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ONTOGENETIC DIFFERENCES 
IN THE ERYTHROGRAMS OF WHITE LEGHORN 

AND CORNISH CHICKENS LIVING UNDER 
TROPICAL CONDITIONS

B y

E v a  D o b s i n s k á

D epartm ent of Parasitology (D irector: Prof. J .  H ovorka), Veterinary College, K osice,
Czechoslovakia

(R eceived  M ay 7, 1971)

T he p u rp o se  of the  p re se n t s tu d y  w as to  exam ine th e  v alues of th e  red  
blood p ic tu re  in  chickens in  th e  course o f  d eve lopm en t, an d  to  e s tab lish  th e  
differences in  th e se  values b e tw een  th e  W L  an d  CO breeds. A n o th e r aim  w as to  
find  w h e th e r th e re  are any  d ifferences in  th e  values for chickens k e p t u n d e r 
tro p ica l co n d itio n s from  th o se  re p o r te d  b y  o th e r au th o rs  fo r th e  E u ro p ean  
m odera te  zone.

The effect of age on different blood param eters in chickens kept in the European zone 
has been studied  b y  a number workers. Some o f them  treated all hem atological values as a 
whole ( J ovanovic  and Va pa , 1959; 1960; J a n t o so v ic , 1965; Vr b en sk á  et ah, 1967; R u so v  
and P et r o v ic , 1968). Others exam ined only som e of these values, such as the hem oglobin level 
(Tanaka  and R o se n b e r g , 1953), hem atocrit value and sedim entation rate (B ie r e r  et ah, 
1964), erythrocyte, leucocyte counts and differential leucocyte count (P ro cházka , 1965), 
hem atocrit values (Med w a y  and K a r e , 1959; B e s t , 1966), etc.

A num ber of authors have studied  seasonal effects and the influence of environm ental 
temperatures on the hem atological values both  in  chickens and mature poultry. For instance, 
D u k e s  and S c h w a r te  (1931) and Olso n  (1937) claim  that the lowest values o f hem oglobin  
and erythrocytes were obtained in the late sum m er and in autum n, while the highest values 
were found in w inter. W in tro be  (1934) also reported higher hem oglobin levels in colder 
weather. J a n to so v ic’s data (1965) ind icate th a t the hem oglobin level is higher in summer, while 
the erythrocyte count tends to decrease slightly . H u sto n  (1960) found th a t not only were the  
erythrocyte count and hem atocrit value higher at lower tem peratures, but also the thyroid  
gland mass and 0 2 intake. Also Mo y e  et al. (1969) exam ined the differences in hem atocrit 
values, red cell m ass and mean corpuscular volum e, and dem onstrated that all three values 
were higher at low  temperatures. ,

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (1),  pp. 1—7 (1972)

M aterial and methods

T he s tu d ie s  w ere u n d e r ta k e n  in  C uba on 163 chickens o f th e  W h ite  
L eghorn (W L ) b reed  and  160 ch ickens o f th e  C ornish (CO) b reed , from  1 d ay  
a fte r  h a tc h in g  to  th e  28 th  d a y  o f  age. T h e  chickens cam e from  tw o p o u ltry  
b reeding  s to ck s w hich had  b een  es tab lish ed  in  tro p ica l cond itions o f th is  
c o u n try  fo r sev e ra l generations. T h e y  w ere k e p t in  open-sided  sheds on deep 
w ood-chip l i t te r ,  w ith  in fra -red  lam p s u sed  a t  n ig h t. The chickens w ere ta k e n  
d irec tly  fro m  th e  b a tte rie s  a t  one d a y  o f  age an d  fed su itab le  com m ercial 
m ix tu res  acco rd in g  to  th e ir  age. T h e  h e a lth  co n d ition  o f th e  b ird s  w as good.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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Table I

Meteorological data for the investigated period

Month Temperature
°C

Water
precipitation

mm
Relat. humidity

%

January 21.7 60.7 77.0

February 22.1 41.4 75.0

March 23.1 47.8 75.0

April 24.4 50.2 75.0

May 25.5 102.3 78.0

June 26.4 145.6 81.0

The tria ls  w ere ca rried  o u t from  J a n u a ry  to  Ju n e . A verage m o n th ly  
te m p e ra tu re s , w a te r  p rec ip ita tio n  an d  re la tiv e  h u m id ity  fo r th is  period  are 
in d ic a te d  in T ab le  I .  H em oglobin  c o n te n t, p ack ed  cell vo lum e, th e  to ta l  red  
b lo o d  cell co u n t, th e  m ean  co rp u scu la r vo lum e, th e  m ean  co rpuscu lar h em o 
g lob in  co n cen tra tio n  a n d  th e  m ean  co rp u scu la r hem oglobin  were d e te rm in ed  
in  all b ird s a t  1, 3, 5, 6, 8, 9, 12, 17, 19, 22, 23 an d  26 days of age. F o r  th e  
p u rp o ses  of s ta t is t ic a l  analysis th e  b ird s  w ere d iv ided  in to  five age-groups, as 
fo llow s: one-day-o ld , 2- to  7-day-o ld , 8- to  14-day-o ld , 15- to  21-day-o ld  an d  
22- to  28-day-o ld . B lood  sam ples w ere co llected  from  young  b ird s  d ire c tly  
fro m  th e  a. ca ro tis , in  la rg e r b irds from  th e  v . u ln aris , in to  a syringe p rev io u sly  
r in se d  w ith  a h e p a r in  solu tion .

H em oglobin  c o n te n t was d e te rm in ed  by  th e  cyanhem oglob in  m e th o d  
(S k á l a  and  M a t y s k o v á , 1965). T he p re c ip ita te  of n u c lea r substances fo rm ed  
a f te r  th e  a d d itio n  o f  b lood to  th e  so lu tio n  was se p a ra te d  b y  m eans o f c e n tr i
fu g a tio n  for 3 m in u te s  a t  1500 r .p .m .

The to ta l  e ry th ro c y te  coun t w as ca lcu la ted  in N a t t  — H errick ’s so lu tio n  
(C e l e r , 1960). T h e  pack ed  cell vo lum e w as d e te rm in ed  in  W in tro b e ’s te s t-  
tu b e s . The m ean  co rp u scu la r vo lum e (MCV), m ean  co rp u scu la r hem oglob in  
co n cen tra tio n  (M CHC) and  m ean co rp u scu la r hem oglobin  (M CH) were ca lcu la ted  
fro m  th e  above m e n tio n e d  values u sing  th e  a p p ro p ria te  form ulae.

The d ispersion  analysis m eth o d  w ith  m u ltip le  c lassification  in odd n u m 
b e rs  o f rep lica tio n s w as em ployed fo r th e  m a th e m a tic a l an d  s ta tis tic a l e v a lu 
a tio n . The te s t  c h a ra c te r is tic  F  w as e v a lu a te d  a t  th e  1%  an d  5%  levels of 
re liab ility .

Results and discussion

The hem oglob in  co n ten t (T ables I I ,  I I I ,  IV) was co m p ara tiv e ly  h igh  in 
ch ickens of b o th  b reed s  on th e  f irs t  d ay  a f te r  h a tch in g  (8.0 — 8.8 g% ), b u t  fell on 
th e  3 rd , 6 th  an d  1 7 th  — 19th  days. In  th e  W L chickens th is  low level p e rs is ted

Acta Velerinaria Academiae Scientiarum Hungaricae 22, 1972
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Table II

H em atological values in WL and CO chickens according to age groups

Age in days Breed n RR — g% PCV — % RBC — mm3 MCH — pg MCV — //X3 MCHC — %

l 32 8 .0±1.1 3 0 .4 ± 2 .7 2.1 ± 0 .2 37.7 ± 4 .9 142 .3±15 .9 2 6 .3 ± 2 .9
2 -  7 32 7 .2 ± 0 .8 2 9 .6 ± 3 .0 2 .2 ± 0 .3 3 5 .2 ± 4 .9 135.5 ± 1 6 .4 2 4 .3 ± 3 .1
8 - 1 4 WL 32 8 .3± 0 .5 3 0 .4 ± 2 .9 2 .2 ± 0 .3 37.5 ± 4 .0 138 .2±23 .2 27.1 ± 3 .3

1 5 -2 1 32 7.1 ± 0 .7 25.9 ± 2 .4 1.9 ± 0 .3 3 7 .7 ± 4 .1 138.1 ± 1 2 .7 2 7 .3 ± 4 .1
2 2 - 2 8 35 6 .9 ± 0 .9 2 7 .3 ± 2 .8 2.0 ± 0 .3 3 4 .4 ± 3 .4 134.9 ±  15.9 2 5 .6 ± 2 .2

1 33 8 .8± 1 .1 31.2 ± 2 .6 2 .3 ± 0 .3 3 9 .2 ± 6 .7 139.1 ±  16.5 2 8 .4 ± 3 .3
2 -  7 32 7 .2 ± 0 .5 2 9 .3 ± 2 .5 2.2 ± 0 .3 3 1 .9 ± 4 .9 132.7 ±  16.6 24.5 ± 2 .7
7 - 1 4 CO 32 8.1 ± 0 .7 2 9 .6 ± 2 .7 2.2 ± 0 .3 37.7 ± 4 .9 137.9 ±  14.7 27.5 ± 2 .3

1 5 -2 1 32 7 .3 ± 0 .7 2 8 .4 ± 2 .9 2.1 ± 0 .3 36.7 ± 3 .7 139 .6±19 .9 26.6 ± 2 .7

2 2 - 2 8 31 8.1 ± 0 .7 29.9 ± 2 .7 2 .2 ± 0 .3 37.1 ± 4 .2 139 .3± 18 .0 2 6 .6 ± 2 .5

u n til th e  2 5 th  d a y , w hereas in th e  ch ickens o f  th e  CO breed  an  increase o ccu rred  
as early  as th e  2 2 n d  day.

H igh ly  s ig n if ic a n t differences w ere fo u n d  betw een  th e  follow ing g ro u p s: 
1 —2, 1—4, 1 — 5, 2 — 3 and  3 — 4. A s ig n if ic a n t difference (p 0.05) w as 
observed  also b e tw een  the  g roups 3 an d  5. T h e  W L chickens were found  to  
show  s ta tis t ic a lly  sign ifican tly  low er va lu es  th a n  those  of th e  CO breed .

Table III

H em atological parameters in WL chickens according to age

Age in 
days n нь — g% PCV -  % RBC -— mm3 MCH — pg MCV — //X3 MCHC — %

l 32 8.0 30.4 2 199 000 37.7 142.3 26.3
3 18 7.0 28.3 2 093 000 33.4 135.2 24.7
5 8 8.1 31.3 2 237 000 37.6 143.2 24.1
6 8 7.2 31.8 2 650 000 34.3 121.2 22.7
8 9 8.4 30.9 2 138 000 39.1 146.3 26.4

9 13 8.2 32.1 2 170 000 37.1 145.6 25.2
12 11 8.3 28.4 2 360 000 35.8 121.2 29.6
17 20 7.2 26.0 1 860 000 38.9 140.9 27.4

19 6 6.3 23.7 1 725 000 36.1 139.2 26.6
22 8 6.7 25.5 1 935 000 34.4 131.5 26.2
23 14 6.4 26.3 1 870 000 34.3 141.8 24.3

26 12 7.4 28.8 2 203 000 33.9 132.5 25.6
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Table IV

Hematological parameters in CO chickens according to age

Age in 
days n Hb — g% PCV — % BBC — mm3 MCII -  ,.g MCV — /IIя MCHC — %

l 33 8 .8 3 1 .2 2 26 5  0 0 0 39 .2 139.1 2 8 .4

3 10 7 .2 3 0 .3 2 3 4 6  0 0 0 3 1 .4 1 3 0 .3 24 .1

5 12 7.6 2 8 .9 2 2 4 3  0 0 0 3 3 .8 129 .5 2 5 .8

6 12 6 .9 3 0 .6 2 2 6 0  0 0 0 3 0 .2 137 .3 2 2 .4

8 17 8 .0 29 .5 2 12 9  0 0 0 3 7 .4 139 .0 27 .1

9 7 8 .3 2 9 .0 2 0 2 0  0 0 0 38 .2 144 .2 2 8 .7

12 7 8.1 31 .5 2 5 3 0  0 0 0 37.1 124 .9 2 6 .0

17 10 7 .5 2 9 .9 2 0 8 0  0 0 0 3 6 .4 146 .0 2 5 .0

19 12 6 .9 2 7 .3 2 0 3 8  0 0 0 3 6 .0 135 .6 2 6 .8

22 6 7.5 30 .5 1 9 8 0  0 0 0 37 .0 155 .0 2 3 .8

23 10 7 .7 27 .8 2 0 4 8  0 0 0 37 .3 137.1 2 6 .8

26 12 8 .6 31 .5 2 4 0 0  0 0 0 36 .0 132 .1 2 7 .3

V r b e n s k á  e t  al. (1967) o b ta in e d  s im ila r values in  1-day-o ld  cockerels; 
how ever, th e y  fo u n d  th a t  th e  m ax im u m  decrease occurred  on th e  1 0 th  day . 
O th e r  a u th o rs , such  as R u so v  an d  P e t r o v i c  (1968), claim  values exceed ing  
10.0 g %  for chickens in  early  age.

T he m ark ed  decrease in th e  hem o g lo b in  co n ten t on th e  3rd  an d  6 th  d a y  
m a y  ju s tify  th e  a ssu m p tio n  th a t  e m b ry o n a l hem oglobin  is rep laced  b y  a d u lt  
hem oglob in , as cla im ed b y  R o m a n o f f  (1960), who says th a t  th e  p rog ressive  
decrease  in oxygen a ff in ity  from  th e  10 th  d ay  o f in cu b a tio n  pers is ts  u n ti l  th e  
1 4 th  d ay  of p o st-em b ry o n a l life b y  w h ich  tim e  th e  “ d e fin ite”  form  of h em o 
globin  has com plete ly  rep laced  th e  e m b ry o n a l form . S ova  e t al. (1968) found  
t h a t  from  th e  4 th —7 th  day  a fte r  h a tc h in g  th e  ab so lu te  F e reserve in  ch icken  
livers show ed no changes, w hich re su lts  in a m ark ed  decrease of F c in  th e  
ind ices expressing  F e  in  m g%  of d ry  m a tte r .

T he packed  cell volum e as well as th e  a m o u n t o f hem oglobin  w as q u ite  
h ig h  (30 .4—31.2% ) in  one-day-o ld  ch ickens o f b o th  breeds. In  W L ch ickens i t  
fell on th e  3rd d ay  b u t  in  th e  CO’s o n ly  on th e  5 th  day , h u t  th is  w as co n so lid a ted  
on th e  su b seq u en t days. M inim um  v a lu es  w ere o b ta in ed  from  th e  1 7 th  to  th e  
22nd  d ay  and  on th e  19th  day  in  W L  a n d  CO chickens, respective ly .

T he differences in  the  packed  cell vo lum e of th e  tw o breeds w ere s ta t i s t i 
ca lly  h igh ly  s ig n ifican t (p -< 0 .01) in  a ll age categories. As fa r  as th e  age g roups 
are  concerned , h igh ly  sign ifican t d ifferences were o b ta in ed  am ong th e  one- 
d ay -o ld  and  15-day-old  and  older ch ickens, and  also betw een  groups tw o  an d  
fo u r, and  th ree  and  four.

Acta J vterinaria Academiae Scientiarum Hungaricae 22, 1972



ONTOGENETIC DIFFERENCES IN THE ERYTHROGRAMS 5

A sim ilar decrease was described b y  B e s t  (1966) for 4 -day -o ld  New 
H am p sh ire  ch ickens, b y  V r b e n s k a  e t al. (1967) fo r 5 -day-o ld  W L cockerels, 
a n d  b y  R u so v  a n d  P e t r o v ic  (1968) on th e  1 0 th , 4 0 th  and  6 0 th  days. R ecen t 
au th o rs , how ever, claim  m uch  h igher va lues th a n  tho se  o b ta in ed  in o u r s tu d y . 
M e d w a y  an d  K a r e  (1959), on th e  o th e r h a n d , a sse rt th a t  p acked  c e ll vo lum e 
m easu red  in  ch ickens in w eekly in te rv a ls  show s p ra c tic a lly  no changes in th e  
course  of aging.

T he to ta l e ry th ro c y te  coun t was re la tiv e ly  h igh  in 1-day-old chickens of 
b o th  breeds, w h ich  corresponds w ith  th e  d a ta  re p o rte d  b y  all au th o rs  ( J o v a - 
N o v ic  and  V a p a , 1959; P r o c h á z k a , 1968; V r b e n s k a  e t al., 1967; R u so v  an d  
P e t r o v i c , 1968). H ow ever, th e  d a ta  on th e  fu r th e r  changes in th e  co u n t show  
som e d ifferences; th u s  only Vr b e n s k a  e t al. (1967) and  J a n t o s o v ic  (1965) 
a sse rt th a t  th e  m in im u m  values were o b ta in e d  on th e  7 th  day . In  ou r tr ia ls  
th e  e ry th ro c y te  c o u n t was co m para tive ly  b a la n c e d  u p  to  th e  17 th  d ay , w hen 
th e re  was a sud d en  decrease w hich was m a in ta in e d  u n til  th e  23rd day . A lthough  
on th e  1st d ay  a f te r  h a tch in g  a reduction  o f th e  e ry th ro c y te  n u m b er w as n o t 
d ire c tly  d e m o n s tra te d , th is  is suggested b y  th e  decreases in th e  hem oglobin  
level on th e  3rd  a n d  6 th  days an d  in  th e  p ack ed  cell vo lum e on th e  6 th  and  
12 th  days, b y  th e  f lu c tu a tin g  decrease in m ean  co rp u scu la r hem oglobin  from  
th e  3 rd  to  th e  6 th  d ay , an d  b y  th e  re la tiv e  h y p o ch ro m ia  occurring  from  th e  
3rd  d ay  a fte r h a tc h in g  and  balanced  only on th e  8 th  day.

S ta tis tic a l t r e a tm e n t revealed  th a t  th e  n u m b e r of e ry th ro cy te s  was 
h ig h ly  s ig n ifican tly  low er in th e  W L th a n  in  th e  CO breed . H igh ly  s ign ifican t 
d ifferences w ere observed  am ong th e  one-day-o ld , 2- to  7-day-old, 8- to  14- 
day -o ld , and th e  fo u r th  age group of chickens. N o s ta tis tic a lly  sign ifican t d if
ferences w ere rev ea led  am ong th e  o th e r age g roups.

T he falling  v a lu es  of m ost of th e  indices o f  th e  e ry th ro g ram  ju s tify  th e  
a ssu m p tio n  th a t  in  th is  period  e ry th ro cy te  d e s tru c tio n  occurs also in p o u ltry , 
as described  b y  M o r r o s  Sa r d Á (1960) for new -born  ch ild ren . F u rth e rm o re , as 
S c h a l m  (1964) h as  described  for a n u m b er of m am m als  (calves, p ig lets, k itte n s , 
e tc .), sh o rtly  a f te r  b ir th  th e  fe ta l e ry th ro cy tes  a re  rep laced  b y  corpuscles b e tte r  
su ite d  to  serve th e  developing  young. This is co rro b o ra te d  also b y  S ova  e t al.
(1969), who fo u n d  increased  b ilirub inem ia  in  4- to  5 -day-o ld  chickens.

E ry th ro p e n ia  occu rring  from  th e  17th  d a y  is p a r tic u la r ly  a p p a re n t in 
th e  chickens o f th e  W L  b reed ; i t  was also o bserved  b y  R u so v  an d  P e t r o v ic  
(1968) in  th e  N ew  H am p sh ire  b reed  on th e  2 0 th  d ay . E xam in in g  th e  effect of 
e x te rn a l te m p e ra tu re  on th e  to ta l  e ry th ro cy te  c o u n t M o y e  e t al. (1969) found  
th a t  in  chickens k e p t  from  th e  age of 7 days to  42 days a t  a te m p e ra tu re  of 
30 °C th e  e ry th ro c y te  co u n t d ropped  to  2.78 m illion . I t  seems p ro b ab le  
th e re fo re  th a t  th e  red u ced  e ry th ro cy te  coun ts in  th e  p re sen t ex p erim en t, as 
co m p ared  w ith  va lu es  re p o rte d  b y  o th e r au th o rs , a n d  th e  e ry th ro p en ia  observed  
be tw een  days 17 an d  23 are connected  w ith  th e  tro p ic a l c lim atic  cond itions.
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T h e m ean co rp u scu la r vo lum e (MCV), m ean  co rpuscu la r hem oglob in  
c o n c e n tra tio n  (MCHC) a n d  m ean  co rp u scu la r  hem oglobin  (MCH) w ere ra th e r  
h ig h  in  one-day-o ld  ch ickens of b o th  b reeds. T h e  values of th e  МСУ in d ica te  
a re la tiv e  m icrocytosis in  W L  ch ickens on th e  12 th  an d  to  a sm aller e x te n t  on 
th e  2 2 n d  day. T here w as a sim ilar sm all m icrocy tosis in  th e  CO chickens on 
th e  5 th , 12 th  and  2 6 th  d ay s, b u t  th e  change on th e  22nd day  was v e ry  m ark ed . 
In  4-w eek-old  chickens o f  b o th  b reed s, how ever, th e  МСУ is less th a n  th e  values 
m easu red  a fte r h a tch in g . T he p re se n t re su lts  coincide w ith  those  o f  V r b e n s k á  
e t al. (1967), who also d e m o n s tra te d  a considerab le  decrease in  MCV on th e  
5 th  d ay . T he values re p o r te d  by  R usov an d  P e t r o v i c  (1968) are h ig h  in  com 
p a riso n  w ith  th e  re su lts  o b ta in ed  d u rin g  th is  s tu d y  th ro u g h o u t th e  d eve lop 
m e n t o f chickens; on th e  o th e r h a n d , M o y e  e t al. (1969) claim  low er va lues.

T h e  m ean co rp u scu la r hem oglob in  show s som e flu c tu a tin g  decrease  from  
th e  3 rd  to  th e  6 th  d ay , a n d  from  th e  la t te r  d ay  onw ards s ligh tly  low er values 
th a n  fo r  chickens a f te r  h a tch in g . V r b e n s k á  e t al. (1967) assert th e  m in im um  
M CH on ly  in 8 -day -o ld  chickens, an d  R u so v  an d  P e t r o v ic  (1968) m en tion  
m u ch  h igher values.

R ela tiv e  h y p o ch ro m ia  o ccu rred  also on th e  3rd day  a fte r  h a tc h in g  in 
b o th  groups of ch ickens, an d  MCHC s ta r te d  to  rise  from  th e  8 th  d ay . F u r th e r  
fa lls  w ere observed on th e  23rd  a n d  22nd  d ay  in th e  W L an d  CO chickens, 
re sp ec tiv e ly . V r b e n s k á  e t al. (1967) fo u n d  th a t  the  m inim um  va lu es  reached  
on th e  8 th —10th d a y  re tu rn e d  to  th e  values o b ta in ed  ju s t  a f te r  h a tc h in g  only 
on th e  14 th  day.

T he differences b e tw een  b reeds in th ese  th re e  values w ere n o t  sign ifican t. 
N o sign ifican t d ifferences w ere o b served  in  th e  MCV values in  th e  single age 
g ro u p s, b u t in MCHC a n d  MCH h ig h ly  s ig n ifican t differences o ccu rred  betw een  
g ro u p s 1 and  2, 2 an d  3, and  2 an d  4; fu r th e r  th e re  was a sig n ifican t difference 
in M CHC betw een g roups 2 and  5, an d  in  MCH betw een  g roups 1 an d  5.

T h e  above com parisons show  t h a t  th e  v alues of all th e  p a ra m e te rs  of th e  
e ry th ro g ra m  d e te rm in ed  in th is  s tu d y , w ith  th e  exception  of th e  m ean  co rp u s
c u la r  volum e, are low er th a n  th o se  re p o rte d  by  m ost E u ro p ean  a u th o rs .

SUM M ARY

In a study carried out in Cuba, the erythrogram s of 163 W hite Leghorn and 160 Cornish 
chickens were determ ined betw een one and 28 days of age. Hem oglobin content, packed cell 
volum e and erythrocyte count for both breeds m oved w ithin the lower range of values obtained  
b y  m ost workers in the European m oderate zone, and were significantly lower for the WL 
chickens than for the CO breed. No significant differences between breeds were observed in the 
MCV, MCHC and MCH values.
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STUDIES ON GILL PARASITOSIS OF THE GRASSCARP 
(CTENOPHARYNGODON IDELLA) CAUSED BY 

DACTYLOGYRUS LAMELLATUS ACHMEROY, 1952
IV. HISTOPATHOLOGICAL CH ANGES  

B y

K. M o l n á r

Veterinary Medical Research In stitu te  (Director: D. D erzsy ) of the Hungarian Academ y of
Sciences, B udapest

(R eceived May 10, 1971)

In v es tig a tio n  o f m icroscopic  lesions o f fish  gills is o ften  ham pered  b y  th e  
in ad eq u acy  of ex isting  in fo rm atio n  a b o u t th e  a n a to m y  an d  histo logy  o f th e  
no rm al gill. In  o rd er to  fa c ilita te  an u n d e rs ta n d in g  o f  th e  p a th o h is to lo g y  of 
D actylogyrus lamellatus in fec tions in  grasscarp  (C tenopharyngodon idella), 
th e  f irs t p a r t  o f th is  p a p e r  is devo ted  to a descrip tion  o f th e  gill s tru c tu re  
d e te rm in ed  in h e a lth y  specim ens of th e  species.

