960; S k i d m o r e , 1928; W a r w i c k  an d  B e r r a , 1962; W r i g h t  and  F o r m s t o n , 

1943). Since, how ever, th e  lam bs in  th e  p resen t s tu d y  did  n o t show an y  a b ­
n o rm a lity  of th e  eyelid  a t  b ir th , th e ir  illness sh o u ld  be  a ttr ib u te d  to  reasons 
o th e r  th a n  co ngen ita l d efo rm ity .

On analyzing  th e  cond ition  from  th e  p o in t o f  v iew  of th e  pa thogenesis  
o f acqu ired  en tro p io n , th e  spasm odic form  w as su sp ec ted  firs t, because th e  
inversion  ceased fo r th e  d u ra tio n  o f local an aes th es ia  p ro d u ced  by  a 1%  P an - 
to ca in  solu tion . T u rn in g -in w ard  neverth e less  p e rs is te d  unless th e  lid  w as 
d raw n  down w ith  th e  fin g er a t  th e  onse t o f a n aes th es ia .

O f th e  severa l w eek  old lam bs 7 0 —80%  show ed co n ju n c tiv itis . T he con­
d itio n  was u sua lly  v e ry  m ild, b u t  in  c e r ta in  cases i t  w as m an ifested  b y  m ark ed
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lac rim a tio n , c a ta rrh a l e x u d a tio n , red d en in g  and  swelling o f th e  co n ju n c tiv a  
an d , occasionally , b y  sw elling of th e  eyelid . T urn ing  in w a rd  of th e  m arg in  
o f th e  eyelid w as ch iefly  associa ted  w ith  th e  severe cases o f co n ju n c tiv itis .

In v es tig a tio n s  in to  th e  cause(s) o f th e  jo in t occurrence o f co n ju n c tiv itis  
an d  en trop ion  also inc luded  a s tu d y  o f th e  m anagem en t a n d  feeding co n d i­
tio n s, b u t  no gross fa ilu re  or e rro r w as found  in any  fa rm . B acterio log ical 
ex am in a tio n s of e x u d a tio n  from  th e  co n ju n c tiv a l sac d id  n o t show  th e  p re s ­
ence of an y  specific pa thogen ic  agen t.

C onsideration  was there fo re  g iven to  th e  possible re sp o n sib ility  of a 
s tru c tu ra l a b n o rm a lity  of th e  eyelid in  th e  crosses. P a th o h is to lo g ica l ex a m in a ­
tio n s  carried  o u t w ith  th e  usual tech n iq u es failed  to  show a n y  such a b n o rm a lity  
an d  th u s  could n o t acco u n t for th e  cause(s) o f en trop ion .

I t  was found  on inspection  of th e  crosses th a t  th e  c h a rac te ris tic  w rinkles 
w ere very  p ronounced  also over th e  eyelids so th a t  on closing of th e  eye th e  
folds of th e  low er lid  w ere bu lg ing  to w ard s  th e  edge, causing  th e  lashes to  
p o in t tow ards th e  eyeball an d  occasionally  g e tting  tra p p e d  below  th e  u p p e r 
lid  o f th e  w inking  eye. In  ce rta in  cases th e  sk in  fold below  th e  m arg in  o f  the  
low er lid was so th ick  as to  held  th e  lashes p e rm an en tly  in  an  u p rig h t p osition , 
m ak in g  th em  to  to u c h  th e  cornea  even  w h en  th e  eye w as open. I r r i ta t io n  of 
th e  eyeball b y  th e  lashes re su lte d  in  a p a in fu l con ju n c tiv itis  a n d  k e ra titis  w hich 
soon b ro u g h t ab o u t th e  spasm odie en tro p io n . T he ir r i ta tio n  o f  th e  c o n ju n c tiv a  
an d  cornea elic ited  re flec to rica lly  th e  sp asm  of th e  o rb icu la r m uscle an d  th e  
s im u ltaneous, also reflec to ric , spasm  o f th e  re tra c to r  m uscle  caused enoph- 
th a lm u s. T hus th e  eyelid  lost p a r t  of its  su p p o rt and th e  low er lid , hav in g  
a less developed ta rsu s  th a n  th e  u p p e r one, tu rn ed  in w ard  in  consequence 
o f  th e  b lepharospasm .

The cond ition  resem bled  th e  e n tro p io n  caused in  th e  h u m an  in fa n t by  
ep ib lepharon  ( V e l h a g e n , 1960) w hich  m a y  norm alize la te r  in  life. As a lread y  
m en tioned  in  th e  foregoing, no en tro p io n  w as found am ong  lam bs above six 
w eeks of age an d  m ilder cases healed  w ith o u t any  th e ra p e u tic  in te rv e n tio n .

T hus th e  en tro p io n  of th e  h y b rid  lam b s, ch a rac te rized  b y  a m a rk e d  
fo ld ing  of th e  sk in  all over th e  body , is essen tia lly  due to  th e  presence of 
cu tan eo u s folds on th e  eyelids. N o t th e  en tro p io n  itse lf is th e re fo re  in h erited , 
on ly  th e  p red isposing  fac to r, viz., th e  loose te x tu re  of th e  p a lp eb ra l su b c u ta ­
neous connective tissue.

Prognosis. T h is is good if  th e  th e ra p e u tic  in n e rv en tio n  is m ade in  th e  
e a rly  stage an d  th e  case is u n co m p lica ted , i t  is dubious i f  p u ru le n t k e ra titis , 
corneal ulcer or p an n u s is p re sen t an d  b a d  i f  there  is p a n o p h th a lm itis .
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Therapy

Among th e  m e th o d s  proposed for co n se rv a tiv e  t r e a tm e n t  of en tro p io n , 
re p e a te d  an aesth esia  o f  th e  con ju n c tiv a l sac is n o t p rac ticab le  as a flock  
th e ra p y . In jec tio n  o f s te rile  p ara ffin  oil o f bo d y  te m p e ra tu re  b en ea th  th e  
p a lp eb ra l skin ( K ó m á r  an d  S z u t t e r , 1968) h ad  an  u n fav o u rab le  effect on 
dogs in  our h an d s, v iz ., m a rk ed  in d u ra tio n  o ften  developed  a t  th e  site  o f th e  
in jec tio n , lead ing  to  e lep h an tia s is  o f th e  eyelid . F ix ing  o f th e  eyelid in  n o rm a l 
p o sitio n  by  m a ttre s s  su tu re  ( B l a s k o v i c s , 1945) was tr ie d  on th ree  sick lam b s, 
b u t  infection o f th e  su b cu tan eo u s  co nnec tive  tissue  th ro u g h  the  s tab  can a l 
occurred  in all th re e  cases, re su lting  in  ph legm on and  abscess fo rm ation . A l­
th o u g h  the su tu re s  en su red  a p roper fix ing  o f  the  lid , th e y  h a d  to  be rem oved  
p rio r  to  healing to  p re v e n t  fu r th e r  su p p u ra tio n .

In  view  of th e  ab o v e  th e ra p e u tic  fa ilu res, surg ical rep a ir  was c o n te m ­
p la te d . The g rea t n u m b e r  of diseased lam bs did n o t, how ever, p e rm it th e  
app lica tion  of re fin e d  tech n iq u es  and  tim e- and  fac ility -req u irin g  p rocedures.

As to  th e  th e ra p y  o f  spasm odic en tro p io n  in  h u m a n s , Y e l h a g e n  (1960) 
p roposed  the  su b c u ta n e o u s  ad m in is tra tio n  o f 1 m l 70 %  ethano l in to  th e  
inv ersed  lid, in  o rd e r to  ly se  th e  spasm  b y  d u rab le  w eak en in g  of th e  o rb icu la r 
m uscle. The sam e p ro c e d u re  was em ployed  w ith  success fo r  lam bs and a fte r  
th e  in itia l tr ia ls , sev e ra l th o u san d s of y o ung  anim als h av e  been tre a te d  w ith  
i t  for en trop ion  since  1970. A th in  hypoderm ic  needle is u sed  for subcu tan eo u s 
ad m in is tra tio n  of th e  e th a n o l so th a t  th e  need le’s t ip  shou ld  be 1 cm below  
th e  m edian line o f  th e  low er p a lp eb ra l edge. The ex ac t p o sitio n  of th e  needle  
w as ascerta ined  b y  m ov in g , and  su b seq u en tly  0.75— 1.5 m l e thano l w as in ­
je c te d , depending on  th e  age of th e  lam b  an d  th e  se v e rity  of th e  en tro p io n . 
T h e  m echanical e ffec t o f  th e  in jec ted  e th an o l im m ed ia te ly  resu lts  in tu rn in g - 
o u t of the in v e rte d  lid  an d  no recurrence  is likely  to  occur during th e  n e x t 
d ay s, a fter Mrh ich  th e  en tro p io n  heals w ith o u t leav ing  a n y  trace . The s ligh t 
sw elling caused b y  th e  in jec tio n  d isappears in  ab o u t 10 d ay s; a sm all, pa in less 
in tum escence m a y  in f re q u e n tly  rem ain , n o t causing  a n y  com plication . T he 
in te rv en tio n  is ra p id , s im ple and  spares th e  anim als.

In itia lly  so lu tio n s  of an tib io tic  (ch lo ram phen ico l, aureom ycin , etc.) 
w ere dropped in to  th e  e th a n o l- tre a te d  eye every  d ay  fo r one week. A lth o u g h  
th e  an tib io tic  t r e a tm e n t  was o m itted  tw o years ago, th e  th e ra p e u tic  re su lts  
h av e  been as good as before. Corneal o p ac ity , occasionally  occurring  a f te r  
th e  acu te  sy m p to m s h a d  subsided , is tre a te d  b y  d ro p p in g  a 5%  D ionin so lu tion  
in to  the  eye. A n u n co m p lica ted  healing  can  be ach ieved  in  m ost cases, b u t  
sca r tissue, o f cou rse , rem ain s if  th e re  h a d  been an  u lcera tio n .

E arly  tr e a tm e n t  is im p era tiv e , because it a b b re v ia te s  th e  healing p e rio d  
a n d  ensures th e  p re se rv a tio n  of corneal tra n sp a re n c y . I t  is therefo re  im p o r ta n t 
th a t  flock a t te n d a n ts  shou ld  pick  ou t and m ark  fresh cases o f en trop ion  da ily .
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The v e te r in a r ia n  in  charge o f th e  flock th e ra p y  should  perform  the  in je c tio n  
tre a tm e n t th re e  tim es, b u t  a t least tw ice, a w eek, b u t  a single inocu la tio n  is  
sufficient for each  affected  lam b ; a second dose has never been req u ired  fo r 
healing. T he d a ily  ap p lica tio n  of eye d rops shou ld  be perform ed b y  flo ck  
a tte n d a n ts .

Iso la tio n  o f lam bs w ith  en tro p io n  is n o t  necessary . This would g re a tly  
in terfere  w ith  th e  da ily  w orking schedule o f th e  a t te n d a n ts  to  w hom  th e  d a ily  
observa tion  o f  th e  flock  for th e  selection  a n d  m ark in g  o f  fresh  cases is an  
ex tra  d u ty  an y w ay .

W e believe th a t  p red isposition  for e n tro p io n  is no reason  for giving u p  
cross b reed ing  fo r im proved  wool and  m u tto n , because th e  eye disease can  
he con tro lled  b y  a p p ro p ria te  th e ra p e u tic  m easures.

Summary

E n tro p io n  o f th e  low er eyelid has been  obse rv ed  since 1967 in  3— 10%  of lam bs cross­
bred  from  m erino  ewes a n d  A scanian , G rosny, P récoce  o r C aucasian  ram s. The eye disease  
was m an ifested  b e tw een  10 an d  20 days of age, a n d  a b o u t 60— 70%  of th e  sick lam gs died  in  i t .

A etiological a n d  th e ra p eu tic  stud ies w ere c a rried  o u t in  12 affec ted  flocks. No co n ­
genital en tro p io n  w as fo u n d  and  no specific p a th o g en ic  ag en t could  be iso lated  from  th e  
diseased eyes. P a th o h is to lo g ica l ex am inations rev ea led  no s tru c tu ra l ab n o rm ality  o f th e  
eyelids. T he cross-b red  lam b s, ch aracterized  by  a m a rk e d  fo ld ing  of th e  sk in  over th e  e n tire  
body, developed a spasm odic  en trop ion  as a re su lt o f i r r i ta tio n  of th e  cornea by  th e  eyelashes, 
w hich was caused  b y  tu rn in g -in w ard  of th e  edge o f th e  low er lid  to w ard s th e  eyeball b y  th e  
m echanical effect o f th e  cu taneous folds also p re sen t in  th e  p a lp eb ra l region. Thus th e  co n ­
dition  itself is n o t h e red ita ry , only th e  loose te x tu re  o f th e  p a lp eb ra l subcu taneous connective  
tissue, w hich p red isposes for en trop ion  of th e  low er lid . S u b cu tan eo u s a d m in is tra tio n  o f 
0.75— 1.5 ml o f 70%  e th an o l in to  th e  low er lid p ro v e d  to  be a  sim ple, rap id  and sp arin g  
th erap eu tic  p ro ced u re  and  has since been em ployed  w ith  success for th e  con tro l of en tro p io n  
in  several th o u sa n d s  of cross-bred lam bs.
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EFFECT OF DIETARY NITROGEN LEVEL ON 
ELECTROLYTE AND WATER METAROLISM IN SHEEP

I. K +  M ET A B O L ISM  

B y

B. J u h á s z , В. S z e g e d i  an d  M. K e r e s z t e s

D e p artm en t o f Physio logy  (B . J u h á s z ) ,  In s t i tu te  fo r A n im al P ro d u c tio n  B u d ap es t,
H u n g a ry

(R eceived M arch 7, 1974)

T he u rea  tak en  u p  in  th e  feed is b roken  dow n in th e  ru m en  b y  th e  urease 
enzym e, consequen tly , th e  am m onia  c o n te n t o f th e  ru m in a l flu id  rises. A ccord­
ing to  V i s e k  (1968), th e  N H 3 ^  [IVH4] + co n cen tra tio n  is in fluenced  b y  th e  
ac tu a l p H  of th e  ru m en  co n ten ts .

T he p resen t ex p erim en ts  w ere p lan n ed  on  th e  basis of ea rlie r s tud ies on changes in 
th e  w a te r  a n d  alkali ( N a +, K + ) m etabo lism , an d  saliva  a n d  u rin e  p ro d u c tio n  in  sheep fed 
d iffe ren t doses o f u rea  (range: 0 .4— 0.7 g/kg). I t  was fo und  t h a t  th e  secretion  ra te  o f  sa liva  
decreased  a fte r  th e  in tak e  o f u rea . B lood am m onia  co n cen tra tio n s rose im m ed ia te ly , w hereas 
th e  blood u rea  level rose w ith  a sligh t delay . T he rise o f u re  c o n ce n tra tio n  in  th e  b lood was 
follow ed b y  its  rise in th e  sa liv a ; th e  q u a n tity  o f u rea  ex cre ted  p e r  u n it  tim e , nevertheless, 
fell considerab ly  a lread y  d u rin g  th e  f irs t  h o u r, owing to  a  s ig n ifican t decrease in  th e  secre­
tio n  ra te . I t  follows from  th ese  o b se rv atio n s th a t  b o th  th e  com position  of, an d  th e  secre tion  
r a te  for, sa liva  are in fluenced  b y  th e  q u a n tity  o f in g ested  n itrogen . I f  N -u p tak e  is h igh , less 
sa liva  is p roduced  and  th e  to ta l  q u a n ti ty  o f u rea  recycling  w ith  sa liva  in to  th e  ru m en  is 
reduced  fo r a  certa in  tim e. T h e  fac to rs  responsib le fo r th is  ph en o m en o n  should  p ro b a b ly  be 
sou g h t in th e  rum en. T he a m o u n t o f  sodium  secre ted  w ith  th e  sa liv a  fell to  one s ix th  a lread y  
du rin g  th e  f irs t hour, th e n  i t  rose u n til  reach ing  th e  in itia l lev e l in  th e  sev en th  h o u r a f te r  
feeding. P o tassiu m  decreased to  a  sim ilar degree, b u t  d id  n o t re tu rn  to  no rm al in  seven  hours. 
T h e  a b ru p t decrease of sa liva  secre tion  was accom panied  b y  a g ra d u a l increase in  diuresis. 
T he co n cen tra tio n  of N a + d id  n o t change in  th e  serum , b u t  th e  K + level decreased  signif­
ican tly . T he a m o u n t o f N a + e x cre ted  in th e  u rin e  increased  slig h tly  in  th e  th ird  h o u r, th en  
it  ten d ed  to  decrease. K + ex cre tio n  rose n o tab ly  in th e  f irs t  h o u r, b u t  re tu rn e d  to  n o rm al 
a f te r  five  hours. A ccordingly, th e  sa liv a ry  N a +/ K + q u o tie n t increased , w hereas th e  u r in a ry  
q u o tie n t ( K +/ N a +) decreased  m ark ed ly  ( J u h á s z  an d  S z e g e d i , 1968, 1969).

T he resu lts  of earlier s tu d ies  on to x ic ity  o f u rea , on  th e  ra te  o f its  decom position  in 
th e  ru m en  u n d e r d ifferen t con d itio n s and  on th e  effects o f am m o n ia  on th e  m etabo lism  of 
ino rgan ic  substances ( S z e g e d i  an d  J u h á s z , 1971) w ere also ta k e n  in to  considera tion  when 
th e  d is trib u tio n  of K +  be tw een  b lood  p lasm a an d  e ry th ro c y te s  w as exam ined  a t  rising  con­
cen tra tio n s  of blood am m onia.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 24 (3), pp. 443—450 (1974)

Materials and Methods

E xperim en ta l anim als

S ix teen  H u n g arian  M erino sheep, w eighing 2 5 —30 kg, w ere used. B efore 
th e  ex p erim en t th e  an im als  w ere p ro v id ed  w ith  a J a r r e t  ru m in a l fis tu la . The 
an im als received a com m ercial m ixed fodder d ie t (300 g /day) su p p lem en ted  
w ith  v itam in s  an d  in o rg an ic  sa lts, p lus m ed iu m -q u a lity  m eadow  h a y  an d
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d rin k in g  w a te r ad lib itum . T w elve hours before  th e  beg inn ing  o f th e  ex p eri­
m e n t feeding was s to p p e d , an d  only  d rin k in g  w a te r w as p ro v id ed , subse­
q u e n tly  0.6 or 0.8 g /kg b o d y  w eigh t (bw t) levels’ o f u rea  w ere ad m in is te red  
d ire c tly  in to  th e  ru m e n  th ro u g h  th e  J a r r e t  f is tu la , m ixed in  100 g fodder p lus 
400 m l w ate r. T he c o n tro l an im als received  th e  sam e d ie t, w ith o u t u rea . 
S am ples o f blood an d  ru m in a l flu id  w ere ta k e n  from  b o th  co n tro l and  urea- 
tr e a te d  anim als from  th e  ju g u la r  vein  and  th ro u g h  th e  J a r r e t  f is tu la , respec­
tiv e ly , a t  zero tim e  a n d  1.5, 3, 4.5, 6 an d  8 hours a fte r  feed  consum ption .

A n a ly tica l methods

T he am m onia c o n te n ts  o f ru m en  flu id  an d  blood w ere d e te rm in ed  by  
th e  m icrodiffusion m e th o d  ( J u h á s z  and  S z e g e d i , 1958). T he h a e m a to c rit 
v a lu e  of th e  blood w as also  m easured .

T he experim en ts w ere  p erfo rm ed  w ith  42K . T he iso tope  w"as ad m in is te red  
to  th e  anim als as 42KC1 (1 mCi/ml) iso ton ic  so lu tion  b y  in tra v e n o u s  ro u te  
12 h o u rs  before th e  ex p e rim e n t. T he dose w as so selected  th a t  a c tiv ity  of th e  
sam ples should be a b o u t 100 ^Ci a t  th e  beg inning  o f th e  ex p erim en t. T he 
a c tiv i ty  o f th e  sam ples (b lood , p lasm a, e ry th ro cy tes) w as d e te rm in ed  using 
a w e ll-type  sc in tilla tio n  d e te c to r  and  a GAMMA N K  108 co u n te r.

M athem atical evaluation

T he ex p erim en ta l d a ta  o f th e  tw o g roups (contro ls, an d  u re a - tre a te d  
an im als) viz., b lood  am m o n ia  c o n cen tra tio n , changes in  th e  42K  a c tiv ity  in  
b lood , p lasm a and  e ry th ro c y te s , d is tr ib u tio n  of th e  iso tope  betw een  p lasm a 
a n d  cells, were ca lcu la ted  an d  expressed  as p e r cen t th e  in itia l (0 hour) value. 
T h e  co rre la tion  b e tw een  b lood  am m onia  level an d  p e rc e n tu a lvchanges o f d is­
t r ib u tio n  (k) was e s ta b lish e d  from  all m easu red  values. C alcu la tions w ere also 
m ad e  in  th e  lin ear an d  e x p o n en tia l re la tio n s.

T he blood am m onia  co n cen tra tio n  (F ig . 1) of th e  con tro ls  rose s ligh tly  
1.5 h ou rs a fte r feed c o n su m p tio n , th e n  fell, an d  rose s ligh tly  again  d u ring  th e  
6 th  h o u r; in  u re a - tre a te d  an im als i t  increased  m ark ed ly  u n til  th e  3rd  h o u r, 
th e n  fell g rad u a lly  b u t  s till rem ain ed  above th e  in itia l v a lu e  a t  8 hours.

T he 42K a c tiv ity  o f  whole blood (F ig. 2) o f contro ls increased  u n til  4.5 
h o u rs , w hereafter i t  decreased ; in  th e  u re a - tre a te d  an im als i t  fell u n til  th e  
3 rd  hour, th en  rose.

The a c tiv ity  o f  th e  p lasm a  (F ig. 3) o f con tro ls ten d ed  to  decrease u n til  
th e  3rd  hour, th e n  i t  te m p o ra r ily  rose, an d  fell again  d u rin g  th e  6 th  hour. 
T h e  p lasm a 42K  a c tiv i ty  o f u re a - tre a te d  an im als also fell u n til  th e  3rd  ho u r 
a n d  afte rw ards rose g ra d u a lly  u n til  th e  end  of th e  ex p erim en t. T he rise co in­
c id ed  w ith  th e  fall o f  th e  am m onia  level. T he decrease of p lasm a  42 К  a c tiv ity
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Fig. 1. D ynam ics of b lood  am m onia  a f te r  u re a  tre a tm e n t.
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F ig . 3. Changes o f 42K  a c tiv ity  of b lood  p l a s m a . ----------C ontrol; - - - - - -  u rea  i.r.

X

Fig. 4. Changes o f 42K  a c tiv ity  of e ry th ro c y te s . ----------  C ontrol; - ............ u rea  i.r.

o ccu rred  in  b o th  cases w hen  th e  am m o n ia  co n cen tra tio n  w as a t  p eak  in  th e  
b lood .

T he 42K a c tiv ity  o f th e  e r y th r o c y te s  (F ig . 4) of contro ls rose slowly b u t  
co n sis ten tly , show ing a te m p o ra ry  fa ll o n ly  d u ring  th e  6 th  h o u r; in  nrea- 
t r e a te d  anim als i t  te n d e d  to  fall an d  re m a in e d  a t  a low level from  th e  th ird  
h o u r  u n til  i t  b egan  to  increase a f te r  6 h o u rs .
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Results

The distribution  coeffic ien t (F ig . 5) viz., th e  d is tr ib u tio n  of 42K  betw een  
e ry th ro c y te s  and  p lasm a  o f th e  con tro ls  followed th e  course of th e  cu rve  for 
th e  42K  a c tiv ity  of th e  e ry th ro c y te s  (F ig. 4); in  u re a - tre a te d  an im als i t  show ed 
a fa lling  ten d en cy  th ro u g h o u t th e  en tire  period  of th e  ex p e rim en t. T he d a ta  
o f th e  experim en ts are  su m m arized  in  T ab le  I.

Table I

B lood am m onia  level, 42K  a c tiv itie s  in  b lood, p lasm a and e ry th ro c y te s , a n d  th e  d is tr ib u tio n  
coefficien t o f 42K  betw een  p lasm a  an d  red  cells expressed  in  p e rce n ta g e  of th e  in it ia l  levels

Samples
tim e

hours

Blod
42K  activ ity  in

D istribution
level Plasma E rythrocytes

coefficient (k)

% s* %  S* %  S* % [ S* % 1 S*

C ontrol anim als

0 100 — 100 — 100 — 100 — 100 —

1.5 135 ± 3 5 99 ± 2 97 ± 4 108 ± 7 112 ± 1 1

3 107 ± 3 102 ± 7 91 ± 6 132 ± 1 2 145 ± 1 2

4.5 111 ± 4 105 ± 8 92 ± 1 138 ± 1 7 149 ± 1 7

6 140 ± 2 1 102 ± 4 94 ± 3 123 ± 1 6 133 ± 2 2

8 115 ± 0 97 ± 1 0 85 ± 2 147 ± 5 2 170 ± 5 6

U rea-trea ted  anim als

0 100 — 100 — 100 — 100 — 100 -

1.5 496 ± 2 4 7 92 ± 3 97 ± 7 87 ± 6 91 ± 1 1
3 695 ± 9 7 76 ± 0 84 ± 6 64 ± 6 78 ± 1 2

4.5 477 ± 2 2 80 ± 5 85 ± 9 73 ± 2 89 ± 1 0

6 406 ± 4 81 ± 1 91 ± 5 63 ± 4 69 ± 5

8 274 ± 6 1 93 ± 2 99 ± 5 84 ± 7 86 ± 1 1

S*, s ta n d a rd  dev ia tio n

Discussion

T he K + co n ten ts  o f b lood  p lasm a and  e ry th ro c y te s  d iffer m arked ly . 
K o l b  (1967) gives th e  co n cen tra tio n s  o f K + in  sheep b lood , p lasm a and  
e ry th ro c y te s  as 35, 18 an d  80 m g/100 m l, respective ly . T he u n eq u a l con­
c e n tra tio n s  o f K + are  re la te d  to  th e  ex tra - and  in tra c e llu la r  d is tr ib u tio n  of 
ca tio n s  an d  anions, w hich  applies p a rtic u la r ly  to  K + a n d  N a  + . The passage 
o f  K + from  th e  ex trace llu la r f lu id  in to  th e  in trace llu la r space  is an  energy- 
req u ir in g  tra n sp o r t  process. R elease of K + from  th e  cells ta k e s  p lace b y  dif-
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F ig . 5. D ynam ics in th e  d is t r ib u t io n  (k) of К  in th e  blood a f te r  u re a  tre a tm e n t.
C o n tro l; - - - - - -  u re a  i.r.