The gill anatom y of cyprinids has been studied by P l e h n  (1901), Sch äperclau s  (1954), 
B y c zk o w sk a -Sm yk  (1959) and H a r d e r  (1964). H istological details have been dealt w ith  by  
fewer authors (e.g. B in e t  and V e r n e , 1931) and have usually been exam ined in connection  
w ith  pathological changes, although K u h n  and K o eck e  (1956) and L a ng  (1968) studied the  
norm al histo logy of the gill lam ellae of Carassius carassius for d iagnostic purposes. The acido
philic cell elem ents of the gills have been observed b y  L e in e r  (1937) and H o llid a y  and 
P a rry  (1962).

Microscopic gill lesions have chiefly been studied in connection w ith  carp dactylogyrosis; 
W u n d e r  (1926, 1929). K u l w ie c  (1929), Spic za k o w  (1930), I v a s ik  (1953), Sch ä percla u s  
(1954), B a u e r  (1959) and P a p e r n a  (1964) have dealt w ith the dam ages of D . vastator and 
B a u e r  and N ik o lsk a y a  (1954) and P ro st  (1963) w ith  those of D . extensus.

W il d e  (1937) in v e s tig a te d  g ill lesions caused  in  th e  ten ch  b y  D . macracanthus.
O bservations on gill parasitosis o f herbivorous fishes have as y e t been reported only by  

B a u e r  et al. (1959).

Materials and methods

G rasscarps o f v a rio u s  ages an d  b o d y  dim ensions w ere u sed  in th e  e x a m i
n a tio n s . T h e  m a jo rity  w ere p ro cu red  from  p o n d  farm s, th e  re s t  o rig ina ted  from  
a la b o ra to ry  stock. On e x te rm in a tio n  o f th e  fish , th e  gills w ere d iv ided  in to  
tw o p a r ts :  one h a lf  w as ex am in ed  in  u n tre a te d  s ta te  for gross an d  m icroscopic 
lesions, th e  o th e r h a lf  w as fix e d  im m ed ia te ly  in 10%  fo rm alin  fo r h isto log ical 
p rocessing . T he fix in g  so lu tio n  was d ilu ted  to  4 %  a f te r  4 —24 hours an d  th e  
fixed  specim en was em b ed d ed  in p a ra ffin  a f te r  1 — 8 w eeks. T he sections w ere 
s ta in ed  w ith  h aem ato x y lin  a n d  eosin or b y  F a rk a s —M allo ry ’s techn ique . M ost 
sections w ere  c u t lo n g itu d in a lly  so th a t  th e  b ran ch ia l lam ellae  w ere sec tioned  
p a ra lle l to  th e ir  lo n g itu d in a l ax is (Fig. 2). E x cep tio n a lly , sections were c u t in 
th e  p lan e  o f th e  lam ellae  or tran sv e rsa lly .
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Results

I . A natom ical structure o f  the g ill lamella o f  grasscarp

A row  of b ran ch ia l lam ellae  is a tta c h e d  to  e ither side o f th e  gill a rch . 
A cartilag in o u s ray  ru n s  a long  each lam ella ; th is  consists o f a th ic k  axis and  tw o 
la te ra l  p late-like processes th a t  ex ten d  on e ith e r  side to w a rd  th e  edge of th e  
lam ella  (Fig. 1). T he axis lies closer to  th e  inner th a n  to  th e  o u te r  edge of th e  
lam ella ; th e  inner edge is u n d e rs to o d  as th a t  n ear th e  c o n tra la te ra l lam ella. 
In  tra n sv e rsa l section th e  in n e r p la te lik e  process is sh o rte r  th a n  th e  o u te r one

а сГ c b

F ig . 1. B ranch ial lam ellae o f a  3 -sum m er g rasscarp  in cross section: a, a r té r ia  lam inae b ran - 
ch ia lis  efferens; b, a r té r ia  lam in ae  b ran ch ia lis  affe rens; c, axis of cartilag in o u s ra y ; d , re 

sp ira to ry  p la te s  in  cross section

a n d  its  leng th  co rresponds w ith  th e  d iam e te r of th e  ax is, w hereas th e  o u te r 
p rocess is 6 —7 tim es longer. T he a r té r ia  lam inae  b ran ch ia lis  efferens passes 
a lo n g  the  edge of th e  o u te r  p la te , an d  is con tinuous w ith  th e  a rté ria  lam inae  
b ran ch ia lis  afferens ru n n in g  along th e  edge of th e  inner p la te .

T he re sp ira to ry  p la te s  (foliae) are p e rp en d icu la r to  th e  p lan e  of th e  b ra n 
ch ia l lam ellae; th e y  e x te n d  from  th e  axis o f th e  ca rtilag in o u s  ra y  to  th e  a. 
lam in ae  b ranch ialis efferens an d  are  n o t m ore th a n  o n e -th ird  as th ick  as th e y  
a re  long. The edges of th e  lam ellae  are free of re sp ira to ry  p la te s  on b o th  sides.

I I .  N orm al histology o f  the g ill lamella o f  grasscarp

T he cell ty p es fo u n d  in  th e  gill lam ella  of the  g rassca rp  correspond, for 
th e  m ost p a r t, w ith  th o se  o bserved  by  K u h n  and  K o e c k e  (1956) in th e  gills 
o f  Carassius carassius.
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T he ca rtilag inous su p p o rtin g  s tru c tu re  of th e  b ra n c h ia l lam ellae  is su r
ro u n d ed  b y  connective  tissu e . T his form s a single la y e r  in  young fishes b u t  is 
m u ltilay ered  and  fib rous in o lder ones. T he c o n s titu e n t cells an d  th e ir  nucle i are 
e longated . F ib rous co n n ec tiv e  tissu e  su rrounds th e  a ffe ren t an d  efferen t a rte rie s  
an d  a few cells are  p re se n t along th e  arterio les passin g  in to  th e  re sp ira to ry  
p la tes.

Fig. 2. Branchial lam ella o f a one-summer grasscarp in longitudinal section

The b ran ch ia l lam ellae  are  covered by  a s tra tif ie d  ep ith e liu m  w hich  is 
con tin u o u s over th e  edges b u t  in te r ru p te d  w here th e  re s p ira to ry  p la te s  arise 
from  th e  lam ella  (F ig . 2). T he ep ith e liu m  is com posed ch ie fly  of cubo idal cells, 
w h ich , a lth o u g h  o f com m on orig in , rep re sen t tw o d iffe re n t m orphological 
ty p e s  (Fig. 3). O ne cell ty p e  fo rm in g  th e  b u lk  o f th e  b ra n c h ia l  ep ith e liu m  in 
a d u lt  fishes, b u t  ap p earin g  on ly  in th e  superfic ia l e p ith e lia l layers in y o u n g  
ones, is cha rac terized  b y  la rg e , ro u n d  or oval nuclei w h ich  s ta in  lig h tly  and  
h av e  1 — 3 ch ro m atin  g ranu les. T h e  cy top lasm , also la rg e  an d  p a le -s ta in in g , 
encloses vacuoles o f v a r io u s  sizes an d  has co n flu en t m arg in s . T he o th e r cells 
fo rm  th e  b u lk  of th e  b ra n c h ia l ep ith e liu m  in young  fishes, b u t  in o lder ones are 
seen on ly  in  th e  deep la y e rs ; th e y  are  re la tiv e ly  sm all an d , like th e ir  nucle i, 
irreg u la rly  polygonal. T h e  n u c le a r  ch ro m atin  sta in s  easily  a n d  encloses one or 
tw o  nucleoli. T he cy to p lasm  is den  se, w ith  co n flu en t m arg in s . Several t ra n s i to ry  
fo rm s ex is t be tw een  th e  tw o cell ty p e s .
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T he acidophilic cells described  b y  L e i n e r  (1937) in C arassius  are reg u 
la r ly  encoun tered  in th e  deep  lay ers  of th e  s tra tif ie d  ep ithe lium . T hese are very  
la rg e  an d  have a d isc-like or e longated  nucleus a t  one end. T h e  cy to p lasm  con
ta in s  sm all eosinophilic g ran u les  an d  m an y  sm all n o n -s ta in in g  vacuoles. In 
som e cells th e  g ranu les a re  c lum ped.

O th er norm al co m p o n en ts  of th e  s tra tif ie d  b ran ch ia l ep ith e liu m  are th e  
g o b le t cells, m ost o f  w h ich  a re  found  a t  th e  surface or a t  th e  edges o f th e  
b ra n c h ia l lam ella, a lth o u g h  som e betw een  th e  re sp ira to ry  p la te s . An ad d itiona l

c d a  b

F ig. 3. Stratified gill ep ithelium  o f the grasscarp: a, type 1 cuboidal cells; b, type 2 cuboida  
cells; c, acidophilic cells; d, goblet cells

cell ty p e  occurring  a t  th e  edges of th e  lam ellae  is oval in  sh ap e  an d  o n e-th ird  
o f  th e  size of g o b le t cells. T h e  nucleus o f th e se  cells lies on th e  ep ithe lia l side 
a n d  eosinophilic s tr ip e s  p ass  from  th e  n u c leu s to  th e  cell su rface . N o th in g  is 
know n  ab o u t th e  fu n c tio n  of th ese  cells, h u t  sim ilar ones occur in  th e  u r in a ry  
t r a c t  m ucosa (F igs 3, 4).

T he re sp ira to ry  p la te s  a t ta c h  to  th e  la te ra l  su rfaces o f th e  b ran ch ia l 
lam ellae. The su p p o rtin g  s tru c tu re  of th e  p la te s  is com posed o f  a m eshw ork of 
m od ified  endo thelia l cells, th e  so-called p ila s te r  cells. T h e  re sp ira to ry  p la te s  are  
covered  b y  re sp ira to ry  ep ith e liu m . T he p ila s te r  cells, w h ich  fo rm  endo thelia l 
w alls of th e  cap illa ry  n e tw o rk , are oval or ro u n d  en d o th e lia l cells w ith  f la tte n e d  
n ucle i (Figs 5, 6).

T he ep ithe lia l cells co a tin g  th e  re sp ira to ry  p la tes are  p ro b a b ly  of th e  sam e 
orig in  as th e  cubo ida l cells o f  th e  b ran ch ia l ep ithe lium , b u t  b o th  th e y  and  th e ir  
n u c le i are  f la tte r , p a r t ic u la r ly  in  younger fish  and  th e y  a t ta c h  to  th e  basem en t
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h

Fig. 4. Cells w ith  eosinophilic striation and of an unknown function  between goblet cells

Fig. 5. R espiratory plates in transversal section: a, epithelial cells; b , endothelial cells; c, red
blood cells; d, basem ent membrane
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m em b ran e  overly ing  th e  endothelium . O ccasiona lly  there  are  sm all, round  cells 
w ith  la rg e  nuclei, w h ich  are  p robab ly  ly m p h o c y te s .

In  in te rp re tin g  sec tions for ro u tin e  ex a m in a tio n  c u t p a ra lle l to  th e  gill 
a rc h  (F ig . 2) care  m u s t b e  tak en  n o t to  co n fu se  th e  p ic tu re  t h a t  resu lts  from  
an y  in accu racy  in  th e  p la n e  of section w ith  t h a t  p resen ted  b y  tru e  “ d e n u d a 
tio n ”  o f th e  tip s  o f th e  b ran ch ia l lam ellae , as in b o th  cases th e  re sp ira to ry  
p la te s  are a b se n t in  w hole  or in p art.

Fig . 6 . Respiratory plates in longitudinal section

I I I .  H istological exam ina tion  o f gills fro m  grasscarps infected w ith  D. lam ellatus

T he sections o f  gill specim ens from  g rasscarps w ith  d ac ty logyrosis  co n 
ta in e d  m an y  p a ra s ite s  a n d  showed tw o k in d s  o f changes: local lesions d ev e lo p 
ing  in th e  im m ed ia te  su rround ings of th e  p a ra s i te , and general lesions invo lv ing  
e ith e r  th e  en tire  gill o r its  g rea ter p a r t.

Local lesions

These a re  re la tiv e ly  slight, as P a p e r n a  (1964) an d  P r o s t  (1963) also 
o b serv ed  in d ac ty lo g y ro s is  of the  com m on  ca rp . The p a ra s ite  u sua lly  se ttle s  
in  th e  space b e tw een  tw o  resp ira to ry  p la te s , sinking its c e n tra l  hooks in to  th e  
b ase  of one p la te  a n d  its  m arginal hooks in to  th e  surface o f  th e  o ther one. T he 
t ip  o f th e  c e n tra l h o o k  e ith e r p e n e tra te s  th e  cells or p ierces an  a rte ry ; i t  m ay
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even  p ass  com pletely  th ro u g h  th e  p la te  (F ig . 7). T he m arg in a l hooks s ink  in to  
th e  cy to p lasm  of th e  coa tin g  ep ith e lia l cells and  te a r  it. T he cen tra l hooks cause 
ep ith e lia l erosions an d  m inor h aem o rrh ag es , b u t no tissue  p ro life ra tio n .

General g ill lesions

T hese com prise d eg en era tio n , tissu e  defects, haem orrhages, necrosis, 
a tro p h y  an d  cell p ro life ra tio n . T he n a tu re  o f th e  lesions depends on th e  d u ra tio n  
of th e  d isease, on th e  n u m b er of p a ra s ite s  es tab lish ed  on th e  gills an d  on th e  
e x te n t  o f regeneration .

F ig . 7. D. lamellatus sink ing  its  hooks in to  th e  base o f th e  re sp ira to ry  p la te

1. A n a b ru p t inv asio n  of th e  h o s t b y  m an y  D . latnellatus p a ra s ite s  re su lts  
in a ra p id  course of dac ty lo g y ro sis . T h is fo rm  of th e  disease ends fa ta lly  before  
th e  c h a ra c te ris tic  sy m p to m s and  lesions can  develop.

G rossly , th e  gills are  pa le  a n d  anaem ic  and  ex am in a tio n  u n d e r  th e  
s tereom icroscope reveals  th e  presence  o f m a n y  p a ras ite s  an d  loss of defin itio n  
of th e  gill s tru c tu re . M icroscopically , deg en era tiv e  changes ap p ea r to  be p re 
d o m in an t. T he ep ith e lia l cells o f th e  re sp ira to ry  p la tes are dam aged  or m a y  be 
e n tire ly  a b se n t in p laces, leav ing  th e  en d o th e lia l surface exposed. T he re m a in 
ing e p ith e lia l cells are  ru p tu re d  or d eg en e ra ted  (Fig. 8). T he ty p e  1 cubo ida l 
cells o f th e  s tra tif ie d  ep ith e liu m  b e tw een  th e  p la te s  also degenera te  or necro tize .
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16 MOLNÁR

E x tra v a s a te d  red b lood  cells and  eosinophilic  p a tch es  of p lasm a are seen b e 
tw een  th e  b ran ch ia l lam ellae  and  re sp ira to ry  p la te s .

2. T yp ica l a c u te  d ac ty logyrosis  is m an ife s ted  2 — 3 w eeks a fte r  invasion  
of th e  p a ras ite s . B y  th is  tim e  th e  gill lesions becom e grossly  v isib le. T he 
m assiv e ly  in fested  gills a re  p a le r th a n  n o rm a l a n d  m ay  assum e a m osaic-like 
a p p e a ra n ce  if  th ere  a re  haem orrhages. Copious m ucus covers th e  lam ellae. T he 
la t te r  a p p e a r deform ed a n d  ca rry  th ic k  g rey ish  bodies and  processes of vario u s 
sizes w h ich  m ay fo rm  adhesions b y  fusion . Som e b reak  off, leav ing  v isib le  
defec ts .

Fig. 8. D e g en e ra tio n  and necrosis of th e  re sp ira to ry  p la te  ep ith e liu m

T his form  o f dacty lo g y ro sis  is ch a ra c te riz e d  b y  p ro life ra tio n  of th e  gill 
ep ith e liu m . The p ro life ra tio n  o rig inates from  th e  cubo idal cells, w hich grow  
la rg e r  and  increase in  n u m b er, causing  a th ick en in g  of th e  lam ella. T he e p i
th e lia l  cells b e tw een  th e  re sp ira to ry  p la te s  en large , bu lg ing  above th e  level of 
the  p la te s  and  e v e n tu a lly  p roducing  adhesions betw een  th e  lam ellae.

T h e  cells o f th e  p ro life ra tiv e  tissu e  h av e  a foam y cy to p lasm  and  a la rge , 
ro u n d , clear nucleus w hich  encloses one or tw o  lig h tly  s ta in in g  nucleoli. T he 
cy to p lasm ic  vacuoles are  sm all an d  g ra n u la r  in th e  deeply  sea ted  cells, la rg e  
a n d  vesicu lar in cells o f  th e  u p p er layers. T h e  cell m argins are in d is tin c t. Som e 
o f th e  superfic ia lly  localized  cells necro tize  an d  undergo  cy top lasm ic  d is in te g ra 
tio n  an d  karyolysis (F ig . 9).
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Fig. 9. Ruptured epithelial cells around the site of a ttach m en t of the parasite

Fig. 10. Adhesion of branchial lam ellae 
and lacunar haemorrhages

Fig. 11. Fusion o f branchial lam ellae as a 
result o f cell proliferation
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18 MOLNÁR

In  m odera te ly  severe cases o f dac ty lo g y ro sis , the  n o rm al s tru c tu re  can 
be recogn ized  a t  th e  base  o f th e  lam ellae , b u t  in th e  cen tra l p a r t  o f th e  swollen 
lam e lla  degenerated  cubo ida l cells fill th e  spaces betw een the  re sp ira to ry  p lates, 
p u sh in g  th e  p la te  ep ith e liu m  to w a rd , an d  th e  cap illa ry  n e t  do w n w ard , deep 
in to  th e  p ro lifera tive  tissu e . A t th e  tip  o f th e  lam ellae, sev e ra l lay e rs  of p ro 
life ra tiv e  tissue overgrow  th e  rem a in s  of th e  capillaries, th u s  g iv ing  rise to  th e  
re sp ira to ry -p la te -free  “ lam e lla r p rocesses”  observed  by W u n d e r  (1929).

Fig. 12. P a ra s ite s  e stab lish ed  a t  th e  tip s o f th e  b ran ch ia l lam ellae

In  severe cases, 3 — 5 or even  m ore gill lam ellae m ay  coalesce w ith  one 
a n o th e r  (Figs 10, 11), u su a lly  a t  th e  tip s , b u t  occasionally  a long  th e ir  en tire  
le n g th . The orig inal s tru c tu re  o f  th e  lam ellae  is h a rd ly  p e rc e p tib le  w ith in  the  
in tr ic a te  p a tte rn  o f th e  p ro life ra tiv e  tissue . T he cap illa ry  n e tw o rk , pushed  in to  
th e  deep ep ithe lium  b y  p ro life ra tio n , can  be recognized in p laces, b u t  else
w h ere  i t  is seen on ly  in  th e  fo rm  o f lacu n as consisting  of en d o th e lia l and  red 
b lood  cells. The p ro life ra tiv e  tissu e  occasionally  co n ta in s m o n o n u c lea r cells. 
C onnec tive  tissue cells are seen o n ly  a ro u n d  th e  vessels or a long  th e  deform ed 
ca rtilag in o u s  su p p o rtin g  s tru c tu re  o f  th e  gill lam ellae.

T he cells of th e  p ro life ra tiv e  tissue d egenera te  and  n ec ro tize  on severely 
d efo rm ed  gill lam ellae. In  th e  so ften ed , necro tic  tissue th e  en d o th e lia l netw ork  
is re ta in e d  in a re la tiv e ly  in ta c t  s ta te  u n til  th e  ep ithe lia l cells d isap p ea r. Necrosis 
l a te r  involves th e  c a rtilag in o u s  p a r ts  and  arte ries  and  a ffec ted  lam ellae b reak  
off, leav ing  grossly v isib le  gill defec ts .
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Fig. 13. Parasite encased by proliferative tissue in transversal section

Fig. 14. Characteristic depressions at the attachm ent sites o f  the parasites
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20 MOLNÄR

Fig. 16. E pithelial atrophy in  chronic dactylogyrosis

Fig. 15. Local tissue proliferation in  chronic dactylogyrosis
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Fig. 17. N ecrosis o f cubo ida l cells

Fig. 18. Necrosis o f the tips o f the lamellae
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T he p a ra s ite s  expelled  from  th e ir  localiza tio n s b y  th e  p ro life ra tiv e  tissu e  
e ith e r  re a t ta c h  to  th e  s tra tif ie d  ep ith e liu m  a t  th e  tip s  an d  edges of th e  lam ellae  
(F ig . 12) or are re ta in e d  betw een th e  lam ellae  an d  becom e encased b y  p ro 
life ra tiv e  tissue (F ig . 13). A ch a rac te ris tic  depression  arises a ro u n d  th e  h a p to r  
o f p a ra s ite s  fix in g  them selves to  th e  s tra tif ie d  ep ithe lium  (F ig . 14).

T he m icroscopic p ic tu re  of ch ron ic  D . lam ellatus in fection  is p red o m in a ted  
b y  deg en era tiv e  lesions. The ep ithe lia l c o a t o f th e  re sp ira to ry  p la te s  d isap p ears , 
le av in g  them  e ith e r  den u d ed  or fringed  w ith  cell fragm en ts hang ing  from  th e  
b a se m e n t m em b ran e . In  less affec ted  a rea s , th e  p ro life ra tiv e  tissue  fills th e  
spaces betw een th e  re sp ira to ry  p la te s  b u t  w ith o u t causing adhesions (F ig. 15). 
A m ore  c h a ra c te r is tic  change is th e  red u c tio n  of ep ithe lium  betw een  th e  p la te s ; 
on ly  2 —3 layers cover th e  u n d erly in g  ca rtilag e  and  connective  tissue an d  th e  
u p p e r lay er is d am ag ed  (Fig. 16). In  c e r ta in  cases th e  g rea te r  p a r t  of th e  gills 
becom es necro tic ; n ec ro tic  lam ellae held  to g e th e r only b y  th e  ca rtilag inous 
p a r t  o f th e  gill a rches a lte rn a te  w ith  so u n d  ones. In  such  areas, cell necrosis 
ta k e s  p lace by  b o th  karyo lysis an d  k a ry o rrh e x is  (Figs 17 and  18).

Discussion

T he gross a n d  m icroscopic lesions caused  b y  D. lam ellatus resem ble th e  
dam ages of D . vastator ( W u n d e r , 1929; P a p e r n a , 1964; U s p e n s k a y a , 1961), 
D . m acracanthus ( W i l d e , 1937) an d  D . extensus (B a u e r  an d  N ik o l s k a y a , 
1954; P r o s t , 1963). Lesions caused b y  D. vastator and D. m acracanthus are 
ch a rac te rized  b y  tissu e  p ro life ra tion  an d  th o se  b y  D. extensus b y  superfic ia l 
ep ith e lia l dam age.

The ty p e  o f th e  p red o m in an t m icroscopic  lesion depends on th e  bo d y  
d im ensions o f th e  h o s t, on th e  n u m b e r o f  th e  in v ad ing  p a ra s ite s  and  on th e  
d u ra tio n  of inv asio n . I f  th e  fish  is sm all, few er p a ras ite s  are  req u ired  to  cause a 
gill dy sfu n c tio n  th a n  in  a la rger fish . I f  th e  in festa tio n  is m assive, sy m p to m s 
a n d  gill dam ages a p p e a r  earlier th a n  a f te r  a m ild  invasion . W hile th e  size of th e  
h o s t and  th e  n u m b e r o f th e  p a ra s ite s  d e te rm in e  th e  p a th o g e n ic ity  an d  th e  
sev e rity  of th e  deg en era tiv e  processes, th e  d u ra tio n  of invasion  has a decisive 
in fluence  on th e  n a tu re  of th e  m icroscop ic  lesions.

An a b ru p t, m assive  la rv a l in v asio n  ch iefly  affects th e  re sp ira to ry  e p i
th e liu m . D eg en era tio n  or d e sq u am atio n  of th e  ep ith e liu m  dim inishes th e  
oxygen  in tak e , b u t  m ore  dam age is done b y  e x tra v a sa tio n  o f b lood p lasm a  
across th e  d en u d ed  endo thelium  as in  y o u n g  2 — 3 cm long g rasscarps th is  
re su lts  in an osm otic  dysbalance o f th e  b lood .

I f  la rv a l in v asio n  takes p lace over a longer period , th e  host o rgan ism  
tr ie s  to  co m p en sa te  th e  d egenera tive  changes by  reg en e ra tiv e  phenom ena . 
T issue  p ro life ra tio n  is ty p ica l o f acu te  dacty logyrosis. P ro life ra tio n  invo lves
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th e  cu b o id a l ep ithe lium  ( P a p e r n a , 1964) b u t n o t connective  tis su e  cells. T he 
in itia l p h ase  of reg en era tio n  is ch a ra c te riz e d  by  swelling o f th e  cubo ida l cells 
and  th e ir  nucleus p ro life ra tio n  begins on ly  la te r  w ith  th e  en la rg ed  cells rising  
above th e  level of th e  re sp ira to ry  p la te s  and  overgrow ing th e m . Cells a t  th e  
surface g rad u a lly  deg en era te  an d  m u cu s  accum ulates in th e ir  cy to p lasm .