F ig . 6. Correlation b e tw een  ch an g es o f blood am m onia  level (% )  a n d  a2K  d istrib u tio n  co­
efficient
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fu sion . The flow of N a + betw een  th e  tw o system s requ ires reverse  conditions 
o f  energy . I f  th e  energy -p roducing  processes of e ry th ro c y te s  are p a ra ly zed  
w ith  m onoiodoacetic  acid, th e  tra n s p o r t  of K + across th e  cell m em brane  will 
decrease  w hereas th e  release of K + from  th e  cell will c o n tin u e  as usually , so 
t h a t  th e  K + co n cen tra tio n s of th e  tw o system s becom e eq u ilib ra ted  in d u e  
cou rse  ( W e b b , 1966).

In  th e  con tro l an im als, ab so rp tio n  of a g rea te r a m o u n t o f K + from  th e  
feed  resu lted  in  a rise o f K + in th e  b lood  a fte r  feeding (F ig . 2). T he rise was 
d u e  to  th e  increased  K + co n ten t of e ry th ro cy te s  (Fig. 4), w hereas th e  42K  
a c tiv i ty  (Fig. 3) an d  th e  K + c o n te n t o f th e  p lasm a fell. T h is d im in u tio n  is 
re la te d  to  renal fu n c tio n  in  ru m in a n ts . A fte r food in tak e , th e  k id n ey  elim inates 
m ore  K + th a n  N a +, th u s , s im u ltan eo u sly  w ith  a te m p o ra ry  rise of in tr a ­
ce llu la r K + and  fall o f ex trace llu la r K +, reserves ( J u h á s z  an d  S z e g e d i , 1958,
1969) w hich begins to  norm alize a f te r  4.5 hours. A t th e  sam e tim e , th e  per- 
c e n tu a l d is trib u tio n  o f 42K betw een  e ry th ro cy te s  and  p lasm a f lu c tu a te d  con­
s id e rab ly  (Fig. 5).

In  earlier s tud ies ( S z e g e d i  an d  J u h á s z , 1971) th e  ra te s  o f decom position  
an d  u tiliza tio n  of th e  ad m in is te red  u rea  v a ried  in d iv id u a lly . B lood am m onia 
rose to  a lower level in  those an im als w hich u tilized  th e  u rea  well, com pared  
to  th o se  w hich e ith e r u tilized  i t  less effic ien tly  or were given th e  h igher dose
(F ig . 1).

In  sheep g iven  u rea , th e  42K  a c tiv ity  o f th e  p lasm a  decreased  m ore 
m a rk e d ly  th a n  in  th e  contro ls (F ig. 3) an d  th e re  was a s im u ltan eo u s red u c tio n  
in  th e  42K  ac tiv ity  o f th e  w hole b lood  (F ig . 2). U nlike con tro ls , th e  e ry th ro cy tic  
42K  a c tiv ity  also fell (F ig . 4). I t  w as show n earlier ( S z e g e d i  a n d  J u h á s z , 1971) 
t h a t  4 hours a fte r th e  a d m in is tra tio n  o f u rea , its  u r in a ry  ex c re tio n  increased  
co n sid e rab ly  and increased  am o u n ts  o f K + w ere elim inated . T h is fin d in g  can 
ac c o u n t for the  m ark ed  decrease o f p lasm a 42K  a c tiv ity  (F ig . 3), b u t can n o t 
ex p la in  th e  a c tiv ity  decrease of 42K  in  th e  e ry th ro cy tes  (F ig . 4). Since th e  
h a e m a to c rit value changed  to  an  eq u a lly  m odera te  degree in  b o th  th e  con tro l 
an d  u re a - tre a te d  an im als, i t  is concluded  th a t  th e  fall o f th e  e ry th ro cy tic  
42K  a c tiv ity  does n o t necessarily  m ean  a decrease of th e  to ta l  ion  co n cen tra ­
tio n , n o r of w ater in ta k e . I t  seems th a t  th e  rise of blood am m o n ia  level in h ib its  
th e  tra n s p o r t  of K + from  th e  ex tra c e llu la r  space in to  th e  cells, an d  p rom otes 
th e  release of К + from  th e  cells b y  d iffusion.

I t  was found th a t ,  owing to  th e  in h ib ito ry  action  of am m o n ia , a ce rta in  
c o rre la tio n  exists be tw een  th e  rise o f b lood  am m onia level an d  th e  d is tr ib u tio n  
q u o tie n t of K + . T he h igher th e  b lood am m onia  level, th e  g re a te r  th e  inh ib itio n  
o f К  +-tra n sp o rt in to  th e  e ry th ro cy te s . A n eq u a tio n  of regression  w as fo rm u ­
la te d  to  express th is  co rre la tion  betw een  blood am m onia level an d  d is trib u tio n  
q u o tie n t (Fig. 6). W hen  ca lcu la ted  w ith  linear values, th e  co rre la tio n  coeffi­
c ien t w as found to  be r =  0.5501. Since th e  g raph ica l p re se n ta tio n  an d  com pari-
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son  o f  p a ired  values su g g ested  th e  co rre la tio n  to  be ex p o n en tia l ra th e r  th a n  
lin e a r , th e  values o f th e  b lood  am m onia  co n cen tra tio n  w ere p lo tted  ag a in st 
th e  lo g arith m s of th e  d is tr ib u tio n  q u o tie n t. The co rre la tio n  coefficient of th e  
reg ressio n  th u s  c a lc u la ted  w as r =  0.6287.

T he precise m ech an ism  of th is  phenom enon  rem ain s to  be c larified  b y  
fu r th e r  in  vitro s tud ies. T h is  w ill inc lude  th e  in fluence  o f v a rio u s co n cen tra tio n s 
o f  am m o n ia  on K + tr a n s p o r t  an d  com parison  o f th e  in h ib ito ry  effect to  th a t  
o f  m onoiodo acetic  acid .

W e are aw are t h a t  N a + an d  w a te r  m etabo lism  are  also invo lved  in  th e  
p rocess, and  ex p erim en ts  w ith  rad io so d iu m  (24Na) are  in  progress to  o b ta in  
m ore  in fo rm atio n  on th e  prob lem .

[Summary]

T he d is trib u tio n  o f 42K  be tw een  w hole b lood, p lasm a an d  e ry th ro cy te s  w as stu d ied  
in  sheep  a f te r  in tra ru m in a l a d m in is tra tio n  of 0 .6 — 0 .8  g /kg b o d y  w eigh t u rea , a t  rising  con­
c e n tra tio n s  of blood am m o n ia .

T he am m onia  c o n te n t o f ru m en  f lu id  a n d  blood an d  h a e m a to c rit  value  w ere d e te r­
m in ed . T he 42K  isotope w as ad m in is te re d  i.v . T he ac tiv ities  of b lood , p lasm a  and  e ry th ro cy te s  
w ere  de te rm in ed  a t  zero t im e  a n d  1.5, 3, 4.5, 6 an d  8 h o u rs  a f te r  ad m in is tra tio n  of u rea .

In  sheep given u re a , th e  42K  a c tiv ity  o f th e  p lasm a  d ecreased  m ore m ark ed ly  th a n  in  
th e  co n tro ls  and  th ere  w as a  sim u ltan eo u s re d u c tio n  in  th e  42K  a c tiv ity  of whole blood. U nlike 
c o n tro ls , th e  e ry th ro c y tic  42K  a c tiv ity  also fell.

I t  seems th a t  th e  rise  o f th e  b lood  am m onia  level in h ib its  th e  tra n sp o rt  o f K + from  
th e  e x trace llu la r  space in to  th e  cells, an d  p ro m o tes th e  re lease  o f  K + from  th e  cells b y  
d iffusion .

I t  was found  th a t ,  ow ing to  th e  in h ib ito ry  action  of am m o n ia , a certa in  co rre la tio n  
ex is ts  betw een  th e  rise o f b lo o d  am m onia  level an d  th e  d is tr ib u tio n  q u o tien t fo r K +. T he 
h ig h e r th e  blood am m onia  lev e l, th e  g re a te r  th e  in h ib itio n  o f K  + t r a n s p o r t  in to  e ry th ro cy te s . 
A n  e q u a tio n  of regression  w as fo rm u la ted  to  express th e  c o rre la tio n  be tw een  blood am m onia  
lev e l a n d  d is trib u tio n  q u o tie n t
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CYTOTOXICITY STUDIES ON T-2 FUSARIOTOXIN
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H u n g a rian  A cadem y o f Sciences, B u d ap est

(R eceived M arch  12, 1974)

M any stra in s  of th e  genus F u sa riu m  have m etabo lic  p ro d u c ts  to x ic  fo r 
b o th  m an  an d  farm  anim als. The m ain  to x ic  p ro d u c ts  o f F u sa riu m  fun g i are  
th e  oestrogen ic  zearalenone (F-2), 12, 13-sp iroepoxysesqu iterpeno id  d e r iv a ­
tiv e s  (to x in  T-2, d iacetoxyscirpeno l, n ivaleno l, fu sa ren o n -X , solaniol, etc .) 
an d  b u ten o lid e .

A p a r t  from  chem ical p rocedures ( th in -lay e r ch ro m a to g rap h y , u ltra v io le t 
an d  in fra re d  sp ec tro p h o to m etry , gas ch ro m a to g rap h y , e tc .), b iological assays 
are s till im p o r ta n t m eans of to x in  d em o n stra tio n , because  m an y  to x in s  ca n ­
n o t be p recisely  id en tified  b y  an a ly tic a l m ethods alone.

In te re s t  has recen tly  been focussed  on th e  sesq u ite rpeno ids, com pounds 
o f  tr ic h o th e c a n e  s tru c tu re , in  co n n ec tio n  w ith  ae tio log ical s tu d ies  on  th e  
fu sario tox icosis  of dom estic an im als. T h e  chem ical assay  o f th ese  to x in s  is 
h am p ered  b y  th e  fac t th a t  th ey  do n o t show  fluorescence in  u ltra v io le t lig h t 
an d  as y e t  no specific re a c ta n ts  h av e  fo u n d  to  th em .

Several au th o rs  hav e  stu d ied  th em  b y  cu tan eo u s te s t  (E ll is  an d  Y a t e s , 1971; U en o  
e t  ah , 1971a, b, c) and in  tissu e  cu ltu re  (U en o  e t  ah , 1972) a n d  a usefu l assay  based  on a 
se lective  m icroorgan ism  w as also developed (B u r m e ist e r  a n d  H e s s e l t in e , 1970).

T he p resen t p a p e r is a re p o rt on s tu d ies  of th e  fu sa rio to x in  T-2 in  tissu e  
cu ltu re .

A ccord ing  to  lite ra ry  d a ta , T-2 is ch iefly  p roduced  b y  c e r ta in  s tra in s  o f Fusarium  
tricinctum  (B amburg  e t ah , 1967), b u t i t  w as also d em o n s tra ted  w ith  th e  species F. solani, 
F. rigidiusculum  and  F. roseum, F. sporotrichioides an d  F. poae (U en o  e t  ah , 1972b). I t  was 
severa l y ea rs  earlier th a t  th e  R ussian  a u th o r  Ol if s o n  (1965) a t t r ib u te d  th e  to x ic ity  o f th e  
la t te r  tw o  species to  to x ic  fun g a l p ro d u c ts  o f s te ra n e  s tru c tu re  (sporo- an d  poaefusariogenine). 
A ccord ing  to  th e  system atics  o f Sn y d e r  an d  H a n s e n  (1940), F. sporotrichioides an d  F. poae 
are  sy n o n y m s of F. tricinctum.

Materials and Methods

T o x in  T-2. A pu re  c rysta lline  to x in , p rep ared  in  th e  In s t i tu te  of P ro fessor 
Y oshio  U e n o  (Jap an ) w as used th ro u g h o u t. To m ake a stock  so lu tio n  of 
500 m cg/m l, th e  to x in  w as dissolved in  s ligh tly  h ea ted  w ater.
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Tissue culture. T h e  p e rm a n e n t p ig  k id n e y  ep ith e lia l cell line PK -15 w as 
u sed  th ro u g h o u t. A fte r  th e  o u tg ro w th  o f th e  co n flu en t m onolayer, the  g row th  
m ed iu m  was d iscard ed  a n d  7 m l of an  0 .25%  try p s in  so lu tion  w as added  to  
th e  c u ltu re  w hich w as th e n  in cu b a ted  a t  37 °C u n til  cells began  to  d e tach . 
A f te r  in cu b a tio n , 7 m l o f  M 199 m ed ium , co n ta in in g  10%  co lostrum -deprived  
c a lf  serum  and  a n tib io tic s  (s trep to m y c in , m y co sta tin ) w as ad d ed . The cell 
su spension , 14 m l in  f in a l volum e, w as d iv ided  in to  tw o e q u a l p a rts : 7 m l 
w ere used  for fu r th e r  p assag e , th e  re s t w as d is tr ib u te d  to  L e ig h to n  tub es each  
p ro v id e d  w ith  a coverslip .

Titration  o f  tox in  T -2  in  tissue culture. T he  T-2 sto ck  so lu tion  (500 m cg/m l) 
w as d ilu ted  in E a r le ’s so lu tio n  in  ten fo ld  seria l s teps, th u s  six  d ilu tions from  
50 m eg to  0.0005 m cg/m l w ere p rep ared . F o u r tu b e  cu ltu res  w ere in o cu la ted  
w ith  each d ilu tion , 0.1 m l/tu b e . T he resu lts  w ere read  u n d e r th e  m icroscope 
1, 2, 3, 4, 21, 22, 23, 24 an d  48 hours la te r .

Sta in ing  procedure. Tw o sta in in g  tech n iq u es  w ere em ployed , h aem ato x y - 
lin -eosin  and acrid ine  o range ( B o d o n , 1967). P re p a ra tio n s  s ta in ed  w ith  ac ri­
d ine  o range were e x tra c te d  w ith  50%  e th a n o l an d  s ta in e d  again  w ith  haem a- 
to x y lin  and  eosin.

Rabbit cutaneous test. This was perfo rm ed  w ith  ten fo ld  serial d ilu tions 
o f  th e  tox in  in  an  iso to n ic  p h o sp h a te  bu ffer o f p H  7.4, on w hite  N ew -Z ealand 
ra b b its .  F rom  each  d ilu tio n  0.01 ml w as in jec ted  in to  th e  d ep ila ted  skin.

Results

Tissue culture. N o cell changes occurred  d u rin g  th e  f irs t  four hours a fte r  
in o cu la tio n . The c y to to x ic  effect began  to  develop a fte r  21 hours. The tim e  
o f ap p earan ce  of c y to to x ic ity  w ith  th e  d iffe ren t d ilu tions can  be seen in  
T a b le  I.

Table I

C yto tox icity  assay o f T-2 in tissue culture

T-2 toxin 
dilutions, 
mcg/ml

Time of appearance of cytotoxic effect (hours after inoculation)

1 2 3 4 21 24 28

5 0 0 0 0 + + +
0 .5 0 0 0 0 + + +

0 .0 5 0 0 0 0 + + 4-
0 .0 0 5 0 0 0 0 + + +

0 .0 0 0 5 0 0 0 0 0 0 0

0 .0 0 0 0 5 0 0 0 0 0 0 0

C on tro l 0 0 0 0 0 0 0

0, no cyto tox ic  effect 
-f- distinct c y to to x ic  effect
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D escription o f  the cytotoxic changes. B o th  s ta in in g  tech n iq u es  em ployed 
revealed  th e  following changes: th e  con flu en t m ono layer becam e d isco n tin u ­
ous, an d  th e  cells w ere lin k ed  w ith  one a n o th e r h y  e lo n g a ted  cy top lasm ic 
bridges w hich show ed a n e tlik e  p a tte rn . T here  w ere m a n y  cell-free areas, in  
w hich th e  d e te rio ra ted  cells becam e d e tach ed  from  th e  tu b e  w all. T he degree 
o f changes was p ro p o rtio n a l to  th e  degree of d ilu tio n ; th e  la s t  tw o  d ilu tions 
o f th is  series h ad  no v isib le  cy to to x ic  effect.

Cells a t  th e  m arg ins o f  th e  cell-free areas w ere p y k n o tic , an d  sm aller and  
longer th a n  th e  co n tro l cells. T he nucleus o ften  fell a p a r t  to  sm all globules 
(karyo rrhex is), th e  cy to p lasm ic  R N A  co n ten t decreased  an d  cy top lasm ic 
vacuoles appeared .

Rabbit cutaneous test. This p roved  to  be less sensitiv e  th a n  th e  tissue 
cu ltu re  te s t. The d erm ato x ic  effect w as read  48 and  72 h ours a fte r  inocu la tion . 
T he m ax im um  in tra d e rm a l dose co n ta in ed  5 meg to x in , w hich  e lic ited  a d is tin c t 
local cu taneous lesion. A fte r 48 hours th e  sk in  ex h ib ited  red d en in g  an d  was 
sw ollen and  painfu l in  an  a b o u t 1 cm 2 area. In o cu la tio n  o f 0.5 m eg to x in  was 
follow ed b y  a sim ilar, b u t  m ilder, change and  th e  fu r th e r  d ilu tio n s elicited 
no cu tan eo u s reac tio n  w h a tev er.

D iscussion

A m ong th e  m etabo lic  p ro d u c ts  o f F usarium  fungi, to x in  T-2 is one of 
th e  m ost dangerous cy to to x ic  agen ts. T he p resen t s tu d ies  w ere aim ed  a t th e  
com parison  of these  tw o biological assays. O u t of th e m  th e  tissu e  cu ltu re  te s t 
p roved  to  be m ore sen sitive  an d  i t  seem s to  be su itab le  fo r th e  q u a n tita tiv e  
d e te rm in a tio n  o f th e  to x in . T he co rre la tion  betw een  to x in  c o n c e n tra tio n  and  
m icroscopically  visib le h isto log ical an d  cy to tox ic  changes was a lm o st linear. 
T he f irs t cy to to x ic  changes ap p eared  a fte r  21 hours an d  p rog ressed  gradually , 
depend ing  on th e  dose, u n til  th e  end  of th e  o b se rv a tio n  perio d  a t  48 hours.

C om parison of th e  re su lts  o f cu tan eo u s and  tissue  c u ltu re  te s ts  showed 
th e  la t te r  to  be 100 tim es m ore sensitive  th a n  th e  fo rm er. T he m inim al 
dem o n strab le  am o u n t of to x in  w as 0.005 m eg/tube  in  tissu e  c u ltu re , w here­
as in  th e  cu taneous te s t  0.5 m eg elic ited  only  a v e ry  s ligh t reac tio n .

T he role o f to x in  T-2 h as  up  to  now  been co nsidered  in  tw o an im al 
diseases. In  th e  U n ited  S ta te s , E l l i s  and  Y a t e s  (1971) described  th e  so- 
called fescue foot disease o f c a ttle  as a cond ition  caused  b y  th e  fungus F. tri- 
cinctum , grow ing on th e  ta l l  fescue (F estuca  arundinacea). A p a r t from  T-2,
F . tricinctum  p roduces b u ten o lid e  an d  o th e r T-2-like sc irpeno l d e riva tives. 
T he disease occurs in  an im als tu rn e d  o u t on p as tu re . I ts  m ain  sy m p to m s are 
lam eness o f th e  h ind  legs, in  severe cases gangrene o f  th e  ex trem itie s , ta il  and 
ear, occasionally  d e ta c h m e n t o f th e  ho rn  of th e  foo t. In  J a p a n  U e n o  e t al.
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Fig. 1. N orm al c u ltu re  o f  th e  PK -15  k idney  ep ith e lia l cell line. C ontro l, X 60

Fig. 2. PK -15  cell cu ltu re  21 hours a fte r  in o cu la tio n  w ith  T-2 to x in . X 60
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(1972b) found  in  th e  course of aetiological s tu d ies  on th e  hu ll poisoning of horses 
th a t  i t  was caused  b y  to x in s  of tr ich o th ecan e  s tru c tu re , p ro d u ced  b y  F usarium  
species in fecting  th e  b ean . The sym ptom s o f th e  acu te  or sem i-acute  tox icosis 
are  d is tu rb an ces o f th e  cen tra l nervous sy stem , convu lsions, m otoric  d iso rders, 
com pulsive m ov em en ts , clonic convulsions o f ce rta in  m uscle groups, re sp ira ­
to ry  tro u b le  and  severe  circu la tion  d isorder.

In  H u n g ary , th e re  has been no evidence o f th e  ae tio log ical role of T-2 a n d  
o th e r scirpenol d e riv a tiv e s  in th e  fusario tox icosis o f dom estic  anim als, b u t  
since to x in -p ro d u c in g  F usarium  fungi are w idely  sp read  in  th is  co u n try  a n d  
to x in  p ro d u c tio n  is fav o u red  by  th e  clim atic  cond itions, th e ir  p robable  re ­
sp o nsib ility  c an n o t be  excluded.

Acknowledgement. T he au th o rs  are in d eb ted  to  P rofessor Jo sh io  U e n o  (Ja p an )  fo r 
supp ly ing  th e  T-2 to x in  p rep ara tion ,

Sum m ary

T he to x in  T -2, p ro d u c ed  by  several species o f F u sa riu m  fung i w as te s te d  for c y to to x ic  
effect in  tissue cu ltu re  a n d  ra b b it  cu taneous te s t. T he tissu e  cu ltu re  p ro v e d  to  be very  sensi­
tiv e , v iz., as l ittle  a m o u n t o f to x in  as 0.005 m cg /tube  a lread y  e lic ited  w ell-defineable c y to to x ic  
changes. Cell changes w ere  re ad  a fte r  sta in ing  w ith  acrid ine  orange  a n d  haem ato x y lin  a n d  
eosin. T he m ain  changes w ere d isco n tin u ity  o f th e  m o no layer, im p a rtin g  a netlike  app earan ce  
to  th e  cell sheet, and  p y k n o sis  and  rhex is of th e  nuclei. T he tissue  cu ltu re  te s t  is su itab le  fo r 
q u a n ti ta t iv e  t i t r a tio n  of th e  p u re  to x in . The low est a m o u n t o f to x in  d e tec tab le  b y  th e  ra b b it  
cu tan eo u s te s t was 0.5 m eg.
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I t  was in  1955 t h a t  H e l l e r  e t al., gave a cc o u n t o f a m y xov irus in fec tion  f irs t obse rv ed  
am ong  horses, in  th e  course o f an  o u tb reak  in  Sw eden. T he epidem ic sp re ad  in  th e  su b seq u e n t 
y e a r to w ard  C en tra l E u rope, viz. in the  su rro u n d in g s o f D resden a n d  P rague . In  P ra g u e  an  
in flu en za  v iru s, th e  f ir s t  one iso lated  from  horses w as recovered  b y  S ovinová  e t al. (1958). 
T his rep re se n ted  a new  su b ty p e  of influenza A v iru se s, now classified as A  /equine/ Prague/1/56 
( H e q lN e q l)  o r equ in e  А - l  su b ty p e  of in flu en za  v iru s. Serological ev idence in d ic a te d  th e  
p resence of th is  v iru s n o t only in certa in  E u ro p ea n  coun tries b u t  also in  o th e r areas, in d ic a t­
ing t h a t  horses in  th e  U n ited  S ta tes  as well as in  A u s tra lia  and  A frica h a d  been a tta c k e d  by  
1957. In  c e rta in  a reas th e  in fection  of horses w as subclin ical (U SA , 1963, G reat B rita in , 
1965, etc.).

A new  severe  o u tb rea k  was observed a t  M iam i, F lo rida, e arly  in  1963. An in flu e n za ­
like disease w as p rev io u sly  no ticed  in  th o ro u g h b red s  im p o rted  from  A rg en tin a  by  air. A s t r ik ­
ing fe a tu re  o f th is  o u tb rea k  was th a t  horses o f all ages were eq u ally  affected . S u b seq u en t 
lab o ra to ry  in v es tig a tio n s  m ade by  W a d d el l  e t al. (1963) revealed  t h a t  th is  o u tb re a k  w as 
caused  b y  an  earlie r u n k n o w n  su b ty p e  of in flu en za  A v iru s, d ifferen t from  equine А - l ,  now  
te rm ed  А /eq u ine /M iam i/1 /63( H eq2N eq2), th e  p ro to ty p e  s tra in  o f th e  su b ty p e  equ ine  A-2. 
T his ep idem ic sp re ad  v e ry  qu ick ly  am id  s ig n ifican t severe clinical signs. In  th e  ep idem ic  
areas ab o u t 80%  o f th e  horses were affected  in  th e  sam e y ear an d  th e  disease also sh o rtly  
a p p ea red  in C anada. In  E u ro p e , th is su b ty p e  w as f irs t  recognized b y  its  sym ptom s in  G re a t 
B rita in , th e n  in  o th e r  W est-E u ro p ean  countries as well.

H orses in  12 stocks were screened in H u n g a ry  by  R omváry  e t al. in  1965 fo r H I  a n ti ­
bodies to  th e  in flu en za  equine А- l  and  equine A-2 su b ty p e  v irus b u t  an tib o d ies w ere fo u n d  
on ly  ag a in st su b ty p e  equ ine А - l .  The incidence o f these  an tibod ies am ong th e  raceh o rses 
p ro v ed  to  be 48%  w hile in  th e  large s ta te  fa rm s i t  w as higher, viz., 63 — 7 6% . In  tw o closely 
con n ec ted  stocks colts 2 and  3 years of age w ere te s te d . Of these, on  an  average, 49%  had 
equ ine  А- l  an tib o d ies . A t th a t  tim e we failed  to  iso la te  th e  virus. T h e  in fluenza equ ine  A-2 
su b ty p e  in fec tion , w ith  iso la tion  of v irus s tra in s  w as f irs tly  recognized in  H u n g a ry  b y  R om ­
váry  e t al. (1968).