E p ith e lia l cell p ro life ra tio n  p re v e n ts  denudation  of th e  en d o th e liu m  and  
hence e x tra v a sa tio n  o f b lood  p lasm a , b u t  i t  isolates th e  cap illa ries from  th e ir  
su rro u n d in g s  th e reb y  in h ib itin g  oxygen  exchange. In  m ild  cases o f dac ty lo - 
gyrosis, w hen  the  u n im p a ired  gill a rea  is large enough to  p ro v id e  fo r su ffic ien t 
oxygen  u p ta k e , cell p ro life ra tio n  can  com pensate  th e  d eg en era tiv e  lesions 
caused b y  th e  p a ra s ite . If, how ever, th e  gill lesions are ex ten siv e , re sp ira to ry  
fu n c tio n  ceases and  th e  fish  dies o f a sp h y x ia . A certa in  a m o u n t o f m ucus is 
p resen t on norm al gills, th ro u g h  th e  a c t iv i ty  of th e  goblet cells localized  on th e  
surface o f  th e  ep ithe lium  and  betw een  re sp ira to ry  p la tes, b u t  copious secretion  
of m ucus by  im paired  gill cells in te rfe re s  w ith  resp ira tion . T he in c reased  secre
tion  o f m ucus is n o t, how ever, re la te d  to  h y p erfunc tion  or m u ltip lic a tio n  of 
goblet cells ( P a p e r n a , 1964) because m o st o f these  d e te rio ra te  a long  w ith  th e  
superfic ia l ep ithe lium . In  all p ro b a b ility  i t  o rig inates from  cu b o id a l cells w hich  
undergo  a m ucoid d egenera tion  p rio r to  d isrup tion . This process tak es  p lace 
p rim arily  in the  superfic ia l layers o f th e  gill epithelium .

In te re s tin g ly , th e  acidophilic  cells o f th e  s tra tif ied  ep ith e liu m  do n o t 
n o tab ly  m u ltip ly  d u rin g  th e  gill d isease, a lth o u g h  th is is u su a l in  o th e r  p a th o 
logic processes. A ggregation  o f th e  cy to p lasm ic  granules is, how ever, m ore com 
mon th a n  th e  norm al fin e ly  g ra n u la r  ap p earan ce .

In  ch ron ic  dacty logyrosis , th e  co m p en sa to ry  m echanism  is lim ited  to  th e  
s u b s titu tio n  of the  d e te rio ra ted  tissu es  an d  no cell p ro life ra tio n  ta k e s  p lace. 
G eneral w e ig h t loss due to  p a ra s ito s is  re su lts  in a tro p h y  o f th e  gill tissues, 
and  d eg en e ra tiv e  p h en o m en a  are seen a t  th e  sites w here th e  p a ra s ite s  a tta c h , 
as well as in th e  superfic ia l cell layers.

N ecrosis of ce rta in  gill areas ta k e s  place b o th  in acu te  a n d  chronic 
dac ty lo g y ro sis . A fter th e  acu te  co n d itio n  has subsided, th e  lam e lla r  tip s  w hich  
have b eco m e fused b y  tissu e  p ro life ra tio n  necro tize  and  fa ll off. In  chronic 
d ac ty lo g y ro sis , necrosis o f th e  lam ellae  v e ry  likely  takes p lace in  consequence 
of th e  im p a irm e n t and  o b lite ra tio n  of th e  supp ly ing  vessels. A fte r  d e ta c h m e n t 
of th e  n e c ro tic  p a rts  a com plete  r e s ti tu tio n  is possible.

SUM M ARY

Gills o f  healthy grasscarps (Ctenopharyngodon idella) and specim ens infected w ith  
Daclylogyrus lamellatus w tre exam ined. The anatom ical and histological structure of normal 
branchial lam ellae is described to aid diagnostic comparison.

E stab lishm ent of D. lamellatus parasites on the gill lamellae gives rise to  local and 
general lesions. The local lesions comprise erosions, endothelial impairment and m inor areas o f  
cell degeneration around the site o f attachm ent o f the parasite. The general gill lesions include
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degeneration, tissue dam age, haemorrhages, necrosis, atrophy and cell proliferation. The nature 
of the lesions depends on  th e  duration of the disease, the num ber o f parasites established on 
the gills and the ex ten t o f  regeneration.

I f  the infection ta k es a rapid course, the typical lesion is degeneration of the respiratory 
plate epithelium. In acute  dactylogyrosis this is com pensated b y  proliferation of the cuboidal 
cells o f the lamellar ep ith eliu m  which results in the disappearance o f respiratory plates, process
like transformation and adhesion of the lam ellae. I f  the condition  is chronic, the respiratory  
epithelium  becomes dam aged , the epithelium  atrophies and the lam ellae necrotize but there is 
only  a local degeneration.
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RENAL PHOSPHORUS EXCRETION OF CATTLE 
AND ITS RELATIONSHIP WITH CALCIUM SUPPLY

B y

G y . T ö l g y e s i

D e p artm en t o f A n im al N u tr itio n  (H ead : P ro f. J .  Má rku s), U n iv e rs ity  o f V eterinary  Science,
B u d ap es t

(R eceived  M ay 18, 1971)

T he p h o sp h o ru s supp ly  of an im als is u su a lly  checked  b y  chem ical analysis  
o f th e  ra tio n s  fed  to  th em  an d  th e ir  organs (blood, bone, hair). R ecen tly , 
analysis of p h o sp h o ru s excre tion  has been proposed  as a new  approach  to  the  
p rob lem  (M á r k u s  an d  T ö l g y e s i , 1972). T he connected  questions of u r in a ry  
p h o sphorus ex c re tio n  an d  fac to rs in fluenc ing  it, how ever, are  d ea lt w ith  on ly  
in c id en ta lly  b y  te x tb o o k s  of m inera l m etabo lism .

T he phosp h o ru s c o n te n t of bovine  u rin e  has been  assessed b y  d irec t o r in d irect m easu re 
m en ts as 11 p p m  (Ma n sto n , 1964; Ma n sto n  an d  V agg , 1970), 10— 70 p p m  (B ertzbach  e t a l., 
1965), 1.3— 1.5 p p m  (B l o sse r , 1950), e tc ., a lth o u g h  m uch  h igher v a lu es, such as 400 p p m  
(Sc h r e ib e r , 1952; Ge r ic k e , 1958), 440 p p m  (Sa u e r l a n d t , 1951) a n d  4000 ppm  (B o e h n c k e  
an d  T ie w s , 1971) hav e  also been  rep o rted .

T he p re se n t s tu d ie s  on ren a l p h o sp h o ru s e lim ina tion  o f c a ttle  were ca rried  
o u t on one h a n d  to  reconcile th e  above c o n tra d ic to ry  ob se rv a tio n s, on th e  o th e r  
to  fin d  an  ex p la n a tio n  fo r th e  low  u r in a ry  phosphorus levels observed  in in fe rtile  
cows on a s ta te  fa rm  ( T ö l g y e s i  an d  A n t a l , 1967). Since low  u rin a ry  p h o s 
phorus excre tion  in  ru m in a n ts  has o ften  been a t tr ib u te d  to  ch ron ic  P -d ep le tio n  
(V o g e l , 1962) an d  excess calcium  has been  show n to  depress b o th  th e  u tiliz a tio n  
and  ren a l e lim in a tio n  o f p h o sphorus ( G u e g u e n  an d  R e r a t , 1967), th e se  
in te rre la tio n sh ip s  w ere exam ined  to  th ro w  m ore lig h t on th e  problem .

Materials and methods

U rine an d  faeca l sam ples w ere co llected  fo r p re lim in a ry  exam in a tio n s in  
1967 from  a to ta l  o f  14 c a ttle  fa rm s in  areas w ith  d iffe ren t soil com position . 
U sually  sp o n tan eo u sly  ex cre ted  u rin e  an d  faeces w ere u sed , b u t  occasional 
sam ples w ere ta k e n  b y  b la d d e r c a th e te r  or from  th e  re c tu m . D iu rn a l f lu c tu 
ations w ere d isreg a rd ed  because th e y  p ro v ed  im m a te r ia l com pared  w ith  
in d iv id u a l v a ria tio n s . A t each sam pling  th e  ex c re ta  o f 5 — 8 an im als p er h e rd  
were an a ly sed  in d iv id u a lly , because p re lim in a ry  ex am in a tio n s  show ed th a t  th is  
is th e  m in im um  n u m b e r  o f sam ples from  w hich an average  fo r th e  herd  can be  
de te rm in ed .
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P hosphorus c o n te n t w as d e te rm in ed  by  th e  m ethod  o f U r b á n y i  (1931), 
ca lc iu m  w ith  a Zeiss flam e  p h o to m e te r , an d  n e t base ex c re tio n  ( J ö r g e n s e n , 
1957) a n d  u rine  p H  w ere assessed b y  m ean s o f a R adelk is 204 p H  m eter.

T he phosphorus b a lan ce  of c a ttle  w as estab lished  b y  a m e th o d  e lab o ra ted  
in  th is  D e p a rtm en t (T ö l g y e s i , 1971).

Results

1. D aily  renal phosphorus elim ination o f  cattle

Q u a n tita tiv e  re la tio n sh ip s  w ere d e te rm in ed  accord ing  to  th e  guideline 
n o rm s w idely  used  in th is  c o u n try  ( U r b á n y i , 1969). F ive  cows w eighing ab o u t 
500 k g  an d  producing  a b o u t 10 litre  m ilk  da ily  were given a da ily  phosphorus

Fig . 1. Phosphorus balance of cow

su p p ly  o f 46 g. T he C a/P  ra tio  o f th e  feed  was 4. T he average  am o u n ts  of 
p h o sp h o ru s  ex cre ted  w ith  faeces, m ilk  a n d  urine were a b o u t 35, 10 an d  0.25 
g, resp ec tiv e ly , u n d e r th e  given co n d itio n s (Fig. 1). O f th ese  values, only  th e  
a m o u n t e lim inated  w ith  th e  m ilk  was s ig n ifican t; the  u r in a ry  level am o u n ted  
o n ly  to  a b o u t 0 .5%  o f th e  q u a n ti ty  su p p lied , co n tra s ted  to  76%  in th e  faeces 
a n d  22 %  in th e  m ilk. I n  th is  lig h t, th e  u r in a ry  excre tion  o f p h o sphorus appears 
neg lig ib le  w ith  reg a rd  to  phosphorus b a lance .

2. Phosphorus level o f  bovine urine

In  th e  a u tu m n  feed ing  period , th e  average c o n cen tra tio n  was 14 +  15 
p p m  ( =  m g /litre), as d e te rm in ed  b y  th re e  replica m easu rem en ts  on 150 cows 
fro m  8 herds. The av erag e  for th e  w in te r  feeding period  w as de te rm in ed  as
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1 8 ^ 1 4  p pm , fo r u rine  sam ples o f 95 cows from  12 herds. In d iv id u a l v a ria tio n s  
m a y  be h igher th a n  in te rh e rd  v a ria tio n s  an d  m ay  a tta in  one o rd e r of m ag n itu d e  
w ith in  one an d  th e  sam e h erd . T h u s th e  assessm ent of a h e rd  average  requ ires 
th e  analysis o f u rine  sam ples from  a t least 6 — 8 cows. T h e  ex trem e  lim its of 
h e rd  averages w ere 4 and  67 ppm .

3. Relationship between urinary  phosphorus level and C a/P  ratio o f  the faeces

Since calcium  influences th e  tra n s p o r t  of phosphorus in  an y  biological 
sy s te m  and  since th e  C a/P ra tio  can  be ascerta ined  by  chem ica l analysis of th e  
faeces ( M á r k u s  an d  T ö l g y e s i , 1972), th e  relationsh ip  b e tw een  th is  ra tio  and  
re n a l p h o sphorus e lim ina tion  w as analysed  b y  s ta tis tic a l m e th o d s .

a) T he ra n k  co rre la tion  coeffic ien t (p =  0.1) was —0.71 fo r th e  au tu m n  
feed ing  period , suggesting  a fa ll o f u r in a ry  phosphorus ex c re tio n  w ith  th e  rise 
o f  th e  C a/P ra tio ;  th e  la t te r  v aried  betw een  3.2 and 10.3 and  th e  fo rm er betw een 
7 a n d  67 ppm .

b) T he C a/P  ra tio  d e te rm in ed  for 12 herds in th e  w in te r  feeding period 
w as 3.2 — 10.3 an d  u r in a ry  ph o sp h o ru s level s im u ltaneously  v a rie d  from  4 to  
37 ppm . A sig n ifican t inverse  re la tio n sh ip  betw een th e  tw o  p a ram e te rs  is 
su g g ested  b y  th e  ra n k  co rre la tio n  coefficien t of —0.72 (a t  a p  =  0.01 p ro b a 
b il i ty  level, because o f th e  g re a te r  n u m b e r of sam ples an a ly sed ).

Fig. 2, Relationship betw een faecal Ca/P ratio and urinary P concentration
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A linear regression  eq u a tio n  w as th e n  fo rm u la ted  fo r th e  tw o variab les 
d e te rm in ed  in th e  w in te r  period :

у  =  35.2 — 3.12*

F ro m  th is  for a given C a/P  ra tio  *, th e  corresponding  u r in a ry  phosphorus level, 
y , can  be derived a t  a p ro b a b ili ty  level o f 0.01. The g ra p h ic a l rep resen ta tio n  of 
th e  eq u a tio n  (Fig. 2) c le a r ly  shows th e  fall o f u rin a ry  p h o sp h o ru s  level w ith  the  
rise  o f th e  Ca/P ra tio  in  th e  faeces (and  feed).

c) R an k  co rre la tio n  betw een  the  phosphorus c o n te n ts  of urine and faeces 
w as 0.48, and so s ta t is t ic a l ly  n o t sign ifican t.

4. Relationship between urine p H  and phosphorus elimination

T he ran k  c o rre la tio n  coefficient o b ta in ed  from  a com plex  investiga tion  
w as —0.44 (viz. s ta tis t ic a lly  n o t s ign ifican t), b u t th e re  w as a tendency  suggest
ing  th a t  u rin a ry  p h o sp h o ru s  level is low er a t a lkaline p H .

5. Relationsh ip  between the excretion o f  base and  phosphorus

T he ac id -b a se  b a la n c e  of th e  organism  has sev e ra l connections w ith  
phosphorus e lim in a tio n . A re la tio n sh ip  was th e re fo re  so u g h t betw een n e t 
u r in a ry  a c id -b ase  ex c re tio n  an d  u r in a ry  phosphorus level.

a) The u r in a ry  p h o sp h o ru s  co n cen tra tio n  and  th e  Jö rgensen  num erica l 
va lu es  for a c id -b a se  ex c re tio n  (range: J - 10 and  —)-307 m E q .)  are no t sign ifi
c a n tly  re la ted  ( r =  — 0 .22), b u t  th e re  is a sligh t te n d e n c y  fo r lower phosphorus 
levels to  be coupled to  g re a te r  base excretion .

b) There is no s ig n if ic a n t re la tio n sh ip  e ith e r b e tw een  faecal Ga/P ra tio  
a n d  u rin a ry  base e x c re tio n  (r =  0.23), b u t  th e re  is a s lig h t ten d en cy  for base 
excre tion  to  increase w ith  th e  rise o f th e  calcium  level.

c) A lthough  n o t  a p p a re n t  on th e  in d iv id u a l level, a re la tionsh ip  betw een  
u r in a ry  p H  (range: 7.22 — 8.75) and  base  excre tion  cou ld  be in ferred  from  
th e  farm  averages. T h e  correspond ing  ra n k  co rre la tio n  coefficient was 0.85
(p  =  0.01).

Discussion

I t  follows from  th e  m easu rem en ts th a t  u n d e r c o n v en tio n a l feeding con
d itio n s in H u n g ary , th e  average phosphorus level o f  b o v in e  urine is ab o u t 16 
p p m , w hich rep re sen ts  a b o u t 0 .5%  o f th e  daily  p h o sp h o ru s  supply . S ta n d a rd
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dev ia tions betw een  h e rd  averages a m o u n t to  100% , w hile in tra h e rd  v a r ia tio n s  
m ay  a tta in  a w hole o rd e r o f m ag n itu d e . P hosphorus e lim in a tio n  w ith  m ilk  an d  
faeces is a b o u t 40 an d  140 tim es g rea te r , re spec tive ly , th a n  th e  q u a n tity  ex c re ted  
w ith  th e  u rin e . H e rd  averages for th e  C a/P  ra tio  an d  u r in a ry  P level are  in 
versely  re la te d : th e  h ig h er th e  ra tio , th e  less p h o sp h o ru s  is e lim in a ted  w ith  
th e  u rine.

O th er o b se rv a tio n s  on m etabo lism  of p h o sp h o ru s ( U r b á n y i , 1969; M a n 

s i o n  an d  Y a g g , 1970) an d  o th e r e lem ents p e rm it th e  conclusion t h a t  th e  
u rin a ry  p h o sp h o ru s level varies w ith  th e  efficiency of p h o sp h o ru s su p p ly . T he 
fac t th a t  f lu c tu a tio n  o f  th e  u rin a ry  p h o sp h o ru s level is m ore  closely re la te d  w ith  
th e  change o f  th e  faeca l C a/P ra tio  (r =  0.72) th a n  w ith  faecal p h o sp h o ru s 
co n ten t (r =  0.48) suggests  th a t  m ore  a tte n tio n  th a n  h ith e r to  should  be p a id  
to  th e  avo idance  o f ca lc ium  excess. D ie ta ry  fac to rs , in c lu d in g  calcium  excess, 
affects m ore th e  u r in a ry  th a n  th e  b lood  co n cen tra tio n  of phosphorus. T h is 
follows from  th e  ro le  of th e  k idney  in  th e  m a in ten an ce  o f hom eostasis. T he 
observations d esc rib ed  in  th is  p ap er w ere in ten d ed  o n ly  to  e s tab lish  th e  g enera l 
n a tu re  o f th is  effec t, so th a t  co m p lem en ta ry  la b o ra to ry  ex am in a tio n s are  
alw ays req u ired  to  co n firm  w heth er ex trem e  u r in a ry  p h o sp h o ru s  levels sign ify  
only an  ex trem e  d ie ta ry  C a/P  ra tio  or th e  presence o f  som e m etabo lic  d iso rd e r 
(acidosis, alkalosis) o r o rganic  disease (n ep h ritis , nephrosis).

SUM M ARY

Cows fed 46 g phosphorus daily in a dietary Ca/P ratio o f  4 excreted about 35, 10 and 
0.25 g phosphorus w ith  faeces, milk and urine, respectively. The average urinary phosphorus 
level was assessed as 16 ppm , w ith  a standard deviation  of + 1 0 0 % . L im it values obtained in 
245 individual m easurem ents were 4 and 67 ppm . The urinary phosphorus level is inversely  
related w ith the faecal Ca/P ratio (r — — 0.71 or — 0.72) for the w inter feeding period. This 
relationship can be expressed w ith  the linear regression equation y  =  35.2 — 3.12 x from which  
urinary phosphorus level (x) can be calculated at a significance leve l better than p  — 0.1 for 
any given faecal Ca/P ratio (y). Phosphorus contents o f faeces and urine are not significantly  
related.

Urinary phosphorus determ ination can be used as a com plem entary assay to detect 
feeding errors resulting from  an abnormal Ca/P ratio.
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When artificial insem ination is applied in a cattle  herd, it is a com mon observation that 
although all cows are insem inated with good-quality sem en, and the m ajority subsequently  
conceive, conception fails in a number of cases, despite the apparent norm ality and good health  
of the animal. The cows w hich do not conceive prove to be free from any infectious or venereal 
disease and return again into heat. For this reason th ey  are usually called “ repeat breeders” . 
Ca sid a  (1951) in fact suggested that a repeat breeder is any cow which requires more than one 
service to conceive. It has been estim ated that failure of fertilization , and the consequent 
breeding inefficiency, accounts for about 25% of infertility  among cattle (T anabe  and Ca sid a , 
1949). Subinfertility o f this type is undoubtedly responsible for considerable economic losses to 
both farmers and breeders all over the world.

The functions o f the cervico-vaginal m ucus in assisting the passage of sperm atozoa 
through the female genital tract — by providing nutrients for sperm atozoal metabolism and 
offering optim um  conditions for fertilization — can not be neglected in this respect. Num erous 
reports in the literature suggest that in cows which fail to conceive the cervical mucus may have  
undergone biochem ical*alterations that render it deleterious to sperm atozoa and hinder their 
progress.

The p resen t in v es tig a tio n  was u n d e rta k e n  in an a t te m p t to  th row  m ore 
lig h t upon  th e  b iochem ical p roperties of ce rv ica l m ucus from  rep ea t b reeders 
an d  from  cows w hich secre te  an abnorm al “ w a te ry ”  m ucus, and  to  com pare th e  
find ings w ith  those  d e te rm in ed  for no rm al easy -b reed ing  cows.

M ethod

C ervico-vaginal m ucus sam ples w ere co llected  a t  th e  tim e  of oestru s 
from  51 rep ea t b reed e r cows and  34 no rm al, easy -b reed in g  cows on d ifferen t 
fa rm s n ea r B u d ap est. All anim als w ere free from  in fec tious and  venereal 
disease an d  had  p rev io u sly  been in h ea t m ore th a n  once a t  reg u la r in te rv a ls . 
In  ad d itio n , 52 sam ples o f w a te ry  m ucus w ere also exam ined . M ost of these  
w ere o b ta in ed  from  re p e a t b reeders, b u t  w ere g ro u p ed  se p a ra te ly  on accoun t 
o f th e ir  v e ry  d iffe ren t physica l p ro p erties  (essen tia lly  th e  consistency  an d  
“ S p in n b a rk e it” ). G ynaecological exam in a tio n  of th e  an im als was carried  ou t 
a t  th e  tim e th e  sam ples w ere collected. In  th e  la b o ra to ry , sam ples were in 
v e s tig a te d  w ith  reg a rd  to :

1) physical p ro p e rtie s , includ ing  colour, consistency , p H  and  “ S p in n 
b a rk e it” ;
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2 )  t h e  a m o u n t  o f  r e d u c i n g  s u g a r s  ( e x c e p t  f r u c t o s e )  a n d  t h e  f r u c t o s e  

c o n t e n t ,  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  b y  t h e  m e t h o d s  o f  E k  a n d  H u l t - 

MAN (1957) a n d  R o e  (1934), r e s p e c t i v e l y ;

3) th e  a m ou n t o f  ch loride, d eterm in ed  by p o ten tio m etr ic  titra tio n ;
4) ca lc ium  an d  m agnesium  c o n te n ts , de term ined  b y  co m p lex o m etry , as 

d e sc rib ed  b y  B a r s a i  (1970) and  F l a s c h r a  an d  Ho,l a s e r  (1952), re sp ec tiv e ly ;
5) th e  in organ ic p h osp h ate  c o n te n t , estim ated  b y  th e  m eth od  o f  F i s r e  

an d  S u b b a r o w  (1925).
T h e  re su lts  o f all b iochem ical an a ly se s  w ere ca lcu la ted  in te rm s o f m g/100 

m l o f  m ucus an d  th e  d a ta  e v a lu a te d  s ta tis t ic a lly  to  d e te rm in e  m ean  v a lu es , 
s ta n d a rd  d ev ia tio n , varian ce  an d  deg ree  of significance ( S n e d e c o r  an d  
C o c h r a n , 1967).

Results and discussion

T h e  resu lts  o f th e  b iochem ica l assay s of th e  d iffe ren t cerv ico -vag inal 
m u cu s  sam ples are  com pared  in T ab le  1.

T he p H  values of m ucus from  re p e a t b reeder cows reco rded  in  th is  
in v e s tig a tio n  fa ll w ith in  th e  ranges r e p o r te d  for sim ilar m a te r ia l b y  S m i t h  an d  
A s d e l l  (1941), B r o w n  (1944) a n d  R o a r r  and  H e r m a n  (1950). A lth o u g h  
m u cu s  fro m  th e se  an im als ap p ea rs  to  b e  s ligh tly  m ore acid ic th a n  th a t  from  
th e  n o rm a l cows (average p H  6 .9 ^ 0 .4 ) ,  th e  difference is n o t s ig n ifican t. 
W a te ry  m ucus sam ples, on th e  o th e r  h a n d , were s ig n ifican tly  (p  <C 0.05) m ore 
a lk a lin e  th a n  n o rm a l m ucus. T hese sam p les  d id  n o t form  th re a d s  (i.e. d id  n o t 
e x h ib it  th e  S p in n b ark e it p ro p e rty ) , and  th e ir  consistency  was too  low to be 
m easu red  b y  consistom eter.