M aterials and  M ethods

P ro p e rly  p re tre a te d  nasal secretions ta k e n  from  horses in  acu te  s tag e  
of illness w ere in o cu la ted  in to  th e  am n io a llan to ic  c a v ity  o f 9 —10 days em - 
b ry o n a te d  h en ’s eggs. The horse serum  sam ples were p re tre a te d  w ith  h e a t, 
try p s in  an d  p o tassiu m  p erioda te  as d irec ted  b y  W H O  c ircu la r in  1967. In  th e  
h aem ag g lu tin a tio n  and  h aem ag g lu tin a tio n  in h ib itio n  te s ts  chicken e ry th ro ­
cy tes w ere app lied , and  8 H A  u n its  of v iru s  w ere used in  th e  H I  te s t. A re c e n tly  
iso la ted  in h ib ito r-re s is te n t s tra in  of th e  in flu en za  A H ong  K ong su b ty p e  o f 
h u m an  origin w as used.
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R esu lts

In  M ay 1973, a m ild  acu te  re sp ira to ry  disease in  epidem ic fo rm  h a d  
b ro k e n  ou t in  horse s to ck s in  H u n g ary . I n  a s ta te  farm , am ong  colts and  a d u lt 
ho rses, th e  clinical signs w ere: fever u p  to  40 .2—40.6 °C, anorex ia , deep , 
in it ia lly  d ry  th e n  w et cough ing  w ith  serous-fib rinous n asa l discharge. In  th e  
second  passage of 9 — 10 day s em b ry o n a ted  h e n ’s eggs th re e  h a em ag g lu tin a tin g  
v iru s  s tra in s  w ere iso la ted .

Table I

R esu lts  o f cross H I  te s ts

V irus s tra in s

673 675 671

ra b b it  a n tis e ra  to

A /eq u in e /P rag u e /1 /5 6 A /equine/M iam i/1 /63 А /H ong  K o n g /1/68

viruses

A /e q u in e /P rag u e /l/5 6 (H eq lN eq I) 1 : 256 N N

A /equine/M iam i/l/63(H eq2N eq2) N 1 : 256 .N
А /H o n g  K ong/l/68(H 3N 2) 1 : 4 1 : 8 1 : 512

B251/1/73 1 : 128 N N

The isolates (B 251, B252 and  M36) in  th e  cross H I  te s t  carried  o u t w ith  
r a b b i t  an tise ra , p ro v ed  to  be equine А - l  su b ty p e  s tra in s  (see T able I).

In  certa in  stocks p a ired  blood sam ples w ere co llected  a t  an  in te rv a l of 
18— 32 days from  horses recovered  from  th e  disease. As com pared  to  th e  f ir s t  
sam ples, th e  second sam ples y ielded  in  th e  H I  te s t  m ore p ositive  reac tions an d  
show ed higher t i t re s  (see T ab le  II) .

Specific a n tib o d y  could  n o t be d e te c te d  in  e ith er o f th e  10 sera te s te d  
in  course of th e  f i r s t  b leed ing  from  each  o f  stocks “ S”  an d  “ B ” b u t  21 — 
32 day s la te r  5 sera  in  each  stock  a lread y  reac ted  as p o sitive . A rise in  sero- 
p o s it iv ity  ra te  was o b served  in  th ree  a d d itio n a l stocks. In  stocks “ Szv” , “ K ”  
a n d  “ R ” 93 .3—100%  o f th e  horses gave po sitiv e  H I re a c tio n  to  equine A -l 
v iru s .

F o r stocks w here  th e  age of horses h a d  been know n th e  d is tr ib u tio n  
age-specific incidence o f  an tibod ies has been  in v es tig a ted  (T able I I I ) .  I t  is 
c lea rly  seen th a t  am ong  th e  1— 5 years  old horses th ese  an tibod ies could  be 
d e m o n s tra te d  in  a h ig h e r percen tage, v iz ., 82%  as th a n  in  th e  sera o f 6 — 20 
y ea rs  old ones (62% ). In  all p ro b ab ility  th e  colts till 5 y ea rs  o f age w ere m ore 
suscep tib le  th a n  th e  o lder horses.

F rom  Ju n e  1973 till  M arch 1974, in  19 horse stocks 286 blood sam ples 
h a d  been collected an d  H I  an tibod ies to  in flu en za  equ ine А - l  su b ty p e  v iru s
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Table II

T es tin g  of p a ired  horse sera  fo r th e  p resence of H I  an tib o d ies  
to  in flu en za  equ ine А - l ,  equ in e  A-2 a n d  H ong K ong v iru s

R e su lts  o f H I  te s ts  w ith

S tock D a te s  o f  screening A /P rag u e/1 /5 6 A /M iam i/1/63 A /H o n g  K o n g /1/68

viruses

Szk 24/6/73 3/10 3/10 5/10

20/7/73 8 /1 0 3/10 2 /1 0

S 21/6/73 0 /1 0 0 /1 0 0 /1 0

12/7/73 5/10 0 /1 0 0 /1 0

Nj 25/6/73 4/10 1/10 3/10

13/7/73 9/10 1/10 2 /1 0

D 27/6/73 2/15 3/15 5/15

23/7/73 7/10 3/10 3/10

В 18/6/73 0 /1 0 1/10 2 /1 0

20/7/73 5/10 1/10 1/10

Szv 20/9/73 14/15 0/15 3/15

к 11/7/73 10/14 0/14 5/14

22/2/74 9/9 1/9 0/9

R 11/6/73 2 /1 0 4/10 1/10

28/2/74 2 0 /2 0 7/20 0 /2 0

Table III

D is tr ib u tio n  by  age of horses se ro positive  to  in flu en za  equ ine  А - l  v iru s in H I  te s t

A ge in  y ea r
T o ta lS to ck

1 2 3 4 5 6-10 11-20

Szv — _ 4/5 5/5 — 4/4 i / i 14/15

Ds — — — — 0/1 3/6 6/8 9/15

В - 0/1 2/3 - — 5/8 1/3 8/15

Szg — — — — 1/2 3/10 1/3 5/15

К 2/2 3/4 1/1 2/4 — 1/3 1/4 10/18

K y - — 4/4 4/4 3/3 6/9 2/2 19/22

H — - 2/2 4/4 2/10 2/2 10/18

R - - - - - 6/6 14/14 20/20

2/2 3/5 11/13 13/15 8/10 30/56 28/37 95/138

37/45 58/93

(82.2%) (62.3%) (68.8%)

3  Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



460 ROMVÁRY et al.

could  be d e tec ted , in  162 (56.6% ) of th e se , m o stly  up  to  a serum  dilu tion  
o f 1 : 16— 1 : 64. In  each  sto ck  positive in d iv id u a ls  h ad  been  in  a va riab le  ra te .

In  e igh t stocks th e  in fection  h a d  been  m ore in tense , th e  se ro p o sitiv ity  
was superio r, 87 .6% , a n d  b y  ab o u t 50%  m ore b lood sam ples p roved  to  be 
positive  up  to  1 : 32— 1 : 256 th a n  in  th e  o th e r  stocks.

T he sera w ere sc reen ed  for th e  presence  o f H I  an tibod ies to  in fluenza  
equine A-2 and  only  51 (17 .8% ) of th e  sera  co llected  from  horses over 5 years of 
age gave positive re a c tio n  up to  a serum  d ilu tio n  o f 1 : 10— 1 : 40. Sera of 
horses th a t  had  p ro v ed  to  be negative  in  th e  course of th e  f irs t  te s tin g  con­
s is ten tly  rem ain ed  n e g a tiv e .

T he horse sera  w ere  tested  s im u ltan eo u sly  w ith  a recen tly  iso la ted  in ­
h ib ito r-re s is ta n t s tra in  o f  th e  in fluenza A H ong  K ong su b ty p e  of hu m an  origin. 
In  th e  H I  te s t 39 (1 3 .6 % ) were positive  u p  to  a serum  d ilu tio n  of 1 : 10— 
1 : 160. I t  was ev idenced  th a t  th e  H ong  K ong  an tibod ies could only  be d is­
closed in  sera co llec ted  t i l l  la te  S ep tem ber, 1973, th a t  is, 5— 8 m o n ths a fte r 
an  in ten siv e  w ave o f  in flu en za  epidem ic in  h u m an s in  th e  very  sam e area.

Discussion

In  H u n g ary , th e  acu te  re sp ira to ry  disease in  horse stocks caused  b y  
in fluenza  equine А - l  su b ty p e  v irus b roke  o u t p ro b ab ly  in  M ay, 1973. O f th e  
b lood sam ples ta k e n  ra n d o m ly  in  la te  J u n e  on ly  few if  an y  p roved  to  be posi­
tiv e  in  th e  H I te s t , b u t  in  J u ly  th e  n u m b er o f seropositive an im als increased  
considerab ly . Some sm alle r stocks, f ir s t  o f all co lt ra ising  p lan ts  w herein  in  
th e  course of a y e a r h o rses  had  no t been b ro u g h t, rem ained  free of in fluenza  
equine А - l  v irus in fec tio n . A fter th e  ep idem ic th e  colts th a t  h ad  been tra n s ­
p o rte d  to  stocks reco v e red  from  in flu en za  in fec tio n  rem ained  seronegative 
for m o n th s. In  som e s to ck s  60— 75%  of th e  horses h ad  dem o n strab le  a n tib o d y
3— 4 weeks follow ing in fec tion . F u r th e r  on , ev ery  in d iv id u a l m igh t have  
in fec ted  in  some s to ck s , w h a t is su p p o rted  b y  resu lts  of H I te s ts  carried  o u t 
in  th e  second sam ples co llec ted  in  stocks “ R ”  an d  “ K ” . T he f irs t ap p earan ce  
of H I  an tibod ies in  th e  second blood sam ples, or a sign ifican t t i t re  increase 
w as accep ted  as ev id en ce  of a recen t in fec tio n . T he sam e is also su p p o rted  
b y  h igh-grade  in fec tio n  o f  th e  horses 1— 5 y ea rs  o f age. T oge ther w ith  a per- 
c en tu a l increase in  th e  in fec tio n  ra te  w ith in  s to ck , th e  H I  t i tre s  w ere increasing .

T he m ild re s p ira to ry  syndrom e acco m p an y in g  in fluenza  equine А - l  v iru s 
in fec tion  can h a rd ly  be  d iffe ren tia ted  from  th e  rh in o p n eu m o n itis , b u t  th e  iso ­
la tio n  o f th e  in fluenza  equ in e  А - l  v iru s s tra in s , fo r th e  f irs t tim e  in  H u n g ary , 
an d  th e  sign ifican t in c rea se  of an tibod ies in  se ru m  of convalescen t horses h ad  
con firm ed  th e  r ig h t diagnosis.

T he low -titre  H I  an tibod ies to  in flu en za  equine A-2 reference v iru s 
s tra in  only  in  sera o f o v e r 5— 6 years old horses shou ld  be considered residual
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ones ex isting  in  an im als  th a t  h ad  got over a severe course o f epizootic in  1968 
caused  b y  in flu en za  equine A-2 su b ty p e  v irus. I n  p a ired  sera  we could recognize 
an  increase of an tib o d ies  to  th is  v iru s in  no case.

I t  has been  show n th a t  horses m ay be in fec ted  b y  th e  hum an  H on g  
K ong su b ty p e  of in flu en za  A v iru s  and  in  th e ir  serum  an tib o d ies  to  th is  v iru s  
m ay  be d em o n strab le . In  accordance w ith  th is , a n ti-H o n g  K ong H I a n t i ­
bodies were d e m o n s tra te d  in  39 (20.6% ) o f th e  horse sera  te s ted  in  Ju n e -  
S ep tem ber, 1973, p ro b a b ly  due to  m ild in fec tions d u rin g  th e  in tensive  in flu en za  
epidem ic in  h u m an s in  th e  p receding  w in te r. F u r th e r  b lood  sam ples w ere 
collected from  156 horses in  th e  w in te r 1973 —1974, i.e., one y ear a fte r  th e  
H ong K ong epidem ic. Specific an tibod ies w ere fo u n d  even  in  none of the  se ra , 
in d ica tin g  th a t  th e  c ircu la tin g  an tibod ies h ad  been  fa irly  soon e lim inated  from  
th e  b lood  stream . In  horse sera  th e  specific ity  o f H I  an tib o d ies  to  th e  H on g  
K ong v iru s has b een  confirm ed by  p ositive  re su lt o f v iru s  n e u tra liza tio n  
te s ts  carried  o u t in  em b ry o n a ted  h en ’s eggs.

Sum m ary

In fluenza  v iru s s tra in s  of th e  equine А- l  su b ty p e  w ere iso la ted  fro m  nasal d ischarge 
of d iseased  horses, in d ic a tin g  m ild acu te  re sp ira to ry  sy m p to m s in th e  course of an  ep izootic  
th a t  b roke o u t in  H u n g a ry  la te  in  M ay, 1973. In  a ffec ted  s tocks o f th e  286 blood sam ples 
co llected  ran d o m ly , 56 .6%  p ro v ed  to  be positive  in  H I  te s t ,  m o stly  u p  to  a d ilu tion  of 
1 : 1 6 - 1  : 64.

R esidual a n tib o d ies  to  equ ine A-2 v irus w ere d e te c te d  on ly  in  17.8%  in  serum  of 
horses over 5—6 y ears  o f age, recovered  from  a severe equ ine  A-2 ep idem ic in 1968.

39 (20 .6% ) of 189 blood sam ples gave positive  re ac tio n  to  H ong  K ong virus 5 to  8 
m o n th s subsequen t to  a  h u m an  epidem ic. These an tib o d ies  soon d isappeared .
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The Coccidia, E im er a , Isospora , Toxoplasm a and Related Genera. E d ite d  by H ammond, 
D. M. an d  Long, P . L. U n iv e rsity  P a rk  P ress, B a ltim o re , B u tte rw o rth s , L o n d o n , 1972,
P p .  4 8 2 .

T he vo lum e, w ritte n  by  te n  co -au th o rs , deals w ith  general p ro b lem s of coccidiology 
a n d  th u s  satisfies an  old d em an d  of coccidium  specia lists . I t  is p r in te d  on  a paper o f h igh  
q u a lity  and  m an y  ligh t and  e lec tro n  m icrographs, draw ings and  tab le s  help  th e  read e r in 
p ro fitin g  from  its  con ten ts. O rie n ta tio n  in th e  te x t ,  w hich  is d iv ided  in to  te n  ch ap ters , is 
fa c ilita te d  by  a sub jec t index.

C hapter 1, w ritten  b y  N. D. Le v in e , deals on  22 pages w ith  th e  sy s tem atics  of coccidia 
an d , above all, w ith  th e  w ork  of th e  sc ien tists  engaged  in  taxonom ic  p ro b lem s. The classifica­
tio n  of th e  su b p h y lu m  A picom plexa  Levine, 1970, is in te res tin g , new  a n d  well-organized, 
a lth o u g h  it will tak e  som e tim e u n til  th e  coccidiologists get accustom ed to  th e  u n usual endings 
o f c e rta in  ta x o n  nam es. — C h ap te r 2, c o n trib u ted  b y  W. C. Marquardt, discusses on 20 pages 
th e  h o st and organ  specificity  o f coccidia, disclosing m u ch  new  in fo rm a tio n  on tissue p re fe r­
ence and  in trace llu la r loca lization  of th e  stages.

In  th e  th ird  c h ap te r  D. M. H ammond describes, on 25 pages, th e  life cycle and  de ­
v e lo p m en ta l course of coccidia. T he know n an d  new  deta ils of th e  cycle are  illu stra ted  by  
m an y  good p ic tu res an d  th e  te x t  gives answ ers to  several open q u estions. I t  is no t surprising  
th a t  th e  au th o r rev erts  to  th e  dev elo p m en ta l p a rticu la ritie s  of E im er ia  bovis several tim es, 
because  i t  was H ammond an d  co-w orkers who exam ined  th e  process in  g re a te r  deta il b y  in ­
geniously  p lanned  experim en ts. T h ey  discovered  th a t  th e  d ev elo p m en ta l cycle of E . bovis 
includes grossly-visible g ian t sch izon ts, w hich h a d  fo rm erly  been re g a rd e d  as globidial o f an  
u n k n o w n  sy stem atic  position . F u r th e r  in v es tig a tio n s based on th is  f in d in g  have  confirm ed 
t h a t  several o th e r species o f E im eria  also have  a g lobid ial endogenous cycle. In  view of th e  
m o d ern  outlook on w hich th e  p re se n ta tio n  of th e  c h a p te r  is based  th e  re a d e r  feels su rp rised  
w h en  m en tion  is m ade of E . g ilru th i. T he im p lica tio n  th a t  th is  g lob id ium like  body, o ccu r­
rin g  in sheep, were a coccidium  is h y p o th e tica l an d  no sy s tem atic  c lassifica tion  is possible 
on  th e  basis o f a single d ev elo p m en ta l stage fo und  in  th e  abom asum . A  d e ta iled  descrip tion  
o f Isospora  developm en t, sporogony  an d  e x cy s ta tio n  increases th e  v a lu e  of th e  ch ap ter.

The new est dicoveries in th e  fie ld  of coccidiology have  been m ad e  b y  electron  m i­
croscopy. The in fo rm atio n  em erg ing  fro m  such  stud ies is sum m arized  b y  E . Scholtyseck in  
th e  fo u rth  ch ap ter, on m ore th a n  40 pages. T he ex tra o rd in a rily  clear a n d  concise descrip tions 
a re  m atch ed  by  a rich  illu s tra tio n  m ate ria l, in clud ing  e lectron  m ic ro g rap h s  and excellent 
d raw ings. The sy s tem atic  re la tio n sh ip  of E im eria , Toxoplasm a, Isospora, Frenkeliae, Besnoi- 
tia  an d  Sarcosporidia  has been confirm ed  by  ce rta in  u l tra s tru c tu ra l  ch arac te ris tics , above 
a ll b y  s tru c tu ra l de ta ils  o f spo rozo ites and  m erozoites. Several e lec tro n  m icrographs a re  
u n iq u e  pieces, doing c red it to  th e  w ell-organized , im p o rta n t p io n eer w ork  conducted  by  
Scholtyseck and  his group.

T he cy tochem ical, physio log ical an d  b iochem ical aspects o f cocc id ium  research  are  
o u tlin ed  by  J .  F . R yley  in th e  f if th  c h ap te r , on a b o u t 35 pages an d  th e  s ix th  ch ap ter, con­
tr ib u te d  by  J .  F . D oran, deals on  70 pages w ith  th e  in  vitro  c u lt iv a tio n  of coccidia. T he 
re ad e r  finds in  these  ch ap te rs  a  su m m ary  of th e  new est research  re su lts  a n d  a rich  lis t of 
references to  assist fu r th e r  in v es tig a tio n s. In  th e  se v e n th  ch ap te r  P . L. L ong describes, on 
a b o u t 40 pages, th e  p a th o g en ic ity  o f coccidia a n d  th e  pa th o lo g y  of th e  diseases caused by  
th em . T he g rea t p rac tica l im p o rtan ce  of p o u ltry  coccidiosis is w ell-know n, a n d  th e  v e te r in a r­
ian  has to  be fam ilia r w ith  th e  coccid ial diseases o f dom estic  m am m als (c a ttle , sheep, ra b b it , 
e tc .)  as well. T he p a th o m ech an ism  of coccidioses is n o t y e t fu lly  u n d e rs to o d . T he in fo rm ation  
sum m arized  in th is  c h ap te r  m ay  also be helpful fo r th e  v e te rin a ry  p ra c tit io n e r , who, never­
th eless, will p ro b ab ly  m iss in s tru c tio n s  concerning th e  p rev en tio n  a n d  co n tro l of coccidiosis 
a n d  advice in  several o th e r  p ra c tic a l p rob lem s. A n o th e r p o in t o f v e te r in a ry  in te res t is th e

Acta Veterinaria Academiae Scientiarum Hungaricae 24, 1974



464 BIBLIOGRAPH! A

p ro b lem  of im m u n ity  to  coccid ia , discussed b y  M. E laine R o s e  in  th e  e ig h th  c h a p te r  on 
40 pages. The au tho ress , v e ry  co rrec tly , does n o t regard  h o st sp ec ific ity  and  age resistance  
as im m unological p h en o m en a . T he excellen t descrip tions o f th e  n a tu re  an d  specificity  of 
a cq u ired  im m u n ity  an d  o f a n tib o d ies  fo rm ed in response to  coccid ia l in fections are  again  no t 
fo llow ed by p rac tica l in fo rm a tio n  w hich w ould  assist an im al h e a lth  specialists engaged in 
coccidiosis control. Im m u n o b io lo g is ts , neverth e less , will find  all in fo rm a tio n  th ey  need in 
th is  v e ry  w ell-w ritten  c h a p te r .

D uring  th e  recen t y e a rs  th e  p rob lem  o f toxop lasm as has b een  th e  m ain  source o f su r­
p rise  an d  d ispute  in p ro to zo o lo g y . T his is th e  to p ic  of th e  n in th  ch ap te r , 60 pages, con­
tr ib u te d  by  J . K. F r e n k e l . T h e  descrip tion  in fo rm s a b o u t th e  d ev e lo p m en t of to x o p lasm as, 
th e ir  now  fairly  c e rta in  id e n t i ty  w ith  th e  h ad -b een  tax o n  Isospora bigem ina, tissue  lesions 
a n d  o th e r  changes caused  b y  to x o p lasm as, an d  th e  im m unobio log ical aspects o f to x o p las- 
m ato sis . P resen t know ledge a b o u t th e  sp read  an d  m ode of in fec tio n  o f to x o p lasm as is su m ­
m arized . The n in th  c h a p te r  d eals w ith  th e  still sc a n ty  in fo rm a tio n  av a ilab le  on th e  incidence 
a n d  developm ent of B esnoitiae, Sarcosporidia  a n d  Frenkelia, now  generally  reg ard ed  as 
coccid ia . In  th e  te n th  c h a p te r  R . L. D a v i s  describes th e  tech n ica l de ta ils  of p ro tozoological 
re sea rc h  so th a t  th is p a r t  h a s  th e  value  of a  good lab o ra to ry  tex tb o o k .

Sum m arizing, th is  ex ce llen t book prov ides, f irs t  of all, th e  th e o re tic a l basic know ledge 
in d ispensab le  for w orkers eng ag ed  in coccid ium  research. I t  is th e re fo re  com prehensib le  
t h a t  w ith  th is p rincipal a im  in  m in d , th e  a u th o rs  devo ted  less a tte n tio n  th a n  m ig h t be  ex ­
p e c ted  b y  th e  v e te rin a ry  re a d e r  to  th e  im m unolog ical and p h a rm a ce u tic a l aspects o f o rg a n ­
ized  coccidiosis contro l.

L. P e l l é r d y

C. A. O s b o r n e , D. G. L o w , D. R . F i n c o : Canine and fe line  urology. 417 pages, 112 illu s tra ­
tio n s . Published  by  S a u n d e r C om pany , P h ilad e lp h ia , London, T o ro n to  1972; L  9.35

N ow adays th e  d ev e lo p m en t of v e te r in a ry  science follow s tw o  m ain  tendencies: spe­
c ia liza tio n  and in te g ra tio n . Specia lization  is no longer lim ited  to  th e  in d iv id u a l species, 
b ecause  efforts for causal th e ra p y  and  p re v en tio n  requ ire  an  e x a c t know ledge of th e  re la tio n  
b e tw een  organ and  d isease. T h is  is especially  re le v an t in th e  sm all an im al p ractice .

In teg ra tio n , as th e  sy n th es is  o f va rio u s b ran ch es of v e te r in a ry  science and  th e  in te r ­
d isc ip lin a ry  outlook are  im p o r ta n t  p re req u isite s  o f v e te rin a ry  clin ical stud ies , viz ., in te rn a l 
m edic ine , surgery  an d  o b ste tr ic s . These d iscip lines now  jo in  e ffo rts  in  in v es tig a tin g  th e  d is­
eases o f th e  various an im a l species and  organs on  a co m p lem en ta ry  basis.

According to  th e  re v ie w e r’s know ledge, th is  is th e  f irs t te x tb o o k  of v e te rin a ry  uro logy  
e v e r published . I t  is a m a t te r  o f  course ra th e r  th a n  a chance co incidence th a t  th e  f irs t  vo lum e 
o f its  k in d  deals w ith  th e  u ro lo g ical p rob lem s of th e  dog and  c a t. I t  is no t only t h a t  these  
species freq u en tly  suffer f ro m  u rin a ry  t ra c t  d iso rders, b u t also t h a t  d iagnostic  d iffe ren tia tio n  
fro m  th e  sym ptom s o f o th e r  o rgan ic  diseases (rep ro d u c tiv e , n e rv e) is o ften  d ifficu lt. The 
m a jo r i ty  o f th e  p ra c titio n e rs  a re  able to  id en tify  th e  syndrom e, b u t  u su a lly  m ore th a n  th a t  
is re q u ire d  for an effective  th e ra p y .

T he volum e is d iv id ed  in to  fo u r ch ap ters . T he clinical d e sc rip tio n  of th e  u r in a ry  t r a c t  
d iseases is followed b y  th e  d iscussion  of co n d itions affecting th e  u p p e r  and  low er p a r ts  of 
th e  u r in a ry  trac t.

T he ind iv idual c h a p te rs  are e ith e r in tro d u c ed  or co m p lem en ted  b y  re lev an t in fo rm a­
t io n  from  the  fields o f a n a to m y , physio logy an d  lab o ra to ry  d iag n o stic s . The tech n iq u es of 
X - ra y  exam ination , b io p sy  a n d  cystoscopy  are  also described. T h e  in fectious, p a ra s itic  and  
n eo p lastic  diseases are d iscussed  in  th e  ch ap te rs  dealing  w ith  th e  re sp ec tiv e  u rin a ry  t r a c t  p a r t.