Table I

Biochem ical com position of

Reproductive condition No. of 
animals pH

Reducing sugars Fructose

R epeat breeder r>i 6.7 +  0.8 
(6.1 7.2)

13 + 1 0 .1  8 +  6.7 
(9—23) (tr a c e s— 12)

W atery mucus 52
X

7.3 1 0.5 
(6 .8 —7.8)

X
7 + 1 2 .7  

(traces — 15)

X
4 +  3.0 

(traces — 8)

Norm al 34 6.9 +  0.4 
(6.6 —7.2)

20.1 +  25.8 
(7 32)

7.1 +  11.6 
( 2 -  25)

X Significantly different from values o f  normal oestrous mucus.
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The a lk a lin ity  of w a te ry -ty p e  cerv ical m ucus, w h ich  was also re p o rte d  
b y  C s e h  and  G á s p á r  (1963), seem s to  e x e r t an in ju rio u s e ffec t on sperm atozoa. 
T he p H  of fresh ly  e ja c u la te d  sem en is u su a lly  on the  ac id ic  side of n e u tra lity , 
v a ry in g  from  6.5 to  6.9, w ith  a m ean  6.75 ( A n d e r s o n , 1942). P a t t a b i r a - 

m a n  e t al. (1967) fo u n d  th a t  sp erm ato zo a l m o til i ty  is g rea tly  a ffec ted  
b y  th e  pH  of th e  cerv ica l m ucus: as th e  m ucus becom es m ore a lk a 
line th e  p ercen tag e  of v iab le  sp erm ato zo a  decreases. S perm atozoal p ro g 
ress th ro u g h  th e  fem ale  g en ita l t r a c t  is, m oreover, g re a tly  affected b y  th e  
lack  of S p in n b a rk e it o f  w a te ry  m ucus. In  ex p la in in g  com parab le  o b se r
v a tio n s on h u m an  ce rv ica l m ucus, O d e b l a d  (1959) assum ed  th a t  d u rin g  
m id-cycle th e  m ucus is assem bled  in a m icellar a rra n g e m e n t in such a w ay  
th a t  sperm  m ig ra tio n  is allow ed in th e  spaces be tw een  th e  micelles. In  th e  
absence of S p in n b a rk e it, therefo re , sp erm ato zo a l m o v e m e n t will clearly  be 
re ta rd e d . C s e h  an d  G á s p á r  (1963) an d  P a n i g r a h i  (1964) found  th a t  cows 
secre ting  m ucus of h igh  S p in n b a rk e it u su a lly  conceived a n d  were only excep 
tio n a lly  re tu rn e d  fo r a second  in sem in a tio n , while m o st re p e a t breeders h a d  
m ucus of a v e ry  low S p in n b a rk e it. T he sam e find ings w ere rep o rted  for h u m a n  
beings b y  C o h e n  e t  al. (1952) and  M a r c u s  an d  M a r c u s  (1963). A ccording to  
b o th  groups of w orkers, th e  lo n g ev ity  o f sperm atozoa  w ith in  th e  cervix is p ro 
p o rtio n a l to  th e  degree o f S p in n b a rk e it, an d  in sem in a tio n  is m ost successful 
w here  th e  m ucus show s th e  g re a te s t a b ility  to  form  th re a d s .

T he am o u n t of th e  to ta l  reducing  sugars (expressed  as glucose) in cervical 
m ucus from  th e  re p e a t b re e d e r anim als is l i ttle  d iffe ren t fro m  th e  norm al va lue , 
w hile in th e  w a te ry  sec re tio n s i t  is less th a n  h a lf  th is  v a lu e . The am o u n t of 
f ru c to se  in th e  m ucus from  th e  re p e a t b reed ers  is likew ise n e a r ly  the  sam e as in  
th e  norm al an im als, b u t  o n ly  traces  w ere found  in m ost sam ples of w a te ry

different types of oestrous mucus

Total sugars Chlorides (as NaCl) Calcium Magnesium
1

Phosphorus (inorganic)

mg/100 ml

21 + 1 7 .6  
(1 1 -3 5 )

7 5 9 .9 +  24.6 
(855.5— 919.4)

X
1 9 .9 +  7.9 

(10.8— 37.5)

X
4.5 + 4 .9  

(2.5— 6.7)
0.64 +  0.11 

(traces — 0.96)

X
11 ± 2 5 .7  

(traces — 23)

X
9 9 6 .5 +  28.5 

(842.6— 1425.6)
1 2 .5 +  8.4 
(5.9— 18.4)

X
9 .9 +  4.6 

(4.7— 11.3)
0.25 +  0.20 

(traces — 0.4)

27 .2+ 38 .0
( 9 - 5 7 )

8 6 9 .2 +  105 
(730.6— 1220.0)

1 0 .1 +  5.5 
(2.0— 19.7)

2 .7 +  2.4 
(0.4— 10.3)

<  0.50

+  Standard deviation.
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m u cu s. The im p o rtan ce  of th e  su g ar c o n te n t o f th e  cerv ica l m ucus in c o n tr i
b u tin g  to  th e  su rv iv a l an d  n u tr i t io n  of sperm ato zo a  du ring  th e ir  passage along 
th e  fem ale  genita l t r a c t  has been d iscussed  elsewhere ( E l - N a g g a r  and  B a k s a i , 

1971). G a s s n e r  e t  al. (1952) show ed th a t  adding  fru c to se  to  fructose-poor 
e ja c u la te s  m ay p ro longe th e  lo n g ev ity  o f sem en. M a c L e o d  (1941, 1947) e s ta b 
lish e d  th a t  sp erm ato zo a  req u ire  ce rta in  ca rb o h y d ra tes  — inclu d in g  glucose, 
m an n o se , m altose, fru c to se  an d  g lycogen — to  provide en e rg y  fo r m o tility . In  
th e  absence of th ese  su g ars  sperm  m o tility  decreases b u t  can  be resto red  by  
a d d itio n  of these su g ars  to  th e  so lu tions.

As found in a p rev io u s in v e s tig a tio n  ( E l - N a g g a r  e t a l., 1971), th e  chloride 
c o n te n t  of th e  cerv ica l m ucus from  re p e a t breeder an im als  lies w ith in  th e  
lim its  for th e  n o rm al cows a t  o estrous tim e , while the  v a lu e s  dete rm in ed  for 
sam p les  of w a te ry  m ucus are s ig n if ican tly  (p  <7 0.05) h ig h e r th a n  those  of 
n o rm a l oestrous m ucus. O th er in v es tig a tio n s  on ca ttle  ( G u p t a  e t al., 1962, 
V e s e r , 1969) have p ro d u ced  sim ilar re su lts . F o r the hum an  cerv ica l m ucus also, 
H e r z b e r g  et al. (1964) found  th a t  th e re  is a d istinc t d ifference  in th e  sodim  
c h lo rid e  co n ten t of th e  dried  m a te r ia l be tw een  norm al an d  p a th o lo g ica l cases. 
I t  is suggested  th a t  th e  h igh  ch lo rid  c o n te n t of w atery  m u cu s m ay  acco u n t for 
th e  decreased  con sis ten cy  an d  th e  absence  o f S p in n b ark e it a n d  i t  u n d o u b ted ly  
h a s  a d irec t effect on th e  v ia b ility  o f th e  sperm atozoa in  th e  fem ale gen ita l 
t r a c t .

G rea te r th a n  n o rm a l co n cen tra tio n s  o f calcium , m agnesium  and  p h o sp h a te  
ions w ere p resen t b o th  in  th e  cerv ica l secre tions of the r e p e a t b reed e r cows an d  
esp ec ia lly  in th e  w a te ry  m ucus sam ples, in  w hich th e  h ig h  c o n cen tra tio n  of 
m ag n esiu m  ions is conspicuous. In c re a se d  am o u n ts  of in o rg an ic  ions com pared  
to  th e  physiological no rm s th e re fo re  accom pany  a decrease in  th e  am o u n t of 
m o nosaccharides .

I t  should be n o te d  th a t  th e re  are  increases in b o th  ac id ic  (phospha te  and  
ch lo ride) and a lkaline  (calcium  an d  m agnesium ) ions in  w a te ry  m ucus, b u t  
th e s e  do n o t ta k e  p lace  to  th e  sam e e x te n t:  while th e  a m o u n t of th e  acidic 
su b s ta n c e s  increases b y  14% , we fo u n d  th a t  alkaline su b s ta n c e s  increase b y  
7 5 % . This p resu m ab ly  exp la in s th e  a lk a lin ity  of such m u cu s com pared  to  th e  
s lig h tly  acidic physio log ica lly  n o rm a l m ucus.

In  sum m ariz ing , we m ay  say  th a t  th e  biological b a la n c e  o f organic and  
in o rg an ic  substances is d is tu rb e d  in b o th  groups of p a th o lo g ic a l m ucus, co n 
se q u e n tly  physica l an d  chem ical p ro p e rtie s  are changed. T h e  cyclic v a ria tio n  
in  th e  secretion of m inera ls  and  o rgan ic  m a te ria ls  under h o rm o n a l con tro l will 
be  discussed in d e ta il in  a n o th e r p ap er.

SU M M A R Y

The pH , to ta l  reducing  sugars,  fructose,  chloride, calcium, m ag n e s iu m  and  inorganic  
p h o sp h a te  contents  of 51 cervico-vaginal m u cu s  samples obtained f ro m  re p ea t  b reeder cows 
a n d  52 samples f rom  cows t h a t  gave a w a te ry  ty p e  of mucus a t  oes t rus  were com pared  w i th
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values determ ined for 34 samples o f normal oestral mucus. W atery m ucus was found to have  
an alkaline pH  7.3, significantly low am ounts of reducing sugars, fructose and inorganic phos
phate, but a high level of chloride and m agnesium , compared w ith norm al oestral mucus. There 
was little  difference in pH , reducing sugars, fructose, chloride and inorganic phosphate contents  
betw een the secretions of repeat breeders and normal cows, but highly significant differences in 
calcium  and m agnesium  contents.
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ACTA V E T E R IN A R IA

TOM 22— ВЫ П. 1 

РЕЗЮМЕ

ОНТОГЕНЕТИЧЕСКИЕ РАЗЛИЧИЯ В ЭРИТРОГРАММЕ У ЦЫПЛЯТ БЕЛЫЙ 
ЛЕГХОРН И КОРНИШ В ТРОПИЧЕСКИХ УСЛОВИЯХ

ЕВА ДО БШ ИНСКА

В кубинских условиях изучалась эритрограмма у 163 цыплят белый легхорн и 
160 цыплят корниш с 1-дневного по 28-дневный возраст. Содержание гемоглобина, packed 
cell volume и количество эритроцитов у обоих пород колебалось в нижних пределах по
казателей, обнаруженных специалистами в умеренной европейской климатической зоне; 
зато эти показатели у цыплят белый легхорн были сигнификантно низшими, чем у цыплят 
корниш. Не обнаружено сигнификантных отличий у двух групп в показателях общего 
корпускулярного объема, общей концентрации корпускулярного гемоглобина и общего 
корпускулярного гемоглобина.

ИССЛЕДОВАНИЯ ПО ЖАБЕРНОМУ ГЕЛЬМИНТОЗУ У АМУРА 
(CTENOPHARYNGODON IDELLA), ВЫЗВАННОМУ DACTYLOGYRUS LAMELLATUS

ACHMEROW, 1952

IV. Патогистологические исследования 

К. МОЛНАР

Изучалась ГИСТОЛОГИЯ жабр Здоровых и инвазированных D actylogyrus lam ellatus 
экземпляров белого амура (Ctenopharyngodon idella). Автор детально описывает анато
мию и гистологию жаберной пластинки здорового белого амура, ознакомляет с раз
ными типами эпителиальных клеток, образующими жаберный эпителий.

При помощи гистологических методов на жаберной пластинке инвазированных 
D. lameliatus белых амуров можно различить местные и общие изменения.

Местные изменения образуются вокруг фиксации гельминтов и характеризуются 
десквамацией, повреждением эндотелиальных клеток и локальным клеточным перерож
дением.

Общие тканевые повреждения слагаются из регрессивных и прогрессивных явле
ний и носят разный характер, в зависимости от продолжительности и интенсивности инва
зии, дальше, от степени регенерации.

Для быстрого течения инвазии характерно перерождение эпителия пластинок вто
рого порядка. При типичном остром дактилогирозе регенерация компенсируется разраста
нием кубовидных клеток многослойного эпителия, ведет к исчезновению пластинок 
второго порядка и жаберная пластинка превращается в единый отросток, или сра
жается с соседними пластинками. Для хронического дактилогироза характерно повреж
дение респираторного эпителия, атрофия многослойного эпителия, некроз пластинок 
первого и второго порядков. Регенерация наблюдается только локально.



ВЫДЕЛЕНИЕ ФОСФОРА МОЧЕЙ И ЕГО ВЗАИМОСВЯЗЬ СО СНАБЖЕНИЕМ 
ОРГАНИЗМА КАЛЬЦИЕМ У КРУПНОГО РОГАТОГО СКОТА

ДЬ. ТЁЛДЕШИ

При снабжении коров ежедневно 46 г-ами фосфора, соблюдая соотношение 
Са: Р = 1 :4 , животные испражнениями, молоком и мочен выделяют 35, 10 и 0,25 г фосфора 
соответственно (сн. 1). Средняя концентрация фосфора в моче равняется 16 мг%-ам, при 
стандартной девиации ±100% . У 245 животных крайние показатели равнялись 4 и 67 
мг%-ам. В соотношении Са/Р испражнений и содержании фосфора в моче имеется отри
цательная корреляция (г =  —0,71 и ~0,72 соответственно). В сезоне зимнего стойлового 
кормления эту взаимосвязь выражает линейное регрессивное уравнение у =  35,2—3,12 
(сн. 2) при сигнификанции лучше р =  0,1. Между содержанием фосфора в испражнениях и 
моче нет сигнификантной взаимосвязи (г =  0,48).

Из показателя содержания фосфора в моче можно судить о перебоях в кормлении, 
обусловленных неблагоприятным соотношением Са/Р.

ИЗУЧЕНИЕ ЦЕРВИКО-ВАГИНАЛЬНОЙ СЛИЗИ ХОЛОСТЫХ КОРОВ

М. А. ЭЛ-НАГГАР и ЕВА БАКШАИ-ХОРВАТ

Собрано 103 образца цервико-вагинальной слизи во время эструса с одной стороны 
от неоплодотворенных коров, с другой от животных, которые выделяли жидкую слизь. 
Определяли pH, содержание всех редуцирующих углеводов, фруктозы, хлоридов, каль
ция, магния и неорганических фосфатов. По сравнению с нормальной слизью при охоте 
жидкая слизь была более щелочной (pH 7,3), содержание в ней редуцирующих углеводов, 
фруктозы и фосфатов было сигнификантно меньше, зато она содержала больше хлоридов и 
маг ния. Не было заметной разницы в pH, содержании редуцирующих углеводов, фрук
тозы, хлоридов и фосфатов слизи неоплодотворяющихся (повторно приходящих в охоту) 
и оплодотворяющихся коров, но имелась заметная разница между ними в содержании 
кальция и магния.

ОБМЕН КАЛЬЦИЯ И ФОСФОРА ПРИ АТРОФИРУЮЩЕМ РИНИТЕ

I. Изучение роли кальция в возникновении атрофирующего ринита свиней

3. ХОРВАТ и Л. ПАПП

Авторами изучено, можно ли вызвать атрофирующий ринит, если поросята от от
бивки будут получать в течение нескольких месяцев корм бедный кальцием. В первой 
стадии эксперимента изучались поросята от свиноматок, благополучных как клинически, 
так и патологоанатомически по атрофирующему риниту. Эти свиноматки представляли так 
называемую резистентную к атрофирующему риниту линию. Среди 29 поросят группа I 
(16 поросят) получала от отбивки в течение 4 и 5 месяцев с кормом 0,35% металлического 
кальцияи 1,03% элементарного фосфора, группа I I— (8поросят) — 0,22% кальцияи 1,16% 
фосфора, группа III (контрольная, 5 поросят) — 0,96% кальция и 0,98% фосфора. За это 
время все животные подвергались каждый 10-й день тщательному клиническому осмотру, 
раз в месяц определяли их вес, щелочную фосфатазу сыворотки, содержание Са и неорга
нического Р в сыворотке. К концу 4-го месяца половину поросят из каждой группы убили. 
Определено содержание Са и Р бедренной кости каждого поросенка и проверена носовая 
полость. На выжившей половине животных наблюдения продолжались еще месяц.

У животных групп 1 и II наблюдались перебои в движении и патологические из
менения, напоминающие рахит; контрольные животные остались бессимптомными. При
знаки атрофирующего ринита не наблюдались ни у одного животного. Существенная 
разница в содержании Са кормов не сказывалась на содержании Са сыворотки. Бедрен
ные кости животных групп I и II накопили меньше Са, чем эти кости контрольных живот
ных. В показателях щелочной фосфатазы сыворотки и привесах существенной разницы не 
зарегистрировано у животных отдельных групп.



Во второй стадии эксперимента 5 поросятам от больных атрофирующим ринитом сви
номаток (группа IV) в течение 5 и 6 месяцев скармливали рацион группы I. Каждый 10-й 
день все животные подвергались клиническому осмотру и к концу эксперимента проверяли 
их носовую полость на наличие изменений. Клинических признаков атрофирующего 
ринита у этой группы тоже не обнаружено. Зато имелись рахитические перебои в движе
нии и изменения костей, подобные таковым у группы I. Только у двух подсвинков этой груп
пы имелись патологоанатомические изменения, вызывающие подозрение на атрофирующий 
ринит.

На основании своих данных авторы приходят к заключению, согласно которому в 
этиологии атрофирующего ринита дефицитное снабжение Са само по себе роли не играет.

ОБМЕН КАЛЬЦИЯ И ФОСФОРА ПРИ АТРОФИРУЮЩЕМ РИНИТЕ СВИНЕЙ

11. Содержание кальция и фосфора костей здоровых и болеющих атрофирующим ринитом
свиней

3. ХОРВАТ, Л . ПАПП и Б. ЕЛИАШ

Изучалось содержание кальция и фосфора в позвонках здоровых и больных атро
фирующим ринитом свиней разного возраста. В отдельных случаях определено содержание 
этих элементов и в лобной кости.

В первой группе в 2-х-, 4-хмесячном возрасте и при убое выоперированы для изу
чения 6-й, 5-й и 4-й хвостовые позвонки соответственно здоровых дочерних потомков 4-х 
чистопородных корнвальских свиноматок, больных атрофирующим ринитом и 4-х помес
ных — Fi ($ корнвал X (J крупная английская мясная) тоже больных свиноматок.

Во второй группе в 7-месячном возрасте при живом весе 103—104 кг анализу под
вержены 6-й хвостовой позвонок 15 помесных, здоровых и 15 больных атрофирующим 
ринитом свиней, дальше, лобные кости 10 здоровых и 9 больных животных.

В третью группу принадлежало потомство — 10 животных со средним живым весом 
105 кг — двух свиноматок, матери и собратья которых были всегда благополучными по дан
ной болезни и сами по настоящее время рождали только здоровых поросят. Этих животных 
авторы считают клинически и «генетически» благополучными по атрофирующему риниту. 
С данными этих животных сравнены данные изучения 6-го хвостового позвонка потом
ства трех свиноматок — всего 24 животных со средним живым весом по 105 кг — родители 
и собратья которых были неблагополучными по атрофирующему риниту и сами рождали 
больное потомство. Этих животных авторы считали по данной болезни клинически боль
ными и «генетически нагруженными».

На основании анализа костей авторы приходят к заключению, согласно которому 
больное скороспелое помесное потомство Fx с прогредирующим возрастом (с 4-хмесячного 
возраста) накопляет в хвостовых позвонках меньше Са, чем здоровые свиньи при одина
ковых условиях кормления и содержания. Это явление с успехом можно употребить в 
диагносцировании болезни. Хвостовые позвонки больных животных, независимо от поро
ды, «набухши», пористой структуры.

ИЗУЧЕНИЕ ПЕЧЕНИ СИРИЙСКОГО ХОМЯКА ОБЫЧНЫМ И ЭЛЕКТРОННЫМ 
МИКРОСКОПАМИ ПРИ ЗАРАЖЕНИИ ВИРУСОМ ЛОШАДИНОГО 

РИНОПНЕВМОНИТА

П. КАПП

При заражении сирийских хомяков уличным штаммом вируса лошадиного рино- 
пневмонита в возрасте 2—3 дней наиболее характерные изменения наблюдались в печени 
48—120 часов после инфекции. Во всех случаях регистрировались изменения единичных 
паренхиматозных клеток и диффузные таковые. Изменения единичных печеночных клеток 
представлялись в перерождении клеток, сопровождающемся образованием внутриядер
ных включений, ацидофильным некрозом и возникновением так называемых светлых кле
ток. В переродившихся клетках имеется увеличение эндоплазматического ретикула и 
формирование его в виде пальцевого отпечатка. Наиболее энергический синтез вируса



наблюдается во время формирования внутриядерного включения. Появление вирусных 
частиц в цитоплазме сопровождается тяжелым поражением эндоплазматического рети- 
кула и митохондриев, образованием цитоплазматических кист, миелино-подобным пере
рождением и лизисом цитоплазматической оболочки вдоль синусоидной стороны печеноч
ных клеток. Часто наблюдался ацидофильный некроз единичных клеток с последующим 
появлением эозинофильных телец в синусоидах, что автор считает прямым действием 
вируса. Вирусные частицы не обнаруживались в светлых клетках. Диффузный некроз па
ренхиматозных клеток, распространяющийся на часть одной или нескольких долек, был 
обусловлен васкулярными перебоями. Независимо от поражений паренхиматозных клеток 
наблюдались и воспалительные процессы в синусоидах и щелях Диссе, междольковые же 
прослойки были инфильтрированы лимфоцитами и гистиоцитами. Общая картина острого 
или полуострого гепатита, вызванного вирусом ринопневмонита, морфологически напоми
нала изменение печени при вирусных гепатитах человека и других животных.

ЭКСПЕРИМЕНТАЛЬНОЕ ИЗУЧЕНИЕ ВИСЦЕРАЛЬНОЙ ЛИЧИНКИ TOXOCARA 
CANIS В ЛАБОРАТОРНЫХ ЖИВОТНЫХ

И. МОССАЛАМ, И. А. АТАЛЛА и 3. ХОСНИ

Мышей, крыс, морских свинок и цыплят экспериментально инвазировали личинками 
T. canis и через 10,20,30 и 40 дней изучались вызванные ими патогистологические изменения 
в печени, легких, почках и головном мозгу. Личинки при наличии клеточной реакции и без 
нее обнаруживались во всех перечисленных органах упомянутых животных. Клеточная 
реакция в печени крыс характеризовалась накоплением фибробластов и эозинофильных 
клеток, в легких же крыс и морских свинок она представляла собой гранулемы из фибро
бластов и эозинофильных клеток. Очаговое накопление лимфоцитов было характерным изме
нением в печени и легких цыплят. В мозгу личинки обычно не вызывают выраженной реак
ции, но тут-там имеются территории с сателлитозом, нейронофагией и пролиферацией глии 
с очагами кроветеков.

ПОЛИМОРФИЗМ /5-ЛАКТОГЛОБУЛИНА В МОЛОКЕ КОРОВ ПЕСТРОГО
ВЕНГЕРСКОГО СКОТА

П. ХОРВАТ

Изучались полиморфизм /3-лактоглобулина, распределение фенотипов и их геновая 
фреквенция. Данные наблюдений сравниваются с таковыми литературы других пород.

Описаны четыре фенотипа |5-лактоглобулина: -АА, -ВВ, -AB и ВС. /3-лактоглобулин 
-AB абнаруживается гораздо чаще, чем. остальные три. Реже всех встречается /5-лакто- 
глобулин-АА. Среди 597 изученных проб молока фенотип ВС обнаружен только в одной. 
Автор констатирует, что вариант С /5-лактоглобулина в пестром венгерском скоту име
ется, но количество изученных проб молока было недостаточным для выявления отдельных 
комбинаций этого варианта.

ДАННЫЕ К КИНЕТИКЕ СПОРОЗОИТОВ EIMAERIA STIEDAI 
(PROTOZOA, SPOROZOA)

У. ДЮРР, Б. МИЛТАЛЕР и Г. Г. ХОЙНЕРТ

Проведено кинематографическое изучение спорозоитов Е. stiedai, освобожденных 
из цист in vitro. Зарегистрированы разные виды движения спорозоитов, как то, поступа
тельное движение вперед и назад, вращательное движение около продольной оси, в ком
бинации с поступательным движением и без него, изгибание, ощупывание, вращение во
круг одного пункта. Максимальная скорость поступательного движения равнялась 86 
[л/сек. При непосредственном наблюдении беспрерывным кажущееся поступательное дви
жение состояло из перерывов, которые можно выявить только путем фильмоскопии. Не 
обнаружено типичной последовательности в чередовании отдельных типов движения.



К ЦИКЛУ РАЗВИТИЯ EIMERIA STIEDAI

У. ДЮРР

В своем кратком сообщении автор извещает о нахождении спорозоитов в брыжееч
ных лимфоузлах и костном мозгу бедренной и большой берцовой костей. В лимфоузлах 
спорозоиты обнаруживались либо свободными клетками, либо включенными в макрофагах; 
в костном мозгу они были все включенными в макрофагах. Дискутируется путь миграции 
спорозоитов в печень. На основании предварительных данных можно судить, что спорозои
ты попадают в печень не прямо через воротную вену, а сначала попадают в лимфатические 
сосуды (брыжеечные лимфоузлы) и оттуда потом разносятся кровеносной системой по 
всему организму. Какова роль в этом макрофагов и механизм поселения мерозоитов в 
желчных ходах, пока не известны.

ЭКСПЕРИМЕНТАЛЬНОЕ СКЛЕИВАНИЕ ЖЕЛЧНОГО ПРОВОДА

К. ШОМОДЬВАРИ, Ф. СЕНТГАЛИ и Я. КОЛБ

На собаках проводили склеивание желчного хода (d. cho ledochus) после его попе
речного разреза. На основании своих наблюдений авторы приходят к заключению, со
гласно которому тканевая наклейка при операциях на желчном ходе может во многих 
случаях заменить или дополнить традиционный шов.

Надежность и тканевая совместимость наклейки доказаны экспериментально на 
гистологических срезах.

ЭКСПЕРИМЕНТЫ ПО ОБЕЗВРЕЖИВАНИЮ ООЦИСТ КОКЦИДИЙ

А. О. АЙЕНИ, Е. ДИНГЛЕЛДАЙН и У. ДЮРР

На основании собственных экспериментов авторами дискутируются практические и 
стандартные методы изучения дезинфицирующей эффективности разных препаратов про
тив ооцист кокцидий. Применялись два способа в испробовании препаратов на неспору- 
ЛИрованных ооцистах Eimeria stiedai:

I. так наз. способ взвеси, модифицированный по Булден и Ерп (1969),
II. способ фиксации ооцист при использовании

а) бумажных лент,
б) керамических плит, применяемых для мощения полов скотных дворов,
в) способ предметных стекол.

Кроме ряда коммерческих дезинфицирующих средств изучены гидроокись аммония 
и формалин.

Результаты экспериментов показывают, что один способ взвеси недостаточен для 
изучения эффекта дезосредств на экзогенные стадии паразитов. Изучение необходимо до
полнить другими, более практическими исследованиями, напр. способом фиксации ооцист 
согласно рекомендации продуцента по практическому использованию дезинфицирующего 
средства. Есть необходимость в дальнейшей разработке стандартных методов испробо
вания дезосредств, учитывая и физические особенности препаратов
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A troph ic  rh in itis  o f swine ( fa r th e r  on re fe rred  to  as a .r.) has been know n  
for ab o u t one an d  a h a lf  cen turies ( F r a n q u e , 1830, c it. H á m o r i  and  S t i p k o - 

v i t s , 1968), b u t  it did n o t cause severe v e te r in a ry  m ed ical problem s u n til  th e  
recen t tw o decades. I t  has since sp read  ra p id ly  am ong h igh ly  p ro d u c tiv e , f a s t  
grow ing swine b reeds all over th e  w orld  u n ti l  i t  now  rep resen ts  one of th e  m a in  
sources o f econom ic loss for the  p ig  b reed ers . T he poor feed u tiliza tio n  a n d  
re ta rd ed  g ro w th  o f d iseased an im als, th e  fre q u e n t association  o f enzo o tic  
pneum onia  w ith  a .r ., m o rta lities  and  em ergency  s lau g h te rs , costs of th e ra p y  
and  con tro l, an d  low  rep ro d u c tio n  ra te s  now  th re a te n  th e  p ro f ita b ility  o f 
in tensive  sw ine fa rm ing .

The sym ptom s of a.r. are well known, b u t opinions are still d ivergent about its aetio logy. 
There are still experts who attribute the causation to  som e infectious agent (virus, bacterium , 
protozoon) (D u m e , 1961; H a r tw ig h , 1965; K e m é n y , L it t l e d ik e  and Cs e v il l e , 1970; S w it 
zer  and L’E c u y e r , 1960; V u jo s e v ic , D u rich o v ic  and P et r o v ic , 1966), while others im plicate  
genetic factors (K o ch , J öchle  and K olb, 1958), poor hygienic conditions (B ushm akov ,1966; 
J a n o w sk i, R u l sk a , Zu l in s k i and Su lc , 1966), v itam in  depletion or feeding errors (B e n - 
d ix e n , 1957; B r o w n , K rook  and P o nd , 1966). N ow adays, how ever, a.r. is increasingly con 
sidered to be a polyaetiologic disease (G w a t k in , 1959).

B ro w n , K ro o k  and P ond  (1966) have advanced the surprising hypothesis that d istu r
bance of calcium  and phosphorus transport due to low  calcium  supply is the sole causative  
factor of a.r. They reported that dietary levels o f  1.2%  Ca and 1.0%  P  can prevent the e sta b lish 
m ent of the generalized fibrous ostitis which form s the m orphological basis of a.r. (B r o w n , 
K rook  and P o u n d , 1966) although they recognized that the control of secondary dam ages is 
im portant.

Im port o f highly-productive swine breeds from  Denm ark, Sweden and elsewhere has  
resulted in an endem ic occurrence of a.r. in  H ungary which has already caused im portant 
economic losses (H á m o r i, 1968; Á id á s y  and V á n y i, 1962; H á m o ri and St ip k o v it s , 1968).

This p a p e r is a re p o rt of ex perim en ts ca rried  o u t w ith  th e  aim  of o b ta in 
ing m ore in fo rm atio n  on th e  suggested  aetio log ica l role of low d ie ta ry  ca lc ium  
and  phosphorus levels.

Experimental

In  th e  f irs t  series of experim en ts, p ig le ts  from  sows e ith e r free of, or 
genetically  r e s is ta n t to , a .r. were fed a low -calcium  d ie t w ith  a re la tiv e ly  h ig h  
phosphorus c o n te n t, w hile in th e  second series, p ig le ts  from  sows affected  w ith
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a .г. w ere g iven a low -calcium  diet. A p p ro p ria te  con tro l g roups w ere se t up  
w ith  each  series.

Materials and m ethods

L itte rs  from  th re e  sows were used  in  th e  f irs t series. Two o f th e  sows w ere 
H u n g a ria n  W hites  o f unknow n  genetic  o rig in  from  a herd  free o f a .r. an d  h a d  
b een  m a te d  w ith  a H u n g a rian  W hite  h o a r , also o rig inating  from  a “ c lean ”  
h e rd . T h ey  w ere c lin ica lly  hea lth y , as w as con firm ed  b y  p o st m o rtem  e x a m in a 
tio n  a t  th e  close o f th e  experim en t. T h e  th ird  sow, d escen d an t o f an  E n g lish  
L arge  W h ite  b o a r an d  a H ungarian  W h ite  sow , o rig inated  from  an a .r. in fec ted  
h e rd  h u t  w as ju d g e d  to  be genetically  r e s is ta n t ,  because n e ith e r  of its  m a te rn a l 
an cesto rs  h ad  becom e in fec ted  w ith  a .r . a n d  its  p rogeny  also rem ain ed  free of 
th e  in fec tion , a lth o u g h  th e y  were k e p t w ith  th e  re st of th e  h e rd  th ro u g h o u t. 
T h e  incidence o f a .r. in  th e  herd  v a ried  b e tw een  52.4 and  8 8 .1 %  on th e  basis 
o f clin ical an d  p a th o lo g ica l inspection .

T he e x p e rim e n ta l p ig lets, a to ta l  o f  29 from  the  th ree  sows, w ere g iven  a 
p a re n te ra l  iron  p re p a ra tio n  (Chinofer fo r v e te r in a ry  use) e q u iv a len t to  150 m g 
iro n  w hen 3 day s o ld, to  p rev en t iron  d efic iency  anaem ia. T h ey  w ere w eaned  
a f te r  8 w eeks an d  d iv id ed  in to  th re e  g ro u p s , each given a d iffe ren t d ie t. 
P ig le ts  o f g roup  I (16 anim als) rece ived  a d ie t sim ilar to  th a t  fed  b y  B r o w n  

e t  al., consisting  o f 7 4 .8%  m aize m eal, 2 4 %  soybean m eal, 0 .9 %  d icalcium  
p h o sp h a te  an d  0 .3 %  p o tassium  d ih y d ro g en  ph o sp h a te . T he Ca an d  P  levels o f 
th is  d ie t w ere d e te rm in e d  as 0 .25%  a n d  1 .03% , respective ly .

P ig le ts  o f g roup  I I  (8 anim als) w ere  g iven a m ix tu re  o f 30%  pig  rea rin g  
feed  an d  70 %  b ra n , w ith  Ca and P  c o n te n ts  o f 0.22 an d  1 .17% , resp ec tiv e ly .

P ig le ts  o f g roup  I I I  (5 anim als) se rv ed  as contro ls an d  received  a com 
m erc ia l p ig  rea rin g  feed  w ith  Ca and  P  c o n te n ts  of 0.96 and  0 .9 8 % , resp ec tiv e ly .

E x p e rim e n ta l feed ing  was c o n tin u e d  fo r 4 to  5 m on ths. T he an im als w ere 
k e p t  in a d ry , m o d e ra te ly  w arm , closed p ig  house w ith  an  a sp h a lt floor. T h ey  
w ere fed  tw ice d a ily  a n d  fresh  d rin k in g  w a te r  was availab le  ad  lib itu m . T h ey  
w ere ex am in ed  c lin ica lly  every  10 d ay s  th ro u g h o u t th e  w hole period  o f th e  
ex p e rim en t. O nce ev e ry  m onth  a f te r  w ean ing  th ey  were w eighed an d  blood  
sam ples w ere ta k e n  fo r d e te rm in a tio n  o f  p lasm a  alkaline p h o sp h a ta se  a c t iv i ty  
an d  serum  Ca a n d  inorgan ic  p h o sp h o ru s  levels. H a lf  o f th e  an im als in  each  
g roup  w ere k illed  a f te r  four m onths a n d  th e ir  heads w ere sen t to  th e  P a th o lo g y  
D e p a r tm e n t o f th e  C en tra l V e te rin a ry  I n s t i tu te  (B udapest) fo r ev a lu a tio n  fo r 
a .r . T he r ig h t fem o ra l bone of each  c a rca se  was d issected  o u t, d e -fa tte d  b y  
e x tra c tio n  w ith  e th e r  and  ethanol an d  ex am in ed  for d ry  m a te ria l, ph o sp h o ru s 
an d  calcium  c o n te n ts . A lkaline p h o sp h a ta se  was dete rm in ed  b y  B o eh rin g er’s 
F a rb -T e s t, Ca b y  th e  p e rm an g an a te  m e th o d  and  phosphorus b y  th e  m olyb- 
d e n a te  m e th o d . R esu lts  of la b o ra to ry  te s ts  an d  th e  w eight d a ta  of th e  an im als
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are  show n in T able I . T he rem ain in g  an im als w ere k e p t on th e  re spec tive  
e x p e rim e n ta l d iets for one ad d itio n a l m o n th . A t th e  end  o f th e  ex p e rim en t th e  
th ree  sows w ere also killed and  th e ir  n a sa l cavities ex am in ed  fo r a.r.

Table I

Effects of d ie ta ry  Ca depletion. Comparison of se rum  and bone Ca and P  levels and  body  weights 
of  pigs m ain ta ined  on a low-calcium die t  w i th  da ta  for norm ally  supplied controls

F

I

ro. of expérimenta 
animals in groups

II III (control)

Serum Ca level 
(mg% )

At weaning 
At 3 months of age 
At 4 months of age 
At 5 months of age 
At 6 months of age 
At 7 months of age

10.5 + 0 .7
9.6 + 0 .5  

10.2 + 0 .9
9.7 + 0 .6
9.7 + 0 .9  
9.1 + 0 .2

10.0 + 0 .2
9.5 + 0 .3  

10.2 + 0 .9
8.2 + 0 .4  

10.6 + 0 .7
8.5 + 0 .2

10.6 + 0 .9  
10.0 + 0 .3  
10.2 + 0 .3  

8.9 + 0 .2  
9.7 + 0 .6

Serum P level A t weaning 9.1 + 2 .1 9.1 + 2 .1 8.4 + 1 .1
(mg%) At 3 months of age 7.5 + 1 .8 7.9 + 0 .9 8.3 +

At 4 months of age 10.3 + 2 .3 7.7 + 1 .8 5.6 + 2 .3
At 5 months of age 10.4 + 1 .1 7.2 + 0 .6 6.1 + 1 .1
At 6 months of age 9.1 + 0 .9 8.2 + 0 .9 6.1 + 1 .2
At 7 months of age 9.0 + 0 .4 8.1 ± —

Ca and P levels Ca-content (mg/g) at 6— 7
of de-fatted months of age 379 + 1 7 361 + 1 7 410 + 3 0
bone (ash) P-content (mg/g) at 6—7 m onths

of age 151.1 + 3 149.9 + 3 .2 148.4 + 3
Ca/P ratio 2.50 +  0.12 2 .4 0 + 0 .1 4 2.76 +  0.23

Body weight A t birth 1.58 +  0.1 1.37 +  0.2 1.41 +  0.2
(kg) At 3 months of age 10.70 +  1.5 9.80 +  1.6 11.10 +  1.0

A t 4 months of age 18.60 +  3.5 16.10 +  2.2 21.00 +  2.5
At 5 months of age 30.60 +  4.1 22.1 + 3 .1 28.00 +  5.1
At 6 months of age 38.80 +  3.6 25.5 + 3 .2 34.70 +  4.2
At 7 months of age 50.20 +  5.1 34.7 + 5 .2 43.10 +  6.0

T he second  experim en t was p e rfo rm ed  on 5 pig lets (group  IV ) o rig in a tin g  
from  tw o sow s affected  w ith  a .r. T he an im a ls  received th e  sam e d ie t as g roup  I 
in  th e  f irs t  series. T he tw o dam s h a d  c lin ica lly  m an ifest a .r. w hile  m o s t of 
th e ir  p ro g en y  from  prev ious litte rs  h a d  been  affected  clin ica lly  a n d  all h ad  
d isp layed  ty p ic a l lesions of a.r. w hen ex am in ed  post m o rtem . T h e  fiv e  pig lets 
used  in th is  g roup  w ere there fo re  re g a rd e d  as genetically  p red isp o sed  to  a .r. 
T h ey  w ere exam ined  for sy m ptom s e v e ry  o th e r week d u rin g  th e  ex p erim en t. 
One p ig le t w as killed w hen 5 m o n ths o ld , th e  rem ain ing  five  w ere k illed  w hen 6 
m on th s old. T h e  heads of th e  carcases w ere  sen t to  th e  P a th o lo g y  D e p a rtm e n t 
an d  fem oral bones were exam ined  for Ca a n d  P  co n ten ts as described  before.
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Results

Piglets of all fo u r  groups h ad  a good a p p e tite  th ro u g h o u t th e  ex p erim en t, 
consum ing  all th e  fe e d  th a t  was offered. A nim als o f g roup  I I  developed d ia r 
rh o e a  of vary ing  se v e r ity , lastin g  fo r a few days, one m o n th  a fte r  w eaning an d  
on severa l la te r  occasions, b u t  th is  a p p a re n tly  d id  n o t  a ffec t th e ir  general 
cond ition .

P iglets o f g ro u p s  I , I I  an d  IV  began to  show  m oto ric  disorders from  
З 34 m onths of age (a t  th e  ea rliest); th e  b e s t deve loped  in d iv idua ls becam e 
a ffec ted  first, th e n  g rad u a lly  th e  re s t  as well. T h ey  p re fe rab ly  lay  on the flo o r, 
rose  w ith  d ifficu lty  an d  developed a tr ip p in g  g a it. B one ends in the fe tlocks 
becam e  swollen.

T he an im als d id  n o t fu lly  e x te n d  th e ir  forelegs even  in  th e  s ta n d in g  
p o sitio n  (Fig. 1), som e indeed w ere u n ab le  to  rise on th e ir  forelegs and in s tead  
assum ed  a “ k n ee lin g ”  position  (F ig . 2). A s ligh t loss o f a p p e tite  was no ticed  
w ith  th e  progression  of th e  m o v em en t d is tu rb a n c e , b u t  no o th e r clin ically  
d e te c ta b le  changes w ere observed.

T he resu lts  o f  la b o ra to ry  te s ts  are show n in T ab le  I . V aria tion  o f th e  
d ie ta ry  Ca level a p p a re n tly  had  no no ticeab le  in flu en ce  on th e  serum  Ca c o n 
te n t ,  except th a t  s lig h t falls were reco rded  for p ig le ts  o f g roup  I I  a t 5 a n d  7 
m o n th s  of age. T h e  h ig h  d ie ta ry  P  level (group  I) , h o w ever, re su lted  in a c o n 
s id erab le  e leva tion  o f  inorganic  P  in  th e  serum  a t  4 —5 m o n th s  o f age an d  th e re 
a f te r  th e  serum  P  leve l persisted  th ro u g h o u t a t  a h ig h  level com pared  to  th a t  o f 
con tro ls . F em ora l Ca co n ten ts  fell on ly  in g roups I  an d  I I  b u t  P  levels d id  n o t  
change, th e  fem o ra l bone Ca/P ra tio  show ed a s im ila r ten d en cy . T hus th e  in 
creased  d ie ta ry  P  su p p ly  resu lted  in  only  a te m p o ra ry  rise  o f serum  ino rgan ic  
P  level, b u t i t  d id  n o t  affect th e  P  co n te n t of bones.

Serum  a lk a lin e  p h o sp h a tase  levels and  b o d y  w eigh ts d id  n o t vary  n o ta b ly  
be tw een  groups.

Pigs fed th e  C a-deficien t d ie ts  (groups I ,  I I  an d  IV ) show ed sy m p to m s 
o f rickets, w hereas th e  no rm ally  fed con tro l p igs (g roup  I I I )  showed no a b 
n o rm a lity . No c lin ica l sym ptom s in d ica tiv e  o f a .r. w ere en co u n tered  and  p o s t 
m o rtem  e x am in a tio n s  for a.r. also h ad  n eg a tiv e  re su lts . T his is im p o r ta n t, 
because  for pigs o f  g roups I  and  IV  th e  d ie ta ry  C a-levels w ere k e p t as low  as in 
th e  experim en ts o f  B r o w n  e t al. (1966). T he la t te r  au th o rs  rep o rted  th a t  w ith  
a low -calcium  d ie t  o n ly  th e y  h ad  been able to  p ro d u ce  clin ical sym ptom s o f a .r . 
a n d  gross lesions co rrespond ing  to  a severe f ib ro u s o steo d y stro p h y . In  our h a n d s , 
o n ly  tw o pigs o f  th e  genetica lly  p red isposed  l i t te r  (g roup  IV) showed lesions 
ju d g e d  as “ p ro b a b ly  suspect of a .r .” . One o f th e  tw o su spec t anim als, k illed  
w hen  5 m on ths o ld , h ad  fem oral bone ash  Ca an d  P  c o n ten ts  of 218 a n d  94 
m g/g , re sp ec tiv e ly , giv ing a C a/P  ra tio  o f —2.31; th e  corresponding  m ean  
v a lu es  for th e  re m a in in g  4 pigs, k illed  w hen 6 m o n th s  o ld, w ere 333 m g/g Ca, 
127 m g/g P  an d  —2.36 Ca/P.
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Fig. 1. W hen the pig is in the standing position its forelegs are slightly  bent and its hindlegs
drawn under the abdomen

Fig. 2. The pig cannot rise on its forelegs but instead assum es a “ kneeling” position
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Discussion

I t  follows from  o u r  ex p erim en ta l o b se rv a tio n s th a t ,  c o n tra ry  to  th e  
su g g estio n  of B r o w n  e t  al. (1966), d isorders re su ltin g  from  a fa u lty  su p p ly  
o f  Ca and  P  can n o t be re g a rd e d  as the  m ain  aetio log ical fa c to r  of sw ine a .r., 
on th e  o ther han d , re p ro d u c tio n  of B r o w n  e t a l .’s ex p erim en ts  w ith  a low- 
ca lc iu m  diet p roduced  th e  sam e rach itic  affection  of th e  ex trem itie s  as rep o rted  
b y  th e se  au thors. J a n o w s k y  (1970) has also d o u b ted  th e  cau sa tiv e  role of 
C a /P  im balance on th e  g rou n d s th a t  a low -calcium  d ie t w as in itse lf in su f
f ic ie n t to  elicit an y  sign o f a .r. in a large g roup  o f pigs. I t  seem s certa in  th e re 
fo re , th a t  the role of d ie ta ry  Ca depletion  is a t  m ost secondary . One o f th e  
sow s used in the  p re se n t s tu d y  o rig inated  from  a herd  w ith  a 52.4 — 83 .0%  
in c id en ce  of a.r. Y e t n e ith e r  th e  sow itself, n o r its  p redecessors and  progeny  
h ad  show n the d isease an d  none of th e  l i t te r  fa rrow ed  b y  in th e  an im al clinic 
d ev e lo p ed  a.r. a f te r  a long  period of gross d ie ta ry  Ca an d  P  im balance . I t  
seem s likely, th ere fo re , t h a t  fac to rs  o ther th a n  a d is tu rb a n c e  of Ca and  P  m e ta b 
o lism  m ight have a ffec ted  th e  exp erim en ta l an im als used b y  B r o w n  e t al. 
I t  is v e ry  in te resting  in  th is  co n ten t to  no te  M a r e k ’s (1930) earlie r observation  
t h a t  one and the  sam e d ie ta ry  form ula elicited  rick e ts  in one sw ine breed  an d  
a f ib ro u s  o steo d y stro p h y  in an o th er.

T he exp erim en ta l re su lts  o b ta in ed  in g roup  IV  suggest th e  im p o rtan ce  of 
m an ag em en t and  h y g ien ic  cond itions in th e  dev e lo p m en t o f a .r. p ig lets th a t  
co u ld  be regarded  as g en e tica lly  pred isposed  d id  n o t develop  an y  sign of a .r. 
a f te r  being fed a low -calc ium  d ie t for a p ro longed  period. T his a t tr a c ts  a tte n tio n  
to  th e  role of ce rta in  en v iro n m e n ta l (“ in fec tio u s” ) fac to rs.

SUMMARY

Induction of sw ine atrophic rhinitis was attem pted  by placing weaned pigs on a low- 
calcium  diet for a prolonged period. P iglets used in the first experim ental series originated from  
sow s either free of, or genetica lly  resistant to, atrophic rhinitis. Three experim ental groups 
w ere formed and supplied d ietary levels o f 0.35%  Ca and 1.03%  P (group I; 16 anim als), 0.22%  
Ca and 1.16% P (group II; 8 anim als) and 0.96%  Ca, 0.98%  P (group II I  — control — 5 ani
m als), respectively, up to the age of 4 or 5 months.

Pigs of groups I and II  showed motoric disturbances and bone deform ation indicative  
o f rickets, whereas the control anim als of group III rem ained free of sym ptom s throughout. 
T he different dietary Ca supplies caused no notable change in serum Ca levels, but bone Ca 
concentrations fell sligh tly  in pigs of groups I and II compared to controls. Plasm a alkaline 
phosphatase activities and body w eights showed no notable inter-group variation.

In the second experim ent 5 pigs (group IV) from two sows affected with atrophic 
rh in itis were placed on the sam e diet as group I for 5 or 6 m onths. No signs of atrophic rhinitis 
developed , but m ovem ent disturbances and bone deform ities indicative o f rickets did appear. 
G rossly, only two pigs o f group IV showed lesions “ probably suspect o f atrophic rhinitis” , but 
th ese  were not of a degree th a t would affect health.

It was concluded th a t dietary Ca depletion in itse lf plays no fundam ental role in the 
aetio logy  of atrophic rhinitis.
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Atrophic rhinitis (further on referred to as a.r.) is a frequent d isease of highly productive  
rapidly growing swine breeds (H á m o ri and St ip k o v it s , 1968). It has been shown with healthy  
anim als that the bone tissue o f such breeds already develops at a higher rate than in slow- 
growing breeds during suckling (É l iá s , 1970) and it m ay be supposed th a t for this reason alone 
their mineral requirem ents m ust be higher, especially for calcium and phosphorus.

I t  seem ed there fo re  w orth w h ile  to  com pare the  bone Ca and  P  co n ten ts  
o f  h e a lth y  pigs an d  pigs a ffec ted  w ith  a.r. an d  to  a sce rta in  w h e th e r or n o t bone 
Ca an d  P  levels differ b e tw een  breeds.

T ail v e rte b ra e  from  h e a lth y  and  diseased swine w ere an a ly zed  for Ca and  
P  co n ten ts  and C a/P  ra tio  a t  p red e te rm in ed  tim e in te rv a ls , u sin g  th e  sam e donors 
th ro u g h o u t. Specim ens of f ro n ta l  bone w ere ad d itio n a lly  exam ined  in several 
in stan ces .

Materials and methods

Group I.  F em ale  p ro g en y  o f 4 C ornw all and  4 F t (C ornw all X  L arge 
W hite ) sows, w ith  m an ifest a .r .,  b u t  otherw ise in a good c o n d itio n , were used as 
donors. The 6 th , 5 th  arid 4 th  ta i l  v e rteb rae  were rem oved  su rg ica lly  a t  2, 4 and  
6 m o n th s  of age, re sp ec tiv e ly , a n d  th e ir  Ca an d  P  c o n te n ts  p er 1 g bone ash 
an d  p er 1 g d e -fa tted  bone d ried  a t  105 °C, an d  from  th e  fo rm e r figures th e  C a/P  
ra tio  were determ ined . T he b o d y  w eights of th e  an im als w ere m easured  a t  each 
o p era tio n .

The 6 th  ta il  v e r te b ra  is a lread y  p alpab le  a t  2 m o n th s  o f  age and  th e  5 th  
a n d  4 th  v e rteb rae  develop in  succession.