The volum e is a v a lu a b le  tex tb o o k  fo r th e  sm all an im al p ra c tit io n e r  w ork ing  a t  a 
h igh  level. The s tru c tu re  o f th e  ch ap ters  is sh ap ed  to  th e  course  o f th e  ev ery d ay  clinical 
ro u tin e  and th e  book is th e re fo re  easy to  co n su lt w hen p ro b lem s of diagnosis o r th e ra p y  
arise. I t  was obviously  w r i t te n  w ith  th e  a im  to  give full in fo rm a tio n  on p re sen t know ledge 
o f  th e  field  and th e  a u th o rs  p rac tica lly  succeeded in fulfilling th is  o b jec tiv e . T he rev iew er 
w o nders w hether th e  p ro s ta tic  g land , as a co m p lem en ta ry  g e n ito u rin a ry  organ has been 
fo rg o tte n  or d e lib e ra te ly  o m itte d , b u t  th is  c ircu m stan ce  does n o t, o f course, d im in ish  th e  
v a lu e  of th e  book. I t  is reco m m en d ed  to  all v e te rin a rian s  w ith  spec ia l in te res t in th e  de ta ils  
o f dog and  cat uro logy a n d  also th e  w orkers engaged in c o m p a ra tiv e  pa th o lo g y  will f in d  in 
i t  m a n y  im p o rta n t in fo rm a tio n s .

The ty p o g rap h ic  p re se n ta tio n  of th e  vo lum e is excellent a n d  th e  tech n iq u e  of p ic tu re  
re p ro d u c tio n  deserves spec ia l m ention . The co n ten ts  and p re se n ta tio n  com pensate  fo r th e  
h ig h  price.

Z. H o r v á t h
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W alte r  B a i e r  u n d  F ra n z  S c h a e t z : Tierärztliche Geburtskunde (V eter in a ry  Obstetrics). S tu t t ­
g a r t,  1972; F e rd in a n d  E n k e  V erlag. 334 pages, 90 p ic tu res . P rice  DM 4 9 .—

T he d em an d  fo r v e te r in a ry  in te rv e n tio n  in  o b ste tric s  an d  re p ro d u c tio n  biology is 
in creas in g  d a y  by  d a y  w ith  th e  progress o f m odern  an im al h u sb a n d ry . P rofessors B a i e r  an d  
S c h a e t z , in te rn a tio n a lly  re p u te d  e x p e rts  o f th e  field , h av e  sa tisfied  th is  d em an d  by  w ritin g  
a boo k  on v e te rin a ry  o b s te tr ic s  for th e  use of p ra c titio n ers . T he vo lu m e is essen tia lly  th e  
successor o f th e  te x tb o o k  e n tit le d  “ T ie rärz tlich e  G e b u rtsk u n d e  u n d  G ynäkolog ie”  (V eterinary  
O b s te tric s  an d  G ynaecology), pub lish ed  in  1928 a n d  1944, follow ed b y  a th ird , com plete ly  
rev ised , ed itio n  u n d e r  th e  t i t le  “ T ie rärz tliche  G eb u rtsk u n d e ”  in  1958, a n d  th e  p resen t vo lum e 
in  1972. T his has b een  w elcom ed b y  all professionals w ith  special in te re s t  in th e  top ic . As 
suggested  b y  th e  t it le , th e  te x t  follows up  th e  th re e  m ain  phases o f th e  life of th e  fem ale 
an im al, v iz ., th e  p e rio d s o f p reg n an cy , p a r tu r it io n  an d  p u e rp eriu m , w ith  due consideration  
to  th e  re la te d  biological (physio logical an d  patho log ica l) ev en ts  an d  co m ple ted  w ith  d esc rip ­
tio n s  o f diseases o f new b o rn . T he fo u r m ain  p a r ts  o f th e  book, P re g n a n cy  (pages 15— 80), 
P a r tu r it io n  (pages 89— 222), P u erp e riu m  (pages 227 — 291) a n d  N ew b o rn  (pages 295— 315). 
T he f irs t  p a r t  deals in  g re a t d e ta il w ith  th e  physio logy  of g e sta tio n , fo e ta l developm en t a n d  
physio log ical changes o f th e  m ate rn a l bo d y  as well as s te r il i ty  an d  m as titis . T he p a r t  d esc rib ­
ing  th e  p a th o lo g y  o f g e s ta tio n  discusses develo p m en ta l d is tu rb an ces  o f fo e ta l envelopes a n d  
fo e tu s an d  pa th o lo g ica l a lte ra tio n s  o f th e  m a te rn a l o rgan ism  d u rin g  p reg n an cy . U n d er th e  
h ead in g  o f P a r tu r it io n  are  discussed th e  physio logy  of p a r tu r it io n , th e  various m odes of 
v e te r in a ry  o b ste tric  a ssis tan ce  an d  th e  p rob lem s o f p a th o lo g ica l p a r tu r it io n .

T he ch ap ters  on  P u e rp e riu m  are  th e  m o st v a lu ab le . T his c ritica l period  is decisive 
in  re sp ec t o f th e  fu r th e r  fa te , viz., re p ro d u c tio n  a b ility  o f th e  an im al. M ore th a n  60 pages 
— a lm o st one f if th  o f  th e  vo lum e — are  d evo ted  to  th e  c lear a n d  concise p re sen ta tio n  o f th is  
to p ic , w ith  conclusions w ell fou n d ed  on im p o rta n t clinical obse rv a tio n s. T h e  d e ta iled  d escrip ­
tio n s  o f th e  pa th o g en esis  o f p u erp era l fever an d  sep ticaem ia , and  o f p o s t-p a r tu m  m etab o lic  
diseases w ith  in s tru c tio n s  fo r th e ra p y  a n d  p re v en tio n  deserve special m en tio n .

T he n um erous illu s tra tio n s , in c lud ing  good p ic tu re s  a n d  a r tis t ic  draw ing, g re a tly  
increase  th e  value  of th e  book. The te x t  is clear an d  concise th ro u g h o u t an d  th e  o u ts tan d in g  
ty p o g rap h ic  p re se n ta tio n  is a  g rea t m erit o f th e  p u b lish er. U n d e rg rad u a te s  an d  p ra c titio n e rs  
can  eq u ally  p ro fit fro m  th is  volum e.

J .  H a r a s z t i
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ACTA V E T E R IN A R IA

ТОМ  2 4 - В Ы П .  4

РЕЗЮ М Е

И Н Ф Е К Ц И О Н Н О Е  ВОСПАЛИТЕЛЬНО Е ЗА Б О Л Е В А Н И Е  КЛОАКИ И П Е Н И С А
У  ГУСЯ

I. Н А Б Л Ю Д Е Н И Я  ПО Э П И ЗО О ТО Л О ГИ И , К Л И Н И К Е , П А Т О Л О ГИ И  И Л Е Ч Е Н И Ю  З А Б О Л Е В А Н И Я

И. СЕП , М. П А ТА К И  и Д Ь . Н А Д Ь

Описывается раньше неизвестное заболевание половых органов гусака, вызываемое 
тяжелые потери в крупных гусиных поголовьях. Заболевание характеризуется тяжелы м  
поражением органов совокупления гусака с необыкновенно высоким соотношением сте­
рильных яиц. Первым клиническим признаком является угнетенность ж ивотны х, со­
провождающ аяся воспалением клоаки, у  гусаков ж е  покраснением и воспалением пениса и 
клоаки. В тяж елы х случаях пролапсус пениса сопровождается его частичным или полным 
некрозом и отбрасыванием. В неблагополучных поголовьях в течение нескольких недель  
даж е 10%  больных гусаков может погибнуть. Микроба, напоминающая N eisseria g o n o rrh eae  
была изолирована из изменений органов и туш погибших животных. Дается полное описа­
ние симптомов и изменений при заболевании, дальше, рекомендуемые терапевтические и 
профилактические мероприятия.

И Н Ф Е К Ц И О Н Н О Е  ВОСПАЛИТЕЛЬНО Е ЗА Б О Л Е В А Н И Е  КЛОАКИ И П Е Н И С А
У  ГУСЯ

I I . СВОЙСТВА Э ТИ О Л О ГИ Ч ЕС КО ГО  Ф А К Т О РА  И Э К С П Е Р И М Е Н Т Ы  ПО З А Р А Ж Е Н И Ю

М. П А ТА КИ

И з раньше ненаблюдающегося заболевания совокупительного органа в качестве 
этиологического фактора изолирован вид бактерий рода N eisseria. При болезни пораж ает­
ся клоака, а у  гусаков пенис. Эпизоотология, способ зараж ения, гистопатологические 
изменения соответствовали таковым при гонорее, но в биохимических пробах изоляты  
вели себя по-другому чем N eisseria gonorrheae и все другие виды (N. sicca, N . in tra c e l-  
lu la ris, N. f lav a , N. su b flav a, N. p e rflav a) данного рода. Расшифровка значения этого 
нового вида рода N eisseria, который каж ется специфически патогенным для гуся , требует  
дальнейш их экспериментов.

А П П А РАТ Э РЕ К Ц И И  СОВОКУПИТЕЛЬНОГО ОРГАНА ГУСЯКА И С Е Л Е З Н Я

Э. Г У Ж А Л

Структуры, содействующие в эрекции совокупительного органа самцов птиц — это 
васкулярные тела, система лимфатических синусов, м ускулатура клоаки и пещ еристая  
ткань пениса. Парные васкулярные тела располагаются на вентральной поверхности  
клоаки и обширный лимфатический синус, окружающ ий клоаку, коммуницирует с пени­
сом при посредстве лимфатических каналов. Васкулярны е тела снабжаются кровью



внутренней срамной артерией, которая, разветвляясь, образует в них густую  сеть капиля- 
ров. Капиляры и лимфатические синусы выстланы непрерывными эндотелием. Н а сексу­
альный стимул м ускулатура артерий и докапилярны х артериол расслабляется, просветы  
расш иряются и кровь внезапно внедряется в капиляры , вызывая этим их  расширение и 
наступает разливание лимфы из сосудов как результат повышения гидростатического  
давления. Лимфа, попавш ая в лимфатический синус, фильтрационным давлением и сфинк­
тером клоаки, окруж аю щ им лимфатический синус, прокачивается дальше в пенис. Об­
ратный процесс проходит при расслаблении. Пенис втягивается в покоящее полож ение  
эластическими волокнами, тугими при эрекции, называемыми m . re c tra c to r  p en is ; они 
содействуют однако только в ретракции вентральной части клоаки и основания пениса. 
Лимфа из пениса поступает в лимфатические синусы , откуда она выходит при помощи 
лимфатических сосудов.

РА ЗВ И Т И Е  КИШ ЕЧН ОЙ Ф Л ОРЫ  У  ПОДСОСНЫ Х ПОРОСЯТ

Д Ь . Ш И Н К О В И Ч  и Б . Ю Х А С

На основании бактериологического изучения желудочно-киш ечного тракта, по 
определенной программе убитых животных, показано развитие флоры пищеварительного 
тракта подсосных поросят до 12-дневного возраста. Согласно полученным данным харак­
терная для здоровы х поросят флора формируется к  1,5—2-дневному возрасту и с этого 
времени по 12-дневный возраст существенно не изменяется. В кишечной флоре подсосных 
поросят сначала превалирую т везде обнаруж иваю щ иеся стрептококки, превышая коли­
чеством стрептококки Д . Вегетативные и споровые формы клостридий от рода по 12- 
дневный возраст обнаруж иваю тся во всех участках кишечника, но в тонком отделе от­
мечается уменьшение количества обеих форм.

Отдельные этапы формирования кишечной флоры указывают на наличие механизма, 
регулирующ его биоценоз просвета, который до определенной степени является незави­
симым от количества сн аруж и  попадающих в киш ечник бактерий.

ЭЛЕК ТРО Н Н О -М И К РО СК О П И Ч ЕСК И Е И С С Л ЕД О ВАН И Я  НА С Т А Д И Я Х  
РА ЗВ И Т И Я  E IM E R IA  M AXIM A

IV . Т О Н К А Я  С ТРУ К Т У РА  Ш И ЗО Н Т О В  И  М Е Р 0 3 0 И Т 0 В  

X . М Е Л Х О Р Н

Электронно-микроскопическим методом изучается шизогония куриной кокцидии  
E im e ria  m ax im a и сравнивается с соответствующими отправлениями других споровиков. 
Оказывается, что описывающиеся в работе основные отправления цикла развития во­
преки имеющимся модификациям происходят от единой исходной формы, которая в на­
стоящее время отраж ается в эднодиогении некоторых видов.

Структура зрелы х мерозитов Е. m ax im a в принципе не отличается от таковой других  
аймерид. Следует однако подчеркнуть, что коноид м ож ет быть сдвиженным настолько 
вперед, благодаря чему он сидит на полярном кольце, чем сильно подчеркивается его роль, 
как органа внедрения. Подобно сказанному обнаруж ена очень тесная структуральная  
взаимосвязь м еж ду коноидом, роптриями (парными органеллами) и микронемами, на 
основании чего предлож енное Левайн (1970) наименование «Apicomplexa» для «бывших» 
споровиков кажется весьма выразительным.