Group I I .  T h ir ty  fem ale h y b rid s , 7 m o n ths o ld, w eighing  on average 
103 — 104 kg (range: 101 —109 kg), were used ; 15 o f th e se  w ere free of a .r. 
w hile th e  o th e r 15 h a d  a .r. b u t  w ere in good genera l co n d itio n . The 6 th  ta il 
v e r te b ra  of each an im al an d  fro n ta l bone specim ens from  10 h ea lth y  an d  9 
d iseased  swine w ere rem oved  a n d  assayed  fo r Ca and  P  c o n ten ts .

Group I I I .  A com parison  w as m ade o f Ca and  P  c o n te n ts  o f the  6 th  ta il  
v e r te b ra  of 10 an d  24 sw ine, w eighing  on average 105 kg  an d  reg a rd ed  as g en e ti
ca lly  re s is ta n t an d  p red isposed , respective ly . T he 10 “ re s is ta n t”  sw ine o rig inated
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from  tw o sows w hich h ad  no fam ily  h is to ry  of a .r. e ith e r in  th e  an cestra l or 
d e sc e n d a n t lines, w hereas th e  24 “ p red isp o sed ”  an im als w ere farrow ed by  
th re e  sows w ith  a h is to ry  o f h igh  a.r. incidence am ong b o th  predecessors and  
p ro g en y .

T h e  conditions o f m an a g e m e n t an d  feed ing  were k e p t  id en tica l th ro u g h 
o u t fo r b o th  exp erim en ta l an d  co n tro l sw ine. All received a su ita b le  com m ercial 
d ie t fo r th e ir  age in w hich  th e  C a/P  ra tio  w as k ep t a t  1 : 1 a n d  th e  q u a n tity  
of CaO an d  P 20 5 am o u n te d  to  12.5 g /kg feed. The hyg ien ic  cond itions o f th e  
fa rm  w ere checked b y  w orkers o f th e  D e p a rtm e n t of A n im al H ygiene of th e  
U n iv e rs ity  of V e te rin a ry  Science, B u d ap est. T he m icroc lim ate  w as favourab le  
th ro u g h o u t:  average te m p e ra tu re  was 14.5 °C (range: 12° — 27 °C) and re la tiv e  
a ir  m o is tu re  co n ten t v a rie d  be tw een  65 an d  75% . O ther m icroc lim atic  fac to rs, 
su ch  as th e  co n cen tra tio n s o f am m onia , ca rb o n  d ioxide, d u s t  and  m icrobes, 
re m a in e d  betw een n o rm al lim its .

A t th e  end of th e  ex p e rim e n t th e  an im als were s la u g h te re d  and  during  
m e a t inspection  nasa l c a v ity  exam ined  for gross lesions. All an im als ju d g ed  as 
d iseased  during  th e  e x p e rim e n t w ere found  to  have a tro p h ic  n asa l conchae 
a f te r  s lau g h te r, w hereas th o se  w hich h ad  rem ain ed  h e a lth y  show ed no gross 
n a sa l lesions.

B one Ca co n ten ts  w ere d e te rm in ed  b y  th e  p e rm a n g a n a te , P  co n ten ts  by  
th e  m o ly b d en a te  m ethod .

Results

Ca and  P  co n ten ts  o f th e  6 th  and  4 th  ta il  v e rte b ra e  o f sw ine of g roup  I 
a t  2, 4 an d  6 m onths of age, resp ec tiv e ly , are  shown in T ab le  I.

R esu lts  of sim ilar m easu rem en ts  on th e  6 th  ta il  v e r te b ra  of 15 h ea lth y  
sw ine an d  15 swine d isp lay in g  a .r. (group I I )  are show n in  T ab le  I I .

D a ta  for 10 “ g en e tica lly  r e s is ta n t”  and  24 “ g en e tica lly  p red isposed” 
sw ine can  be seen in  T ab le  I I I .

Discussion

T he m easu rem en ts of Ca an d  P  c o n te n ts  of ta il v e r te b ra e  o f swine a ffec ted  
w ith  a .r. (Table I) show ed th a t  u n d e r th e  sam e cond itions th e  bone Ca c o n te n t 
o f th e  fast-grow ing  F j c ro ssb re e d s  falls below  th a t  of th e  p u re -b red  an im als  
from  a b o u t 4 m on ths o f age an d  th e  d ifference becom es q u ite  consp icuous a t 
6 m o n th s . The bone P  c o n te n t, re m a rk a b ly , is n o t su b je c t to  a s im ila r change. 
T h e  o bserva tion  th a t  —• irre sp ec tiv e  of b re e d  — sw ine w ith  a .r. in co rp o ra te  
less Ca in to  ta il v e r te b ra e  th a n  s im ila rly  m an ag ed  h e a lth y  ones, seem s to  be of 
a fu n d a m e n ta l im p o rtan ce  (T ables I an d  I I ) .  T h e  d iffe ren ce  betw een  th e  Ca 
c o n te n ts  of v erteb rae  from  h e a lth y  an d  diseased swine w as s ta tis tic a lly  signif-
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Table I

Ca and P contents o f the tail vertebrae of Cornwall and Cornwall X  Large W hite Fj swine
affected w ith atrophic rhinitis

Ca 1 p 1 Ca ------P

Se
ria

l N
o.

Sw
in

e 
ag

e 
(m

on
th

s)

Breed Weight
(kg)

Ca/P
ratio

contents (nig/g) 
of cooked and 
dried (105 °C)

bone

Remarkcontents (mg/g) 
of bone ash

l 2 Cornwall 21 460 190 2.42 207 85.5 6th tail vertebra
2 2 Cornwall 20 480 200 2.40 202 84.0 6th tail vertebra
3 2 Cornwall 20 440 174 2.52 198 78.3 6th tail vertebra
4 2 Cornwall 20 461 182 2.53 — — 6th tail vertebra

Average: 20 460 186 2.46 202 82.6

5 2 F , (Cornwall) 22 420 173 2.42 193 79.6 6th tail vertebra
6 2 X  Large W hite 29 540 170 3.17 211 66.3 6th tail vertebra
7 2 28 465 168 2.76 — 6th tail vertebra
8 2 24 420 170 2.47 244 98.6

•
6th tail vertebra

Average : 26 461 170 2.70 216 81.7

1 4 Cornwall 44 440 175 2.68 224 89.3 5th tail vertebra
2 4 Cornwall 42 460 179 2.57 267 103.8 5th tail vertebra
3 4 Cornwall 50 420 175 2.40 265 110.3 5th tail vertebra
4 4 Cornwall 46 470 170 2.81 268 103.7 5th tail vertebra

Average : 46 457 174 2.61 265 101.7

5 4 Fj (Cornwall) 48 480 160 3.00 230 77.1 5th tail vertebra
6 4 X  Large W hite 50 440 170 2.58 229 88.4 5th tail vertebra
7 4 45 460 176 2.61 253 96.8 5th tail vertebra
8 4 46 400 170 2.35 236 100.3 5th tail vertebra

Average : 47 445 169 2.63 237 90.6

1 6 Cornwall 80 404 160 2.52 274 108.0 4th tail vertebra
2 6 Cornwall 100 432 165 2.61 294 112.0 4th tail vertebra
3 6 Cornwall 95 432 167 2.58 295 114.0 4th tail vertebra
4 6 Cornwall 79 420 160 2.62 279 106.0 4th tail vertebra

Average: 89 422 163 2.58 285 110.0

5 6 F , (Cornwall) 95 396 162 2.44 267 109.0 4th tail vertebra
6 6 X  Large W hite 98 364 156 2.33 244 104.0 4th tail vertebra
7 6 105 384 170 2.25 262 116.0 4th tail vertebra
8 6 98 396 162 2.44 271 111.0 4th tail vertebra

Average: 99 385 162 2.36 261 110.0
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Table II
Ca and P contents o f  the 6th tail vertebra and frontal bone of healthy T-month-old swine and o f those diseased in atrophic rhinitis

Ca P Ca P Ca P

Serial
No.

Swine breed 
and health state

Body
weight

IM

Frontal bone 
weight 

00
contents (mg/g)of bone ash

Ca/P
ratio contents (mg/g) of cooked 

and dried (103 °C) bone contents (mg/g) of frontal 
bone (ash)

Ca/P
ratio

tail vertebrae

l F [  (C o rn w a ll 105 — 520 178 2 .92 317 109 _
2 X  L a rg e  W h i te ) , 102 — 412 185 2 .2 2 218 98 — — ___

3 h e a l t h y 104 — 432 178 2 .42 337 139 — — —

4 106 — 495 178 2 .79 189 82 ___ — —

5 105 — 44 0 182 2 .41 194 80 — — ___

6 101 0 .3 0 394 172 2 .29 168 73 416 172 2.41
7 104 0 .1 5 436 175 2 .49 186 74 448 166 2 .6 9
8 109 0 .2 9 43 6 184 2 .36 167 70 470 175 2 .6 8
9 107 0 .1 7 43 4 196 2.21 197 89 374 175 2 .1 3

10 100 0 .2 0 376 200 1.88 161 85 384 172 2 .23
11 100 0 .1 0 43 8 173 2 .54 194 76 444 175 2 .5 3
12 104 0 .1 5 49 6 200 2 .48 198 80 504 176 2 .8 6
13 109 0 .2 0 436 195 2 .23 145 64 43 8 175 2 .5 0
14 102 0 .3 0 4 44 189 2 .34 197 83 440 175 2 .51
15 101 0 .2 5 4 84 192 2.52 223 88 488 175 2 .7 8

A v e r a g e  : 104 0 .2 0 44 2  
+  37

185
± 9 . 6

2 .40 199
± 4 1 .8

82
± 2 3 .1

440
± 3 5

173
± 3 . 0

2 .53

1 F j  (C o rn w a ll 100 451 187 2.41 194 82 —
2 X  L a r g e  W h i te ) 106 - 407 178 2 .28 114 52 — ___

3 d is e a s e d 105 4 16 178 2 .33 108 46 ___ ___

4 102 — 4 24 178 2 .38 254 107 ___ ___ —
5 104 - 416 178 2 .33 200 85 ___ ___

6 102 0 .2 5 356 160 2 .22 148 66 370 162 2 .2 8
7 106 0 .4 5 372 160 2.32 159 68 366 162 2 .25
8 100 0 .4 0 364 152 2 .39 161 67 368 180 2 .04
9 100 *0 .30 354 155 2 .28 163 71 352 165 2 .1 3

10 101 0 .2 0 394 165 2 .38 185 77 ___ ___

11 106 0 .2 5 328 132 2 .4 8 182 73 326 162 2 .01
12 108 0 .5 0 334 160 2 .08 115 55 368 140 2 .62
13 99 0 .6 0 354 165 2 .1 4 145 66 356 155 2 .2 9
14 102 0 .2 5 320 147 2.17 133 61 328 157 2 .08
15 103 0 .2 5 378 170 2 .22 125 56 372 152 2 .4 4

A v e ra g e  : 103 0.34 377 
+  3 9 .8  
P t > 0 .1

164
± 1 4 .5

2 .2 9 158 
+  3 9 .6  
P t > 0 .1

68
± 1 5 .2

356  
+  14 .7  
P t > 0 . 1

159
± 1 0 . 8

2 .2 3
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ic a n t (P t  >  0.1) in re la tion  to  b o th  bone ash  and  dried  d c -fa tted  bone. Since 
th e  analyses of f ro n ta l  bone specim ens gave th e  sam e resu lts , i t  can be concluded  
th a t  th is  re la tiv e  C a-deficiency ex ists  th ro u g h o u t th e  skele ta l system .

ill healthy

Fig. 1. Tail vertebrae (6th , 7th, 8th, 9th) o f 7-m onth-old healthy swine, and of those diseased
in a tro p h ic  rh in it is

I t  follow s th a t  bone analysis (o f ta i l  v e r te b ra , if  th e  an im al is alive) 
m ig h t be  o f a d iagnostic  value in th e  d e tec tio n  of a .r. S im ple in sp ec tio n  o ften  
rev ea ls  t h a t  th e  ta il  v e rteb rae  of sw ine w ith  a.r. are  en larged  co m p ared  to  
tho se  o f h e a lth y  sw ine of sim ilar age (F ig . 1); th e y  are  “ sw ollen” an d  a p p e a r  
to  h a v e  a spongeous s tru c tu re . In  fa c t, th e  average w eight o f th e  6 th  ta i l  v e r 
te b ra  w as h ig h er (0.34 g) in d iseased th a n  in  h e a lth y  an im als of th e  sam e age 
(0.2 g), b u t  th e  Ca co n ten ts  of th e  fo rm er w ere lower in re la tio n  to  1 g d ried  
bone (T ab le  I I ) .

Ca c o n ten ts  o f low er v e rte b ra e  w ere also m easured  in specim ens from  
“ g en e tica lly  p red isp o sed ” , d iseased an im als  and  com pared  w ith  tho se  from  
“ g en e tica lly  r e s is ta n t” , h ea lth y  ones (T ab le  I I I ) .  These o b se rva tions suggest 
th a t  a .r . shou ld  n o t be regarded  ju s t  as a d isease localized to  th e  nasa l conchae  
an d  m ucosa , b u t  r a th e r  as an ir re g u la r ity  w hich u n d er as y e t u nc lear c irc u m 
stan ces invo lves th e  en tire  skele ta l sy s tem .
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Table III
Ca and P contents o f 6 th  ta il vertebra of swine genetica lly  resistant (healthy) and genetically  

predisposed (diseased) to  atrophic rhinitis
Ca P Ca p

Serial No. Health state contents (mg/g) of bone 
ash

Ca/P
ratio contents (mg/g) of dried 

(105 °C) bone

Ca/P
ratio

l healthy 436 222 1.96 165 84 1.96

2 386 230 1.67 170 101 1.68

3 410 230 1.78 182 102 1.78

4 384 240 1.60 161 101 1.59

5 392 215 1.82 169 92 1.83

6 401 242 1.65 160 80 2.00

7 480 225 2.13 204 95 2.14

8 488 205 2.38 216 91 2.37

9 456 208 2.28 192 87 2.20

10 458 225 2.03 199 97 2.05

Average: 429 223 1.93 182 93 1.96

±39 .6 ±13 .1 ± 1 9 .8 ± 7 .5

1 diseased 384 182 2.10 158 72 2.19

2 381 242 1.57 146 93 1.56

3 388 224 1.70 172 99 1.73

4 384 201 1.92 153 80 1.91

5 381 210 1.81 165 91 1.81

6 379 205 1.84 167 90 1.85

7 375 235 1.59 166 104 1.59

8 379 237 1.59 167 104 1.60

9 401 235 1.70 169 99 1.70

10 375 215 1.74 173 99 1.74

11 384 225 1.70 158 93 1.70

12 388 227 1.70 166 97 1.71

13 379 210 1.80 168 93 1.80

14 375 257 1.45 165 107 1.54

15 370 240 1.54 158 102 1.54

16 366 216 1.70 161 95 1.69

17 370 237 1.56 148 94 1.57

18 355 235 1.59 166 104 1.59

19 396 250 1.58 152 96 1.58

20 392 217 1.80 156 86 1.81

21 388 242 1.60 182 113 1.61

22 379 207 1.83 159 87 1.82

23 379 222 1.70 167 98 1.70

24 392 220 1.78 176 95 1.78

Average: 381 224 1.70 163 95 1.72

± 8 .5 ± 1 4 .4 ± 8 .6 ± 8 .7

Pt> 0 .1
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SUM M ARY

Tail vertebrae of healthy pigs and pigs affected with atrophic rhinitis (a.r.) were ex 
am ined for Ca and P contents at various ages before slaughter, using as donors the same animals 
throughout. In several cases, Ca and P were also determ ined in specim ens of the frontal bone.

Group I.  Fem ale progeny of 4 Cornwall sow s and 4 Fj crosses (Cornwall X  E nglish Large 
W hite) all displaying a.r. but otherwise in good condition. The 6th and 5th ta il vertebrae were 
rem oved surgically at 2 and 4 months of age, respectively, and the 4th vertebra was secured  
at slaughter, when the anim als were 6 m onths old.

Group I I .  Thirty fem ale hybrids, 7 m onths old, weighing on average 103— 104 kg; 15 of 
them  were healthy and the other 15 had a.r. The 6 th  tail vertebra of each anim al and specim ens 
of frontal bone from 10 healthy and 9 diseased anim als were analyzed.

Group I I I .  The 6th tail vertebrae from  10 and 24 swine, weighing on average 105 kg and 
classed as “ genetically  resistant” and “predisposed” to a.r., respectively, were analyzed.

Bone analyses showed that the fast growing Fj crosses affected w ith  a.r. incorporate 
less Ca into tail vertebrae than identically m anaged healthy contem poraries and th at this 
tendency becom es particularly pronounced from  about 4 months of age. E xam inations of 
frontal bone specim ens had a similar result, ind icating that a.r. affects the Ca content o f the 
entire skeleton. Bone P contents, rem arkably, are not influenced by a.r.

T hus, Ca determ ination in tail vertebrae secured from living swine m ight be of a diag
nostic value in the detection of a.r.
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LIGHT AND ELECTRON MICROSCOPIC STUDY 
OF LIVERS FROM SYRIAN GOLDEN HAMSTERS 

INFECTED WITH EQUINE RHINOPNEUMONITIS VIRUS
By

P. K a p p

D epartm ent of Pathological A natom y (H ead: Prof. A. K a r d e v ä n ), U niversity  of 
Veterinary Science, Budapest

(R eceived July 20, 1971)

In equine foetuses aborted following m aternal rhinopneum onitis virus infection, gross 
lesions were found alm ost exclusively  in the liver and m icroscopically proved to consist of 
focal necroses and a diffuse sem i-acute hepatitis (K a pp  et al., 1969). In accordance w ith  other 
opinions (B u r k i et al., 1965; Co rrea  and N il s s o n , 1966), these hepatic lesions were attributed  
to direct action óf the virus, and it was dem onstrated that the disease had certain characteris
tics in com m on w ith viral hepatitis o f other anim al species.

To obtain more inform ation on liver changes provoked by equine rhinopneum onitis 
virus, infection experim ents w ith  Syrian golden ham sters were carried out. It is known that 
the virus grows readily in this species and produces inclusions in the parenchym al cells o f the  
liver (A n d e r so n  and Go o d pa stu r e , 1942; D oll et ah, 1953). Previous infection experim ents 
of this nature have been aimed prim arily at studying viral m orphology, so th a t inform ation  
on the ultrastructure of the hepatic lesions is scanty. A r h e l g e r  et al. (1963) m ade electron  
microscopic exam inations on liver specim ens from  golden ham sters at various tim es after an 
intraperitoneal infection w ith rhinopneum onitis virus at 4 weeks of age. The ham sters died 
between 18 and 24 hours after infection. F ive hours after infection, the distended sinusoids 
contained m any leukocytes and in some parenchym al cells the endoplasm ic reticulum  ag
gregated. Clumping and m argination of the nuclear chrom atin was observed at 5 and 8 hours 
and viral particles appeared w ithin  nuclear inclusions. B etw een 15 and 18 hours, irregularly 
arranged filam ents were seen in the nuclei o f the host cells, the endoplasm ic reticulum  was 
distended or aggregated, the m itochondria becam e swollen, and vacuoles formed in the hyalo
plasm. A t th is tim e three kinds of viral particles could be distinguished w ithin the nuclear 
inclusions. Particles lying in the cytoplasm  were as a rule larger than those in the nucleus. 
According to Ar h e l g e r  et ah, the virions are released through rupture of virus-containing  
cytoplasm ic vacuoles localized near the cytoplasm ic membrane. In young golden ham sters 
treated w ith propionyl promazine hydrochloride or adrenaline at the sam e tim e as th ey  were 
infected by intraperitoneal injection of rhinopneum onitis virus, the liver cells showed distinct 
proliferation of the sm ooth and rough endoplasm ic reticulum  (B o stw ic k  et a l., 1968). Mature 
and im m ature virus particles lay  in évaginations of the nuclear m em brane, betw een its lam ellae 
or in the tubules o f the Golgi apparatus. The liver cells o f infected  controls not treated  w ith  
drug harboured the virus particles either w ithin the tubular cytoplasm ic system , or freely in 
the cytoplasm .

Experimental

M ateria ls and methods

G olden h am ste rs  w ere in fec ted  in tra p e rito n e a lly  a t  2 — 3 days o f age w ith  
th e  n o n -a d a p te d  s tra in  Dp 4’ iso la ted  in p ig  k id n ey  ep ith e lia l cell c u ltu re  from  
an equine fo e tu s  a b o rted  in th e  course o f an  o u tb re a k  o f rh in o p n eu m o n itis  in  a 
horse stock .*  T he s tra in  has been  m a in ta in e d  ever since in  th e  sam e ty p e  of cell

* The strain was isolated and kindly supplied by Dr. A. B a rth a  (D epartm ent o f Micro
biology and E pizootiology, U n iversity  o f Veterinary Science, B udapest).
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c u ltu re . H am sters w ere k illed  seria lly  a t  10, 18, 24, 36, 48, 56, 72, 96 an d  120 
h o u rs  after in fec tio n : th o se  e x te rm in a te d  a t  96 an d  120 h ours w ere a lready  in 
th e  p re -le tha l s tag e . L iv e r specim ens w ere fix ed  in  bu ffe red  osm ium  te tro x id e  
(P a llad e ), d e h y d ra te d  in e th an o l, an d  em bedded  in D u rcu p an . U ltra -th in  
sec tions were c u t w ith  a R e ich e rt u ltram ic ro to m e  an d  e lec tron  m icrog raphs w ere 
p re p a re d  w ith  a T esla  BS ty p e  613 elec tron  m icroscope. S em i-th in  sections 
w ere  sta ined  w ith  to lu id in e  b lue.

Gross lesions

H am sters k illed  1 — 2 day s a fte r  in fec tio n  h ad  co n sid e rab ly  sw ollen, 
s lig h tly  s tu b b o rn  liv e rs , u su a lly  d a rk  b row nish -red  in colour. L ivers of a n i
m als  killed a fte r  3 — 5 day s show ed ad d itio n a lly  g rey ish -w h ite  foci o f th e  size 
o f  a p inprick  or p in h e a d . T he m ucosa of th e  sm all in te s tin e  ex h ib ited  a s ligh t 
red d en in g , sw elling an d  deposition  of tu rb id  m ucus in m ost an im al b u t  in o th e r 
o rg an s there  w ere no  grossly  v isib le  changes.

M icroscopic lesions

Light and  e lec tro n  m icrog raphs revealed  no n o tab le  change in  th e  livers 
o f  ham sters k illed  10 an d  18 h ours a fte r  in fec tion . In  places th e  livers of an im als 
k illed  after 24 a n d  36 h ours show ed a b reak -u p  o f pa ren ch y m a l cell row s; m ost 
sinuso ids were d is te n d e d  an d  th e ir  ep ith e liu m  swollen an d  ex tensive ly  des
q u a m a te d  (Fig. l a ) .  G ranu lo cy tes  w ere ag g reg a ted  in  th e  lu m in a  of several 
d is ten d ed  sinusoids. M any o f th e  Disse gaps w ere d is ten d ed  an d  filled  w ith  a 
p a r t ly  hom ogeneous, p a r t ly  g ra n u la r  su b stan ce  (F ig. lb )  w hile th e  villi of 
th e ir  p aren ch y m al cell com ponen ts w ere sw ollen to  d iffe ren t degrees. L iver 
p a ren ch y m al cells show ed no a p p a re n t change a t  th is  tim e .

The m ost c h a ra c te r is tic  liv e r lesions ap p ea red  from  48 to  120 hours a fte r  
in fection . T heir ty p e  w as essen tia lly  sim ilar to  th a t  o bserved  d u rin g  earlier 
s ta g e  of the  in fec tio n  b u t  th e  dam ag e  was m ore severe due to  th e  longer su rv iv a l 
o f  th e  anim als. In  ev e ry  case, m o st conspicuous dam age w as seen in  th e  p a re n 
ch y m al cells o f th e  liv e r  w here th ree  form s o f lesions could  be d is tingu ished .

Liver cell degeneration accom panied by inclusion  body fo rm a tio n . L ig h t 
m icroscopic sec tions show ed en la rg em en t an d  cy to p lasm ic  v acu o liza tio n  of th e  
liv e r  cells w ith  th e  ap p ea ran ce  o f  C ow dry ty p e  A nu c lear inc lusion  bodies. T he 
n u c lea r  m em brane  w as h y p e rch ro m a tic  (F ig . 2). E lec tro n  m icro g rap h s show ed 
t h a t  th e  nucleus en la rg ed  considerab ly  an d  becam e c learer. T h e  nucleolus w as 
frag m en ted  or hom ogeneous an d  th e  ch ro m atin  su b stan ce  ag g reg a ted  along th e  
n u c lea r m em b ran e , w hich  w as d is ten d ed  in places. A t sites of in tra n u c le a r  
inclusions, m a n y  v ira l p a rtic le s  in  d iffe ren t s tages of d ev e lo p m en t w ere seen 
ly in g  am ong a m ore  or less dense residue o f p a r tly  f in e ly  g ran u la r, p a r t ly
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Fig.  i ,  a, Swollen endothelial cells in the walls o f distended sinusoids; sem i-thin section , 
toluidine blue stain. 6, Markedly distended D isse’s gap containing a partly hom ogeneous, partly

granular substance. X 36,400

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



56 КЛРР

filam en to u s  c h ro m a tin  (F igs 3 and 4a, b , c). A lthough  th e  m arg ins of inclusion 
b o d y -co n ta in in g  liv e r  cells lost defin ition  in  several places, th e  cy top lasm ic  
o rganelles were, as a ru le , well visible. T he m ito ch o n d ria  w ere d is tin c tly  electron- 
dense and  th e ir  m em b ran es  well p re se rv ed , w hile de lica te  e lectron-dense 
g ran u les  appeared  in  th e  m itochondria l su b s ta n c e . T he m em branes of th e  rough  
endop lasm ic  re tic u lu m  m u ltip lied , a rran g in g  co n cen trica lly  in  fin g erp rin t-lik e  
p a t te rn s  in th e  c e llu la r  cy top lasm . M any free  ribosom es w ere p resen t betw een  
th e  m em branes an d  fre q u e n tly  cysts a p p e a re d  in th e  cy to p lasm  (Fig. 5).

Fig. 2. Cowdry type A nuclear inclusions in liver cells. Sem i-thin section, toluidine blue stain.
X 900

A t la te r  s tag e  o f  cell degeneration  sev era l v irions w ere u sua lly  p re sen t in 
th e  cy top lasm  a n d  th e  organelles show ed severe changes. The m ito ch o n d ria  
becam e swollen a n d  ro u n d e d , while th e ir  c r is tae  e ith e r  becam e frag m en ted  or 
u n d e rw e n t com ple te  lysis, and f ilam en to u s , h igh ly  elec tron-dense  granu les 
ap p ea red  in th e  m ito ch o n d ria l su b stan ce  (F ig . 6). T he rough  endop lasm ic 
re tic u lu m  u su a lly  d is te n d e d  considerab ly  an d  a t  m an y  places th e  ribosom es 
becam e de tach ed  a n d  la y  freely in a d iso rgan ized  m an n e r (Fig. 7). O ften  
cy top lasm ic  cy sts  a n d  au tophagous vacu o les  developed  an d  a m yeline-type  
degenera tion  a p p e a re d  (F ig . 8a, b). Cell m em b ran es show ed p a r tia l  lysis, above 
all a t  the  p a rts  b o rd e rin g  th e  sinusoids.

Solitary, ac idophilic  necrosis o f  liver cells. T his process ap p eared  in v a rious 
p a r ts  of the  lobules. I n  sem i-th in  sections th e  row s of liver cells ap p eared  to  be 
in ta c t ,  b u t  th e  cells w ere  angu lar and  th e ir  cy to p lasm  s ta in e d  hom ogeneously  
w ith  to lu id ine b lu e . I n  electron  m icrog raphs th e  affec ted  cells w ere in itia lly  
s te lla te  and could b e  c learly  d istingu ished  from  neighbouring  no rm al liv er cells,
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Fig. 3. Nucleus of a dam aged liver cell. N ote the developing particles o f rhinopneum onitis 
virus between the granular, filam entous residues o f the nuclear chrom atin. X 23,660
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T h e  cell m em branes w ere in  p laces sh a rp ly  d elineated , b u t  elsew here showed 
signs of lysis. In  early  stages o f acidophilic  necrosis, th e  h y a lo p la sm  w as m a rk 
e d ly  electron  dense, som etim es d e lica te ly  v acu o lized ,w ith  u su a lly  w ell p reserved , 
c lea rly  visible organelles (F ig. 9). T he m ito ch o n d ria  becam e s lig h tly  swollen 
a n d  show ed an increased  e lec tro n  d en s ity ; th e  c ris tae  becam e loose; in  places 
th e  sm oo th  endop lasm ic re ticu lu m  d is ten d ed  an d  m u ltip lied  a n d  lip id  vacuoles 
ap p e a re d  in th e  cy to p lasm . T he n u c lea r  su b tan ce  cleared  s lig h tly  w ith  aggre-

Fig. 4. Developm ental stages of the viral particle w ithin the cellular nucleus; a, X 136,680;
Ь, X 168,000; с, X 281,400
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Fig. 5. F ingerprint-like arrangement of rough endoplasm ic reticulum and vacuole formation, 
in the cytoplasm  of liver cell, x  12,960
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Fig. 6. Swollen, round m itochondria devoid o f cristae and enclosing a highly electron-dense
substance, x  78,400

g á tio n  of th e  m ark e d ly  osm iophilic c h ro m a tin  along th e  n uc lear m em b ran e , 
an d  th e  nucleolus, en larged . A few in tra n u c le a r  v ira l pa rtic le s  were u su a lly  
p re se n t.

In  la te r  s tages, rem n an ts  of th e  a ffec ted  cells w ere irregu lar s tru c tu re s  
e x tru d in g  in to  th e  sinuso id  lum ina (F ig . 10). Cell organelles w ere h a rd ly  reco g 
n izab le  in  th e  m o stly  hom ogeneous c y to p la sm , while vesicles were fo rm ed  in  
sev era l p laces w ith in  th e  ground su b s ta n c e . T he clearer p a r ts  o f th e  cell residue  
c o n ta in e d  fine g ran u les  of glycogen a rra n g e d  in a ro se tte -lik e  p a tte rn  a n d  th e  
cell m em b ran e  w as recognizable only  in  p a r t? . F u lly  h y a lin ized  resid u a l bodies 
w ere n o t observed .

L iver cell degeneration accom panied by form ation  o f  so-called light cells. 
M any  of th e  liv e r cells w ere enlarged a n d  th e  la t te r  s ta in e d  pale w ith  to lu id in e  
b lu e  in sem i-th in  sections and becam e ro u n d ed  in  shape . E lec tro n  m ic ro 
scop ica lly  th e  h y a lo p lasm  was less e lec tro n  dense th a n  th a t  o f norm al cells. T he 
m ito ch o n d ria  becam e swollen, th e ir  g ro u n d  substance  becam e clearer a n d  only  
fra g m e n ts  o f th e  c ris tae  were seen. T h e re  was often cy stic  d ila ta tio n  o f th e
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Fig. 7. Part o f the cytoplasm  of a liver cell. N ote the extrem e distension and degranulation of 
the rough endoplasm ic reticulum . X 35,600
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Fig. 8. Part o f cytop lasm  of a liver cell. N ote  the autophagous vacuoles, cyst form ation  
and m yeline-type degeneration, a, X 12,500; b, X 67,200
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Fig. 9. E arly stage of solitary, acidophilic cell necrosis. X 12,960
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Fig. 10. Acidophilic bodies in a sinusoid. X 12,960
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Fig. 11. Pale liver cell of low  electron density. X 1 4 ,3 5 0
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Fig. 12. E xtensive focal necrosis in liver lobules. N ote  the lym pho-h istiocytic  infiltration of  
interlobular septa. H aem atoxylin  and eosin stain. x l lO

Fig. 13. Sinusoid filled w ith detached endothelial cells and inflam m atory cells. Sem i-thin
section, toluidine-blue stain. X 1800
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Fig. 14. D istended subendothelial gap filled w ith swollen microvilli and necrotic cell residues.
X 13,420
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endop lasm ic  re ticu lu m . T he cell nucleus d istended  in  a v e s icu la r m anner, 
b ecom ing  m ark ed ly  p a le , an d  th e  l i t t le  ch ro m atin  th e re  w as agg regated  
a lo n g  th e  n uc lear m em b ran e  (F ig . 11). No v ira l p a rtic le s  w ere seen in th e  
n u c le i of these cells.

In  advanced  s tag es  o f th e  d isease, a t  96 an d  120 h o u rs , irreg u la r  necroses 
o f  d iffe ren t sizes w ere seen in  v a rio u s  p a r ts  of th e  liv e r lobu les (F ig. 12). The 
m em b ran es of cells in  a ffec ted  a reas  u n d e rw en t a lm ost co m p le te  lysis an d  th e  
cell organelles w ere severe ly  d am aged . T he in te rlo b u la r  se p ta  w ere in filtra ted  
w ith  lym phocy tes a n d  h is tio cy te s  (F ig . 12). B ilia ry  d u c tu le s  w ere d istended  
a n d  con ta ined  coarse or de lica te  e lec tron  dense granu les, th e  m icrov illi becam e 
sw ollen  and  d e ta c h e d  in  p laces. M ost sinuso ids ap p eared  d is te n d e d  w ith  endo
th e lia l  cells o ften  sw ollen to  such  an  e x te n t  th a t  th e y  o b lite ra te d  th e  lum en. 
T h e  endoplasm ic re tic u lu m  o f th e  en d o th e lia l cells u su a lly  becam e d istended . 
D esq u am ated  en d o th e lia l cells an d  leucocy tes ag g reg a ted  in  th e  lu m in a  of th e  
sinuso ids (Fig. 13). T h e  su b en d o th e lia l gaps betw een  th e  cells w ere often  filled  
w ith  swollen o ed em ato u s m icrov illi an d  n ecro tic  cell re s id u es (F ig . 14).

D iscussion

In tra p e r ito n e a l in fec tio n  of d ay -o ld  golden h am ste rs  w ith  a n o n -ad ap ted  
rh in o p n eu m o n itis  v iru s  s tra in  iso la ted  from  th e  livers o f a b o r te d  equine foetuses 
in d u ced  a d iseased  co n d itio n  la s tin g  fo r 4 — 5 days. In  h a m s te rs  k illed  a t  various 
tim es  a fte r in fec tion , severe changes w ere found  only  in  th e  liv er. G rossly, th is  
w as in itia lly  en la rg ed , b ro w n ish -red  an d  friab le . L a te r , sm all g rey ish-w hite  
foci appeared . A t 24 — 36 h o u rs  a fte r  in fec tion , lig h t an d  e lec tro n  m icrographs 
rev ea led  an acu te  serous h e p a titis , b u t  n e ith e r  th e  cy to p lasm , n o r th e  nucleus of 
th e  p a renchym al cells co n ta in ed  v iru s  pa rtic le s  a t th is  e a r ly  stag e . The livers 
o f  ham sters k illed  b e tw een  48 an d  120 hours a fte r  in fec tio n  show ed acu te  or 
sem i-acu te  h e p a tit is , invo lv in g  severe p a ren ch y m a l cell d am ag e  m an ifested  in  
th e  form  of b o th  spo rad ic  cell necrosis an d  fo rm atio n  o f m o re  ex ten siv e  n ecro tic  
foci in th e  liv er tissu e . T h e  cell dam age ap p eared  as d eg en e ra tio n  accom pan ied  
b y  fo rm ation  o f inc lusions, acidoph ilic  necrosis or so-called  l ig h t cell tra n s fo r
m atio n . M axim um  v iru s  syn th esis  w as associa ted  w ith  in tra n u c le a r  inclusion 
b o d y  fo rm ation . In  th ese  cells, n u c lea r changes to o k  p lace  f irs t , accom pan ied  
b y  m u ltip lica tio n  an d  fin g e rp rin t-lik e  s tra tif ic a tio n  o f th e  ro u g h  endoplasm ic 
re ticu lu m . L a te r , w hen  th e  v ira l p a rtic le s  ap p eared  in  th e  cy to p lasm , th e  
endoplasm ic re tic u lu m  an d  m ito ch o n d ria  becam e severe ly  dam ag ed , a m yeline- 
ty p e  degenera tion  developed , an d  th e  cell m em b ran e  becam e lysed  a t  th e  
sinusoidal side o f th e  cell. B y  th is  tim e  th e  sinusoids a n d  D isse’s gaps w ere 
u su a lly  invo lved  as well. A ll th e se  a lte ra tio n s  h av e  b een  observed  in v ira l 
h e p a titis  o f m an  ( B r a u n s t e i n e r  e t  al., 1957; Co s s e l , 1959; H o l l e , 1960;
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Y a s u z u m i  e t al., 1963; R u e b n e r  a n d  Sl u s s e r , 1968; an d  o th e rs), m ice (St a r r  
e t ah , 1960; Sv o b o d a  e t  ah , 1962; M i y a i  é t ah , 1963; V e t t e r l e i n  an d  H e s s e , 
1965) a n d  dogs (L i n d b l a d  an d  B j ö r k m a n , 1964).

A lth o u g h  acidophilic  necrosis occurs in  various o th e r v ira l an d  to x ic  
co n d itio n s, i t  has been  reg a rd ed  as ch a rac te ris tic  of h u m a n  v ira l h e p a titis , 
because  th e  residues of th ese  cells c o n s titu te  th e  so-called eosinophilic  bodies 
w hich  becom e e x tru d e d  from  th e  p a ren ch y m a l cell row . T his ty p e  o f necrosis 
has b een  observed  in  v ira l h e p a tit is  o f  o th e r  an im al species to o , a n d  accord ing  
to re c e n t investig a tio n s i t  co rresp o n d s w ith  th e  in itia l s tag e  o f  co ag u la tio n  
necrosis. M o p p e r t  e t ah (1967) h a v e  suggested  on th e  basis o f e lec tro n  m ic ro 
scopic o b serv a tio n s th a t  th e  p re d o m in a n t ea rly  change is th e  ag g reg a tio n  of th e  
g ro u n d  su b stan ce  in  consequence of a red u c tio n  of th e  cell vo lu m e , w hich  la te r  
leads to  degenera tion  of th e  cy to p la sm ic  organelles th ro u g h  a d im in u tio n  of 
in tra c e llu la r  tra n sp o r t . T he so lita ry  acidophilic  cell necrosis o bserved  in  th e  
livers o f  rh in o p n eu m o n itis  v iru s-in fec ted  gold h am ste rs  in  th e  p re se n t s tu d y  is 
e ssen tia lly  th e  sam e p h enom enon  as t h a t  observed  in  o th e r  k in d s of v ira l 
h e p a titis . W e found th a t  in  th is  an im a l, aggregation  of th e  cy to p lasm ic  g ro u n d  
su b stan ce  an d  n u c lea r dam age a re  th e  f irs t  steps of th e  m orphogenesis of 
ac idoph ilic  necrosis. T he nuclei o f th e  d egenera ted  cells co n ta in ed  a few  v iru s  
p a rtic le s , w hich suggests th a t  th e  v ira l  ag en t has a d irec t ro le in  th e  acidoph ilic  
necrosis. A cidophilic bodies e x tru d e d  from  th e  p a ren ch y m a l cells w ere en 
co u n te red  in  p rac tica lly  all s tages o f th e  in fection .

T h e  th ird  form  of so lita ry  liv e r  cell dam age is tra n s fo rm a tio n  to  “ lig h t”  
cells. T hese  swollen, ro u n d ed  cells h a d  g ro u n d  substance  of d im in ished  e lec tron  
d en sity , m ark ed ly  dam aged  cell o rganelles, and  d is ten d ed  vesicle-like nucle i 
w hich d id  n o t con ta in  v ira l p a rtic le s . U ltra s tru c tu ra lly , th e se  cells w ere re 
m in iscen t th e  lig h t cells seen in  h u m a n  v ira l h e p a titis . T he absence of v ira l 
p a rtic le s  neverthe less suggests t h a t  in  th e  golden h a m ste r  th e  ap p ea ran ce  of 
such  cells is p ro b ab ly  u n re la te d  to  v ira l  infection .

A p a r t  from  th e  so lita ry  p a re n c h y m a l cell dam ages, th e re  w ere also 
ex ten siv e  necroses invo lv in g  p a r ts  o f one or m ore lobules. T hese changes w ere 
in  all p ro b a b ili ty  due to  v a scu la r d is tu rb a n c e , re su ltin g  from  th e  v ira l in fec tion , 
in an a lo g y  w ith  th e  s im ila r lesions fo u n d  in  ab o rted  equ ine  foetuses.

T h e  livers of golden h a m ste rs  in fec ted  w ith  rh in o p n eu m o n itis  v iru s  
show ed v a rio u s  a d d itio n a l signs o f in flam m atio n . P a re n c h y m a l cell dam ages in  
th e  sinuso ids and  D isse’s gaps w ere accom pan ied  b y  in f la m m a to ry  processes, 
w hile a ly m p h o -h is tio cy tic  in f il tra tio n  ap p ea red  in  th e  in te r lo b u la r  sep ta .

L ig h t an d  e lectron  m ic ro g rap h s o f  liv er specim ens from  golden h a m ste rs  
in fec ted  w ith  rh in o p n eu m o n itis  v iru s  show ed an  acu te  or sem i-acu te  diffuse 
h e p a titis . T h e  gross ap p earan ce  o f th e  liv e r corresponded  e ssen tia lly  to  th a t  
observed  in  ab o rted  equ ine  foetuses ( K a p p  e t al., 1969). In te re s tin g ly , n e ith e r  
in th is  s tu d y  n o r in  o th e rs  w as rh in it is  o r pneum on ia  observed  in  th e  h am ste rs .
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T h e liv e r lesions d ev e lo p in g  in  th e  la t te r  n ev erth e less  b e a r a s trik in g  m o r
pholog ica l resem blance  to  th e  changes caused  b y  rh in o p n eu m o n itis  v irus in 
eq u in e  foetuses or b y  h e p a titis  v iruses in m an  an d  an im als.
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KAPP

SUM M ARY

In Syrian golden ham sters infected at 2— 3 days of age w ith  a field  strain of equine, 
rhinopneum onitis virus the m ost characteristic changes were observed in the liver 48 to 120 
hours after infection. So litary and diffuse lesions of parenchym al cells were prominent in all 
case. Solitary liver cell dam ages were m anifested in the form of cell degeneration accompanied 
b y  intranuclear inclusion b od y  formation, acidophilic necrosis and ligh t cell formation. In the 
degenerating cells the rough endoplasm ic reticulum  m ultiplied and arranged in a fingerprint
like pattern. M axim um  viral synthesis took place at the tim e of intranuclear inclusion body  
form ation. The appearance o f viral particles in the cytoplasm  w as follow ed by severe damages 
o f endoplasm ic reticulum  and m itochondria, cytoplasm ic cyst form ation, m yeline-type degener
ation  and lysis of the cytop lasm ic  membrane along the sinusoidal side of the liver cells. Solitary- 
acidophilic cell necrosis and the subsequent appearance of eosinophilic bodies in the sinusoids 
w ere often observed, and w ere thought to result from direct action o f the virus. No viral particles 
were seen within ligh t cells. Diffuse parenchym al cell necrosis involving parts of one or more 
lobules was attributed to  vascular disturbances. Apart from  the parenchym al cell lesions, 
inflam m atory processes were observed in the sinusoids and D isse’s gaps, while the interlobular 
septa  were infiltrated w ith  lym phocytes and histiocytes. The general picture of an acute or 
sem i-acute hepatitis induced by rhinopneum onitis virus m orphologically resembled the liver 
lesions of viral hepatitis in  m an and animals.
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EXPERIMENTAL STUDIES ON VISCERAL LARVA 
MIGRANS OF TOXOCARA CANIS IN LABORATORY
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T he te rm  la rv a  m ig rans refers in com m on use to  th e  m ig ra tion  e ith e r of 
can ine hookw orm  la rv a e  in th e  h u m an  sk in  — cu tan eo u s la rv a  m igrans, 
or o f canine ascarides in  th e  v iscera  — v iscera l la rv a  m ig rans (Beaver e t a l., 
1952). T he la t te r  co n d itio n  occurs m ain ly  am ong  ch ild ren  u n d e r four years of 
age an d  is u su a lly  acq u ired  by  th e  ingestion  of soil c o n ta m in a te d  w ith  faeces 
of in fected  dogs. A fte r  be ing  sw allow ed th e  in fec tiv e  eggs h a tc h  in  th e  in te s tin e , 
an d  th e  second s ta g e  la rv a e  p e n e tra te  th e  in te s tin a l w all to  reach  th e  liver. 
T he m a jo rity  of th e  la rv a e  rem ain  in th e  liv er, b u t  som e pass on to  th e  lu n g s 
an d  o th e r organs.

The histological changes in the liver of mice infected w ith  T . canis  were first described 
by H o e p p l i et al. (1949). D o n e  et al. (1960) found larvae of T . canis  in the liver, brain, lungs 
and m uscles of experim entally  infected pigs, while Sc h a e f f l e r  (1960) recovered them  from  
the liver, muscles and other tissues o f sheep. B is se r u  (1969) reported on the lesions caused b y  
larvae of T . canis in the liver, lungs and brain of mice.

T he h is to p a th o lo g ica l changes in th e  v a rio u s h o s t species h av e  n o t been  
fu lly  described, how ever. T he p re sen t in v es tig a tio n  w as th e re fo re  u n d e rta k e n  
to  g e t m ore in fo rm a tio n  a b o u t th e  tissue reac tio n  caused  b y  m ig ra tin g  la rv ae  
of T. canis in d iffe ren t o rgans o f some la b o ra to ry  an im als an d  chickens.

Material and methods

Eggs of T . canis  w ere o b ta in ed  from  th e  d is ta l p o rtio n  o f th e  u te ru s  b y  
d issecting  fresh  a d u lt  fem ale  w orm s. T hey  w ere c u ltiv a te d  in  0 .5%  fo rm alin  
a t 2 8 —30 °C fo r fo u r w eeks. P rio r  to  in o cu la tio n , th e  eggs w ere w ashed  several 
tim es w ith  ta p  w a te r , an d  th e ir  n u m b er w as e s tim a ted . E ig h t ind iv iduals each  
of 30-day-old  m ice, r a ts ,  guinea-p igs an d  11-day-old  chickens were ex p eri
m en ta lly  in fec ted  w ith  a b o u t 2000 em b ry o n a ted  eggs ex cep t th e  m ice w hich 
received  a b o u t 500 eggs. T h e  eggs w ere in tro d u c e d  in to  th e  esophagus w ith  
th e  a id  of a d ropper. Tw o an im als from  each g roup  w ere k illed  b y  c u ttin g  th e ir  
th ro a ts  10, 20, 30 a n d  40 day s a fte r  in fection . F re sh  sam ples ta k e n  from  th e  
lungs, k idneys, liv e r an d  b ra in  w ere fixed  in  10%  fo rm alin , em bedded  in 
p a ra ffin , seria lly  c u t, a n d  th e  sections s ta in ed  w ith  h em a to x y lin  an d  eosin.
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R esults

L iver

M ouse  : L iver exam ined  30 d ay s  a f te r  th e  in fec tion  show ed la rv a e  su r
ro u n d e d  b y  f ib ro b la s ts  an d  eosinophils (F ig . 1). K upffe r cells an d  en d o th e lia l 
cells lin ing  th e  h e p a tic  sinusoids w ere sw ollen.

R a t : T he livers exam ined  on th e  1 0 th  d ay  of th e  in fec tion  w ere congested  
a n d  show ed focal h e p a tic  necrosis a n d  in te rs ti t ia l  aggregations of eosinophils.

Fig. 1. Larva of Toxocara canis surrounded 
by fibroblasts and eosinophils in the liver  
o f  a m ouse 30 days after infection. x ! 5 0

Fig. 2. Larvae surrounded w ith  a thick f i
brous capsule in the liver of a guinea-pig 

40 days after infection. X 200

G uinea-pig : L a rv ae  w ere fo u n d  am ong  h ep a tic  cells 10, 20, 30 an d  40 
d ay s a fte r  th e  in fec tion . L y m p h o cy tic  in filtra tio n  w ith  fib ro b la s tic  p ro lif
e ra tio n  w as p re se n t in  th e  p o rta l t r a c ts  o f th e  liver, w h ich  was congested  and  
e x h ib ite d  num ero u s nec ro tic  foci a f te r  10, 20 an d  30 days o f  th e  in fec tion . 
Som e la rv ae  failed  to  induce  in fla m m a tio n , b u t  o th ers  w ere su rro u n d ed  b y  
n ec ro tic  debris, f ib ro b la s ts  an d  eosinoph ils from  10—20 days a f te r  th e  in fec
tio n . Y e t o th e r la rv a e  w ere enclosed in  a th ick  fib rous tissu e  capsule  (F ig . 2) 
in f i l t ra te d  w ith  eosinophils. F ro m  d a y  30 a fte r th e  in fec tion , th e  cy to p lasm  of 
m o s t h ep a tic  cells w as v acu o la r o r h y d ro p ic  and  show ed focal necrosis, b u t  
th e re  w ere also signs o f rep a ir  an d  reg en e ra tio n . R e ticu lo -en d o th e lia l cells w ere 
sw ollen.

C hicken: L a rv a e  w ere m o stly  seen  su b cap su la rly  am ong th e  h e p a tic  cells 
a n d  inside th e  sinuso ids, b o th  w ith  a n d  w ith o u t su rro u n d in g  in flam m atio n , 
a f te r  10, 20 an d  30 day s o f th e  in fec tio n  (Fig. 3). T he re a c tio n  a ro u n d  th e  la rv ae  
on th e  10 th  d a y  consisted  o f n e c ro tic  debris, eosinophils an d  ly m p h o cy tes  
(F ig . 4). N um erous n o d u la r  in te rs t i t ia l  ly m phocy tic  in f iltra tio n s  to g e th e r  w ith  
a few  eosinophils w ere seen am ong th e  h e p a tic  cells. T h e  K u p ffe r cells an d  endo
th e lia l cell lin ing  o f h ep a tic  sinuso ids w ere swollen. Som e b ile  d u c ts  rev ea led  a
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Fig. 3. Larva under the capsule w ithout 
inflam m ation in the surrounding tissue of the 
liver of a chicken 10 days after infection, x 550

Fig. 5. Peribronchial and perivascular infil
tration  w ith eosinophils and lym phocytes  
in  the lung of a m ouse 30 days after infection. 