БИО ЛОГИ ЧЕСКИ А К Т И В Н Ы Е  ОСТАТКИ В М ЯСЕ И М ЯСНЫ Х П Р О Д У К Т А Х  В
В ЕН ГРИ И  В 1972 ГО ДУ

Я . Т А К А Я , 3 . Ш И М О Н Ф Ф И  и X . Е. Я Н Ч О

Образцы мяса и мясных продуктов изучались на наличие биологически активных 
остатков. Объектом исследований явились свиньи и мясной скот крупных хозяйств. В ана­
лиз брались образцы мяса, ж ирной ткани, почек и печени, дальше, таковые пастеризован­
ной консервной ветчины, салами и сырой копченой колбасы.



Соединения хлорированных углеводородов, фосфорорганических инсектицидов, 
мышьяка, меди, цинка и цинк-бацитрацина изучены в 725 образцах. Результаты исследо­
ваний собраны в 3-х таблицах.

Концентрация Д Д Т  и Линдана в жирных тканях была в 10 и 5 раз выше, чем 
в мясе, но она была намного ниж е терпимого уровня международны х предписаний.

Фосфорорганические инсектициды не обнаружены  ни в образцах мяса, ни в та­
ковых мясных продуктов.

Уровень тяжелы х металлов и радиоактивных элементов, в том числе и цинк-баци­
трацина был низко под допустимым уровнем международны х предписаний.

Концентрация Д Д Т  изменилась только незначительно, таким образом с его наличи­
ем нуж но рассчитывать еще долгое время.

И ЗУ Ч ЕН И Е  ЦИТОТОКСИЧЕСКОГО ЭФФЕКТА ТОКСИН А Ф„ (ЗЕ А РА Л Е Н О Н А ) 
В Р А ЗН Ы Х  ОДН О СЛО Й Н Ы Х К Л Е Т О Ч Н Ы Х  К У Л ЬТ У РА Х

А. В А Н И  и Э. Р О М В А Р И Н Э -С Е Й Л Е Р

Авторами изучался цитопатогенный эффект токсина Ф2 (зеараленона) в разных одно­
слойных клеточных культурах. О бнаружено, что ткань семенников тех животных чув­
ствительна к токсину, у  которых он тормозит спермиогенез. Ткань семенников ресистент- 
ных к токсину животных и in vitro не повреждалась им.

Д ругие виды тканей in vitro не показывали чувствительности к токсину. Этот 
метод авторы считают удобным для быстрого определения чувствительности разных видов  
животных и их тканей к токсину Ф2.

Н А И БО Л ЕЕ Н А Д Е Ж Н Ы Й  М ЕТОД В Ы Я В Л Е Н И Я  П РЕ Д С Т А В И Т Е Л Е Й  ГРУППЫ
Э Н Т Е Р О К О К К О В

Я . Т А К А Я  и Ш. К О В А Ч

В микробиологии пищевых продуктов выявление бактерий из группы энтерококков 
считают доказательством загрязнения микрофлорой из фекалий. Виды данной группы  
-  главным образом Streptococcus faecalis и зго варианты — в литературе неодно­

кратно фигурировали как причина порчи пищевых продуктов и энтеральных заболеваний.
Виды стрептококковой группы сильно отличаются друг от друга в ресистентности, в 

способности роста, в биохимической активности, в избирательности к питательным средам. 
Чтобы найти наиболее надежный способ выявления представителей энтерококковой  
группы, проведено сравнительное изучение 6 ж идких и 10 плотных питательных сред.

Все представители энтерококковой группы наиболее друж но росли на натриево- 
азидо-декстрозной ж идкой среде, содержащ ей 0.003%  бромтимолсини и на плотной агар­
ной среде Паккера при культивации при 35—37°С в течение 2 4 —48 часов. Результаты  
исследований собраны в таблице.

СЕРОЛОГИЧЕСКОЕ И ЗУ Ч Е Н И Е  К О Л И Б А Ц И Л Л Е ЗН Ы Х  ШТАММОВ, 
И ЗО Л И РО В А Н Н Ы Х  И З Т Е Л Я Т

Я . В А РГА  и А. Ф. Ф А Р И Д

У  288 колибациллезных штаммов, изолированных из туш, павших от коллибацил- 
лезной дизентерии телят 91 крупной фермы, изучены биохимические свойства и антигены  
О и К. Д ля определения антигенов О применили 57 колибациллезных антисывороток О и 
ОК; для определения антигенов К — за исключением трех — все (1 — 94) колибациллезные 
антисыворотки К.

На основании биохимических исследований 263 изолята идентифицированы как  
Е. coli, 15 — как K lebsiella,, 5 — Proteus vulgaris, 3 — как P . m irabilis; два штамма не 
удалось включить в перечисленные роды. Большинство штаммов Е. coli показывало био­



химические признаки, характерные для рода, но некоторые штаммы в отдельных реак­
ци я х вели себя по-другому.

150 штаммов среди всех (57% ) на основании набора антисывороток удалось вклю- 
читьв группы О. Большая часть штаммов принадлежала к серогруппам О101, 0 2 0 , 0 1 4 1 , 0 8  
и 0 7 ,  тогда как группы 0 2 1 , 0 2 3 , 0 1 5 3 , 0 9  и 0 7 8  отмечались редко.

За исключением одного все серологически идентифицированные штаммы содержали  
антиген К. Почти половина штаммов содерж ала антиген К (А ), во формах 0 101 : К28(А), 
0 101 : КЗО(А) и 0 8 :  К28(А); однако обнаружены  и термостабильные, ближ е неидентифици- 
рованные, вероятно антигены К(А) в штаммах, принадлежащ их к серогруппам 0 9  и 041 . 
Д р у га я  часть штаммов содерж ала антигены К (В ), или К(Б), как правило в форме 0 8  : К71 
(В ), 0 1 5 3  : К71(В), 0 7 8  : К 80(В ) и 0 1 1 7  : K15(L).

ЗН А Ч Е Н И Е  ПАТОЛОГОАНАТОМ ИЧЕСКИХ И ЗМ Е Н Е Н И Й  ГИПОТАЛАМ А У  
Ж И В О Т Н Ы Х , ЗА Р А Ж Е Н Н Ы Х  В МОЗГ ШТАММОМ ВИРУСА БЕШ ЕН СТВА Х ЁДЕ Ш

ФИКС

Д . КА РА ССО Н

Изучались патологоанатомические изменения гипоталама экспериментальных 
ж ивотны х (обезьян резус, овец, белых мышей, сирийских хомяков и кроликов), зараж ен­
ных в мозг штаммом Хёдеш  фикс вируса бешенства. Автором обнаруж ено, что в гипота- 
лам е экспериментально зараж енны х вирусом фикс животных, которые пали и были убиты 
на разных стадиях болезни, всегда имеются явления острого энкефалита. Глиозные и ме­
зенхимальные инфильтрации, дальше, дегенеративные изменения нейронов здесь, как пра­
вило, были более тяжелыми, чем на других местах центральной нервной системы.

В начале инфекции более тяжелы е изменения имелись в передних, а к концу, в 
задн и х  частях гипоталама.

Согласно автору нейропатологические изменения в гипоталаме являются причиной 
хорош о известных симптомов со стороны вегетативной нервной системы, сопровождающ их  
беш енство. Характерная последовательность симптомов объясняется последовательностью  
заболевания ядер гипоталама.

Данные исследований — кроме доказательства избирательной заболеваемости  
гипоталама в процессе патогенеза бешенства — представляют собой новый метод в экспе­
риментальной нейрологии, поскольку применялся строго нейротропный вирус фикс.

МАССОВОЕ О Б Н А Р У Ж И В А Н И Е  ЗАВО РО ТА В Е К  СРЕДИ  Я ГН Я Т

Й. З А Й Е Р , Т. К Е Г Л  и К. Ш О М ОД ЬВАРИ

Заворот нижнего века среди метисных ягнят от.венгерских мериносовых овцематок 
и баранов асканийский, грозненский, кавказский и прекосный меринос с 1967. года 
наблю дается в 3 —10% -ах случаев. Заболевание глаза появлялось обычно в 10 —20- 
дневном возрасте и примерно 6 0 —70% животных погибло от болезни.

Наблюдения по этиологии и эксперименты по лечению болезни велись в 12 неблаго­
получны х поголовьях. Врожденны й заворот никогда не обнаруж ивался и из больных глаз 
не удалось изолировать специфическое заразное начато. Патогистологическим изучением 
структуральной аномалии век обнаруж ить не удалось. У  метисных ягнят, характеризую ­
щ ихся  заметной складчатостью кож ного покрова, возникает спазмический заворот в 
результате механической иритации роговицы ресницами в силу заворота ниж него века в 
сторону глазного яблока, так как в области век кожный покров тож е образует складки. 
Т аким  образом это состояние нельзя считать наследственным; в его возникновении в ка­
честве предрасполагающего фактора важ ную  роль играет рыхлость структуры подкожной  
соединительной ткани нижнего века. Подкожным введением 0 ,7 5 —1,5 мл 70% -ного этилево- 
го спирта в подкожную соединительную ткань нижнего века является простым, легко 
осуществимым и эффективным способом ликвидации заворота нижнего века. Метод за­
рекомендовал себя в лечении многих тысяч метисных ягнят.



Б . Ю ХАС, Б . С Е Г Е Д И  и М. К Е Р Е С Т Е Ш

Изучалось распределение 42К в крови, сыворотке и эритроцитах овцы после введе­
ния в рубец 0 ,6 —0,8 г/кг мочевины при повышающейся концентрации аммиака в крови.

Определялись содержание аммиака в ж идком содержимом рубце и в полной крови и 
гематокрит. Радиоактивный 42К вводился внутривенно. Активность изучения крови, сы­
воротки и эритроцитов регистрировалась после 0, 1,5, 3, 4,5 , 6 и 8 часов после введения 
мочевины.

У  овец, получивших мочевину, активность 42К  в сыворотке понизилась более 
значительно, чем в контрольных животных и наблюдались симультанные показатели ак­
тивности излучения в полной крови. В разрез с контрольными животными наблюдалось  
понижение активности 42К и в эритроцитах.

Является очевидным, что повышение уровня аммиака в крови тормозит переход К + 
из межклеточных щелей в клетки и поощряет выхождение К + путем диффузии из клеток.

О бнаруж ено, что — благодаря тормозящ ей активности аммиака — имеется опре­
деленная взаимосвязь м еж ду повышением уровня аммиака в крови квоциентом распреде­
ления К +. Чем выше уровень аммиака в крови, тем больше торможение перехода К + в 
эритроциты. На выражение корреляции м еж ду  уровнем аммиака в крови и квоциентом  
распределения составлена регрессионная кривая.

ДЕЙСТВИЕ АЗОТА В КОРМЕ НА ОБМЕН ЭЛЕКТРОЛИТОВ И ВОДЫ У  ОВЦЫ

И ЗУ Ч Е Н И Е  ЦИТОТОКСИЧЕСКОГО ЭФ Ф ЕКТА Ф У ЗАРИОТО КСИ НА Т — 2

Л . Б О Д О Н  и Л . З Ё Л Д А Г

Авторами изучался цитотоксический эффект продуцированных разными видами 
грибков рода F u sariu m  микотоксинов на тканевых культурах и кожной пробой у  кро­
лика. Тканевая культура оказалась очень чувствительным методом, при помощи которой  
удалось выявить наличие уж е 0,005 мцг токсина Т —2. Цитологические изменения изу­
чались на препаратах, окрашенных акридин-оранж и гематоксилин-эозином. Х арактер­
ными изменениями в тканевой культуре явились решетчатая структура клеточного слоя  
и пикноз содержимого клеточных ядер и распад последних (кариорексис). Метод удобен  и 
для количественного титрирования чистого токсина. К ожной пробой на кролике удавалось  
выявить наличие токсина до предела 0 ,5 мцг.

И Н Ф Е К Ц И И  ИНФЛЮ ЭНЦОЙ С РЕ Д И  ЛО Ш АДЕЙ В Е Н ГРИ И , В Ы ЗВ А Н Н Ы Е  
ПОДТИПАМ И ЛО Ш АДИ Н О Й  А - 1 И ГОН КОНГ

Й. РО М ВА РИ , Я . Т А Н И , Ж У Ж А  МАТЭ и Э. Ф А РК А Ш

Штаммы инфлюэнцы подтипа лошадиный А — 1 были изолированы из носовых 
источений больных лошадей, показывающих мягкие признаки острого заболевания ды­
хательны х путей. В неблагополучных поголовьях среди 286 образцов крови 56,6%  да­
вали положительную реакцию в пробе торможения гемагглютинации, обычно до разбав­
ления 1 : 16— 1 : 64.

Остаточные антитела к вирусу лошадиный А —2 обнаруживались только в 17,8% - 
ах образцов сыворотки лошадей возраста выше 5 —6 лет, при тяжелой вспышке эпизо­
отии лошадиный А —2 в 1968. году.

Среди 188 образцов крови 39 (20,6% ) дало положительную реакцию к  вирусу  
Гон К онг спустя 5 —8 месяцев после эпидемии, вызванной этим вирусом. Эти антитела 
скоро исчезли.
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