X 150

Fig. 4. Larva surrounded by necrotic debris, 
eosinophils and lym phocytes in the liver of 

a chicken 10 days after infection, x 330

Fig. 6. Larvae surrounded b y  necrotic debris, 
macrophages, giant cells, fibroblasts and eosin
ophils in a rat lung 30 days after infection. 

X 330

h y p e rp la s tic  ep ith e lia l lin in g  w ith  increased  fib rous tissu e  in  th e  w all 10 days 
a f te r  infection .

Lungs
In  general, a p ic tu re  o f in te rs ti t ia l  pneum on ia  w as p re se n t in all e x p e ri

m e n ta l an im als.
M ouse:  On th e  1 0 th  d a y  lungs w ere congested  an d  show ed  h aem o rrh ag ic  

p a tch es  to g e th e r w ith  p ro life ra te d  an d  d esq u am ated  b ro n c h ia l ep ithe lium . 
L a rv a e  su rro u n d ed  b y  a la y e r  of fib ro b lasts  an d  eosinophils w ere p resen t in  th e  
in te rs ti t ia l  tissu e  on d ay s  10 an d  30. B ronchioles an d  b lo o d  vessels w ere su r
ro u n d ed  w ith  eosinophils b y  th e  10 th  d ay  an d  w ith  ly m p h o c y te s  and  eosino
p h ils  b y  th e  3 0 th  d a y  o f  th e  in fec tion  (F ig . 5).
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R a t:  L arvae  w ere p re se n t in  all p u lm o n a ry  tissues exam in ed . On days 10, 
20 an d  30 of the  in fec tio n  th e y  w ere su rro u n d ed  by  n ec ro tic  debris, m acro 
p h ag es , g ian t cells, f ib ro b la s ts  an d  som e eosinophils (F ig. 6). H yalin ized  la rv ae  
co v ered  b y  a th ick  f ib ro u s  tissu e  capsule su rro u n d ed  b y  m acrophages, g ian t 
cells o f foreign-body ty p e  a n d  eosinophils w ere seen on d ay s 30 an d  40. E osino
p h ils  appeared  a round  b ro n ch io les  and  m ore  ex tensive ly  a ro u n d  blood vessels 
in all cases (Fig. 7). H y p e rp la s tic  p e rib ro n ch ia l lym ph  follicles w ith  ly m p h o 
c y tic  aggregation  w ere e s tab lish ed  in th e  lam in a  p ro p ria  o f bronchio les on th e  
3 0 th  d ay  of th e  in fec tion .

Fig.  7. Arterioles showing perivascular eosino
philic  infiltration and th ickened wall in the 
lu n g  o f a rat 30 days after infection . X 150

Fig. 8. Thickened pleura covering a parasitic  
nodule in the lung of a guinea-pig 20 days  

after in fection . x l2 5

G uinea-pig : L a rv a e  w ere observed  in  th e  in te rs ti t ia l  p u lm o n ary  tissue  
on  d ay s 10, 20, 30 an d  40 a f te r  infection . On th e  2 0 th  d ay  som e w ere su rrounded  
b y  g ran u la tio n  tissue  in f i l t ra te d  w ith  eosinophils, som etim es follow ed by  a zone 
o f  m acrophages and  g ia n t cells o f th e  fo re ign -body  ty p e . A t th e  sam e tim e  th e  
en d o th e lia l lining of th e  b lood  vessels w as sw ollen, b ro n ch ia l ep ithe lium  h y p e r
p la s tic  and d esq u am ated . P o rtio n s  of th e  p leu ra  covering  th e  pa rasitic  nodules 
w ere  d isru p ted  or th ic k e n e d  b y  eosinophilic in filtra tio n  an d  fib ro b lastic  p ro lif
e ra tio n  (Fig. 8). L a rv ae  in  th e  lungs exam ined  on th e  3 0 th  a n d  4 0 th  days w ere 
su rro u n d ed  b y  necro tic  d eb ris , eosinophils an d  fib ro b la s ts  (F ig . 9). P e r ib ro n 
ch ia l and p erivascu lar eosinophilic  in filtra tio n  and  f ib ro b la s tic  p ro lifera tion  
w ere also visible. T he w all o f  som e arte rio les in th e  p u lm o n a ry  tissue was th ick  
a n d  show ed o b lite ra ted  lu m en  on d ay  40 (F ig . 10).

Chicken : L ungs c o n ta in e d  la rv ae  su rro u n d ed  b y  ly m p h o c y te s , eosinophils 
a n d  a few fib ro b lasts  on  th e  10 th  d ay  of th e  in fection  (F ig . 11), b u t  b y  th e  2 0 th  
d a y  on ly  g ran u la tio n  tis su e  in f iltra te d  w ith  eosinophils a n d  su rrounded  by  
ly m p h o cy tes  was seen. Som e o f th e  la t te r  nodules h ad  a n ec ro tic  cen tre  su r
ro u n d ed  by m acrophages an d  g ian t cells. A few su bp leu ra l nodu les exam ined  on
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th e  3 0 th  d ay  consisted  of fib ro b la s ts , ly m p h o cy tes  an d  blood cap illa ries. 
N um erous n o d u la r ly m p h o cy tic  in f iltra tio n s  were observed  in  th e  p u lm o n a ry  
tissue  an d  b ro n ch ia l lam in a  p ro p ria  on d ay s  20 an d  30 (F ig. 12). T h e re  w as 
focal eosinophilic in f iltra tio n  u n d er th e  p le u ra  or in th e  in te rs titia l tissu e  on th e  
3 0 th  day .

Fig. 9. Larvae surrounded b y  necrotic debris, 
eosinophils and fibroblasts in the lung of a 

guinea-pig 40 days after infection, x  330

Fig. 10. Arteriole w ith a thickened wall and  
obliterated lum en in the lung of a guinea-pig  

40 days after infection. X 330

Fig. 11. Larva surrounded b y  lym phocytes, 
eosinophils and a few fibroblasts in a chicken  

lung 10 days after infection , x  220

Fig. 12. Nodular lym phocytic in filtration  
in the pulm onary tissue and bronchial lam ina  
propria of a chicken 20 days after infection .

X 75

K idneys

M ouse:  K idneys ex am in ed  on th e  3 0 th  d ay  of th e  in fec tion  co n ta in ed  
la rv ae  am ong th e  ren a l tu b u le s  (F ig. 13), w ith o u t an y  reac tio n  in th e  n e a rb y  
tissue . T h e  co rtex  show ed num erous agg reg a tio n s of m acrophages and  f ib ro 
b lasts  (F ig . 14). T h e  re n a l ep ithe lium  in  th e  affec ted  areas w as d issocia ted  or
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fo rm ed  sy n cy tia l g ia n t cells. R enal tu b u le s  in side  and  a d ja c e n t to  th e  affec ted  
a rea s  w ere red u ced  in  d iam e te r an d  h a d  a th ic k  b asem en t m em brane . Som e o f 
th e  tu b u le  cells d isp lay ed  a m in im um  cy to p la sm  and  large v esicu lar n u c le i 
w h ich  a lm ost o b lite ra te d  th e  lum en. B o w m an ’s capsules beside th e  in f la m m a 
to ry  nodules w ere th ic k e n e d  and  th e  en d o th e lia l cell lin ing  o f blood vessels 
w as swollen.

R at : T he k id n ey s  exam ined  10 an d  30 days a fte r  in fec tion  p re sen ted  
la rv a e  su rro u n d ed  b y  fib ro u s tissue  capsu les. On th e  3 0 th  d a y  g ran u lo m ato u s

tissu e  and  eosinoph ils w ere p ro m in e n t a ro u n d  th e  la rv a e  (F ig. 15). R en a l 
tu b u le s  and  B o w m an ’s capsules in  th e  a ffec ted  areas rev ea led  changes s im ila r 
to  th o se  described  fo r m ice. T he e n d o th e lia l cell lin ing  of th e  b lood  vessels w as 
sw ollen.

G uinea-pig : K id n ey s  exam ined  a f te r  10 an d  20 days w ere congested  an d  
rev ea led  la rv ae  su rro u n d ed  b y  f ib ro b la s ts . Som e la rv ae  w ere found  in side  th e  
m ed u lla ry  cap illa ries  on th e  2 0 th  d ay  (F ig . 16). D issocia ted  co rtica l re n a l 
ep ith e liu m  fo rm in g  sy n cy tia l g ia n t cells w as seen on th e  2 0 th , 30 th  an d  4 0 th  
d a y s  (Fig. 17). C loudy  swelling an d  h y d ro p ic  d eg enera tion  w ere p re se n t a f te r  
20, 30 and  40 d ay s  o f th e  in fec tion , to g e th e r  w ith  focal in te rs ti t ia l  eosinophilic  
a n d  ly m p h o cy tic  in filtra tio n s . B ow m an’s capsu les close to  affected  areas w ere 
th ick en ed .

B ra in
M ouse : L a rv a e  inside sm all vacuo les b u t  no tissue  reac tio n  were o b serv ed  

on  days 10, 20 a n d  30 o f th e  in fec tion . A reas o f sa te llito sis , n eu ro n o p h ag ia  an d  
glial p ro life ra tio n  w ere a p p a re n t in  all specim ens, especially  in  tho se  ex am in ed
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Fig. 13. Larvae am ong renal tubules w ithout 
inflam m ation of the surrounding tissue, in 
the kidney from a m ouse 30 days after the 

infection . X 100

Fig. 14. Aggregation of macrophages and 
fibroblasts in the renal cortex of a m ouse  

30 days after infection. X 330
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Fig. 15. Larvae surrounded b y  necrot
ic debris, fibroblasts, m acrophages, 
giant cells and eosinophils in the 
kidney of a rat 30 days after infection.

X 150

Fig. 16. Larva inside a m edullary capillary of 
kidney from a guinea-pig 20 days after infec

tion . X 330

Fig. 17. Syncytial giant cells from dis
sociated renal epithelium  of a guinea- 

pig 20 days after infection .. X 330

Fig. 18. P erivascular lym phocytic  in 
filtration in the p ia m ater of a mouse 
brain 30 days after infection, x  330

a fte r  20 an d  30 days o f th e  in fection . In  th e  p ia  m a te r  focal haem orrhages w ere 
seen on th e  10th d a y  a n d  p e riv ascu la r ly m p h o cy tic  in f il tra tio n  an d  fib ro b lastic  
p ro life ra tio n  on th e  3 0 th  d a y  (Fig. 18).

R a t:  L a rv ae  in side  sm all vacuoles w ith o u t in fla m m a tio n  w ere found  in  
th e  b ra in  a fte r 10 a n d  40 days. H aem orrhag ic  foci w ere p re se n t on th e  10 th
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d a y , m alacia , sa te llito sis , n eu ro n o p h ag ia  an d  focal gliosis (F ig . 19) on th e  
4 0 th  day .

G uinea-pig : L a rv ae  w ere p re se n t in  th e  b ra in  tissu e  w ith o u t an y  sign of 
in flam m atio n  (F ig. 20). F oca l congestion  an d  m alacia  w ere observed  on th e  
4 0 th  d ay  of th e  in fec tion .

Fig. 19. Glial nodule, satellitosis and neurono
phagia in the brain of a rat 40 days after 

infection. X 1380

Fig. 20. Larva inside vacuole w ithout in 
flam m ation of the surrounding tissue, in the 
brain from a guinea-pig 40 days after infec

tion. x 3 3 0

Discussion

I t  seems clear from  th e  ab o v e  s tu d y  th a t  la rv ae  of Toxocara canis m ig ra ted  
th ro u g h  various organs of all th e  ex p e rim en ta lly  in fec ted  an im als . T his is in 
ag reem en t w ith  th e  s ta te m e n t m ad e  b y  B i s s e r u  (1969) t h a t  ex cep t m an  and  
th e  dog all an im als are  p a ra te n ic  h osts  fo r T. canis.

The livers, lungs an d  k id n ey s o f all an im als show ed in f la m m a to ry  reactions 
w ith  and  w ith o u t th e  presence o f la rv ae  and  freq u en tly  su rro u n d e d  b y  fib rous 
capsu le . This is in  acco rdance  w ith  W e b s t e r ’s re p o rt (1958) of T . canis la rv ae  
in v a d in g  ly m p h  vessels, ly m p h  nodes an d  venous cap illa ries u p  to  th e  p o rta l 
c ircu la tio n  in th e  course o f m ig ra tio n  to  th e  liver, h e a r t , lungs an d  system ic 
c ircu la tio n .

T he reac tio n  in  th e  liv er o f m ice 20—30 days a fte r  in fec tio n  consisted  of 
foci of eosinophils an d  f ib ro b la s ts  a ro u n d  th e  la rv ae . H o e p p l i  (1949) rep o rted  
th e  occurrence of foci of eosinoph ils, n eu tro p h ils  an d  g ia n t cells a ro u n d  larvae  
su rro u n d ed  by  a fib rous tissu e  capsu le , w hile B i s s e r u  (1969) saw  in filtra tio n s  
w ith  eosinophils, ly m p h o cy tes  an d  n eu tro p h ils  w ith o u t th e  la rvae . In  th e  
liv e r  o f guinea-pigs, Ch a u d h u r i  an d  Sa h a  (1959) o bserved  n u m ero u s g ran u lo 
m a to u s  areas, o ften  w ith  re m n a n ts  of la rv a e  in  th e  cen tre  a n d  p ro fuse  pe rip h era l 
eosinophilic  in f iltra tio n . T h e ir re su lts  are in  ag reem en t w ith  th e  p ic tu re  n o ted
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in  th is  s tu d y  on d ay s  30 and  40 a fte r  infection . G a l v i n  (1964) in v es tig a ted  th e  
lesions produced  b y  T . canis in th e  liver o f ch ickens and  found  sm all foci o f 
ly m p h o cy tic  in f il tra tio n  w ith  necro tic  cen tres su rro u n d ed  b y  a few g ian t cells 
o f th e  fo re ign-body  ty p e  and  an  o u te r  fib rous tis su e  capsule w ith  a p a r tia l  or 
com plete  b o u n d a ry  o f lym phoid  cells, a few eosinophils an d  neu tro p h ils . In  the 
b ird s  exam ined  in  th e  p resen t s tu d y , how ever, th e  la rv ae  were su rro u n d ed  b y  
nec ro tic  debris, eosinophils and  lym p h o cy tes  w ith o u t g ian t cells, w hile th e  
n o d u la r  in te rs ti t ia l  ly m phocy tic  in filtra tio n  d id  n o t su rro u n d  th e  p a ra s itic  
nodu les b u t was h a p h a z a rd ly  d is tr ib u ted .

T he p ic tu re  o f in te rs ti t ia l  p n eum on ia  found  in  th e  lungs of all ex am in ed  
an im als is th e  re su lt o f in ju ry  caused  by  th e  m ig ra tin g  la rv ae  ( J u b b  an d  
K e n n e d y , 1963). B i s s e r u  (1969) found  free la rv a e  in  h aem orrhag ic  areas 
w ith o u t in f la m m a to ry  cells and  se p a ra te  in f la m m a to ry  foci o f lym p h o cy tes  
w ith  occasional n e u tro p h ils  and  a few  eosinophils in  th e  lungs of m ice in fec ted  
w ith  T . canis. In  th e  p re sen t s tu d y  th e  la rv ae  w ere su rro u n d ed  by  fib ro b la s ts  
an d  eosinophils. E osin o p h ils  w ith  lym phocy tes w ere on ly  found  a ro u n d  b ro n 
chioles and  blood  vessels. T he lungs showed h aem o rrh ag ic  areas w hich is in  
ag reem en t w ith  B i s s e r u ’s d escrip tion  (1969). In  th e  lungs of guinea-p igs 
in fec ted  w ith  T . canis  Ch a u d h u r i  an d  Sa h a  (1959) fo u n d  diffuse in te rs ti t ia l  
eosinophilic in f il tra tio n . This in f iltra tio n  was consp icuous a round  th e  b ro n 
chioles and  eosinophilic  ex u d a te  filled  th e  b ronch io les an d  alveoli. S im ilar 
o b serv a tio n s w ere m ad e  in th e  p re se n t s tu d y , b u t  in  a d d itio n  larvae  su rro u n d ed  
b y  nec ro tic  debris, eosinophils and  fib ro b lasts , or m acrophages and  g ian t cells, 
o r even  b y  a th ic k  f ib ro u s  tissu e  capsu le , w ere n o te d . T h e  cellu lar reac tio n  of 
p u lm o n a ry  tissue to  m ig ra tin g  la rv ae  o f T. canis w as essen tia lly  g ran u lo m ato u s 
in th e  r a t  and  g u inea-p ig , w ith  som e fib ro b lasts  an d  eosinophils. The la t te r  
w ere especially  p ro m in e n t in the  gu inea-pig  lungs. In  chickens, in te rs ti t ia l  
foci o f ly m p h o cy tic  in f iltra tio n  an d  th e  p ersistence  o f  lym phocy tes in th e  
p a ra s itic  nodules w ere  th e  o u ts ta n d in g  fea tu res.

In  his s tu d y  o f th e  lesions in  th e  k idneys of dogs in fec ted  w ith  T. canis 
B o t t i  (1957) n o ted  su b c a p su la r  nodu les show ing a ten d e n c y  to  necrosis an d  
com posed of f ib ro b la s ts , m acrophages an d  p lasm a cells. T he availab le  l i te ra 
tu re  d id  n o t refer to  s im ila r lesions in  th e  k id n ey  of la b o ra to ry  an im als. In  th e  
p re se n t m a te ria l, p a ra s it ic  nodules occurred  m o stly  in  th e  ren a l co rtex  of th e  
ex p erim en ta l an im als. T he nodules consisted  of la rv a e , eosinophils, m ac ro 
phages, g ian t cells a n d  fib ro b lasts  w ith  degenera ted  a d ja c e n t ren a l tu b u les . 
Some la rv a e  were su rro u n d e d  b y  a fib rous capsule or fo u n d  inside th e  cap illa 
ries. G enerally , th e  k id n ey s  are th e  m ost com m on lo ca tio n  for th e  sm all 
g ran u lo m as caused b y  T . canis la rv ae  ( J u b b  and  K e n n e d y , 1963).

B i s s e r u  (1969) fo u n d  num erous la rv ae  in th e  b ra in  o f m ice in fec ted  w ith  
T. canis. This invasion  w as accom panied  b y  li ttle  or no ce llu la r reac tio n  in  th e  
p a ren ch y m a excep t fo r som e m ig ra tio n  tra c ts  in f i l t ra te d  w ith  ly m phocy tes.
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M ice, r a ts  and guinea-p igs used  in  th e  p re se n t w ork  ex h ib ited  v e ry  sim ilar 
le s ions, b u t  in add itio n  th e re  w ere a reas  show ing sa te llito sis , n eu ro n o p h ag ia  
a n d  g lia l p ro lifera tion  w ith  focal h aem o rrh ag e . T hese lesions w ere p ro b ab ly  
cau sed  b y  co n stan t m o v em en t of th e  p a ra s ite s . T he fa ilu re  o f a f ib ro u s  capsule 
to  b e  fo rm ed  around  la rv a e  in  th e  b ra in  is due  m ain ly  to  th e  la ck  o f fib rous 
tis su e  in  th e  cen tra l n e rv o u s  system . J u b b  an d  K e n n e d y  (1963), in  co n tra s t, 
d e te c te d  no lesions in  th e  ce n tra l n e rv o u s  system . This p o in t needs fu r th e r  
in v e s tig a tio n s , how ever, in  v iew  o f th e  b ra in  lesions described  in  th e  p resen t 
p a p e r .

SUM M ARY

M ice, rats, guinea-pigs and chickens were experim entally infected w ith  T. canis,  and the 
histopathological lesions in  the liver, lungs, k idneys and brain exam ined 10, 20, 30 and 40 
days after the infection were described. In general, larvae w ith or w ithout cellular reaction  
were dem onstrated in m ost organs of ad anim als. The cellular reaction consisted of fibroblasts 
and som e eosinophils in the liver, and was m ain ly  granulom atous w ith som e fibroblasts and 
eosinoph ils in the lungs o f rats and guinea-pigs. Nodular lym phocytic in filtra tion  was the 
characteristic  lesion in the liver and lungs o f chickens. Larvae in the brain generally failed to 
produce explicit reaction, although some areas o f satellitosis, neuronophagia and glial pro
lifera tion  w ith  focal haem orrhage could be detected .

R E F E R E N C E S

B e a v er , P. C., Sy n d e r , C. H ., Ca r r e r a , G. M., D e n t , J. H. and L a f f e r t y , J. W.: 
P ed iatrics 9 (1952), 7. B is s e r u , B.: J. H elm inthol. 43 (1969), 267. B o t t i, L.: A tti Soc. ital. Sei. 
V et. 11 (1957), 737. Ch a u d h u r i, R. N. and Sa h a , T. K.: Lancet (1959), 493. D o n e , J. T., 
R ic h a r d s o n , M. D. and Gib s o n  T. E.: Res. V et. Sei. 1 (1960), 133. Ga l v in , T. J.: J. Parasitol. 
50 (1964), 124. H o e p p l i, R ., F e n g , L. C. and Li, F.: Peking Natural H ist. Bull. 18 (1949), 119. 
J u b b , К . V. F. and K e n n e d y , P. C.: Pathology of D om estic Animals. N ew  Y ork and London, 
1963. S c h a e ff l e r , W. F.: J. Parasitol. 46 (Suppl., 1960), 17. W e b s t e r , G. A.: Canad. J. Zool. 
36 (1958), 435.

Address of the authors: Dr. I. M ossalam , O. A. Ata llah , Pathology and Parasitology  
D ep t., Fac. of Veterinary M edicine, Cairo U n iversity , Cairo; Z. H o sn ey , Inst, o f V et. Research, 
D ok ki, Giza, U.A.R.

A eta Veterinaria Acadcmiae Scientittrum Hungaricai' 22, 1972



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (1 ), pp. 81—84 (1972)

/S-LACTOGLOBULIN POLYMORPHISM IN THE MILK OF 
HUNGARIAN SPOTTED COWS
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D epartm ent for Im m unogenetics, Central S tation  for A rtificial Insem ination  
(H ead: I. Mészá ro s), Budapest

(R eceived Septem ber 15, 1971)

Polym orphism  of /З-lactoglobulin in  cow s’ m ilk was first reported b y  A sch a ffen bu rg  
and D r e w y  (1955), who by starch gel electrophoresis found two variants: a faster one, A, 
and a slow one, B. This variation was explained on the basis of fam ily  investigation s as being 
under the control of a single locus w ith  tw o co-dom inant alieles. In  A ustralian cows B el l  
(1962) found a third variant, C, which m igrated considerably slower th an  the former two. 
L a r s e n  and T hym an  (1966) also reported in D anish Jersey breed a new  /S-lactoglobulin allele, 
which th ey  termed D ; th is m igrated ye t slower than 0 . They found — CC homozygous 
and — B D  heterozygous phenotypes, bu t no — CD and —DD anim als. The gene frequency 
v a lu es o f the different alleles in the D anish Jersey breed were as follow s: LgA =  0.39; 
L gB =  0.55; Lg° =  0.01 and LgD =  0.02. Thus at present four /S-lactoglobulin variants are 
know n in cattle, controlled by four co-dom inant alleles. The purpose o f th is paper is to 
report findings on the /S-lactoglobulin polym orphism  of the Hungarian S p otted  breed and to 
com pare the data w ith  those for other breeds exam ined so far and presented in the literature.

Material and method

M ilk sam ples w ere co llected  from  cows of six herds a n d  s to re d  a t  -(-5 °C 
u n ti l  use. The s ta rc h  gel e lec tro p h o re tic  p ro ced u re  described  b y  M e y e r  (1966) 
w as em ployed , w ith  s ligh t m o d ifica tions. T he gel slides w ere in se r te d  w ith  sm all 
pieces o f f ilte r  p ap e r subm erged  in  sk im m ed  m ilk. The e le c tro p h o re tic  runs were 
p e rfo rm ed  a t  120 У v o ltag e , w ith  a ru n n in g  tim e  of ab o u t 3.5 — 4 hours.

Results and discussion

A ll /S-lactoglobulin p h en o ty p es  fo u n d  to  occur in th e  sam p led  ca ttle  are 
p re se n te d  in  Fig. 1. T he single cow in  w h ich  th e  —BC p h e n o ty p e  w as found  
was reg is te red  in  th e  h erd -book , b u t  n o n e  o f its  ancestors or o ffsp rin g  could be 
tra c e d , so th a t  i t  w as n o t possible to  c a r ry  o u t an  in h eritan ce  s tu d y . I t  w ould 
seem  t h a t  th e  reason  w h y  no fu r th e r  com b in a tio n s of th e  v e ry  ra re  LgC allele 
w ere d e te c te d  m u st h av e  been th e  re la tiv e ly  sm all size of th e  sam p led  p o p u la 
tio n . F ro m  th e  d is tr ib u tio n  o f th e  o th e r  /S-lactoglobulin p h e n o ty p e s , given in 
T ab le  I ,  i t  is clear th a t ,  ex cep t for th e  n e a r ly  c o n s ta n t p ro p o rtio n  o f  —B B , these 
show ed considerab le v a r ia tio n  in  th e ir  incidence in d iffe ren t h e rd s . T he —AA 
an d  — AB phen o ty p es th e re fo re  f lu c tu a te  in  opposite  d irec tio n s , —AB being 
th e  m o s t com m on, —AA less com m on th a n  b o th  th is an d  —B B .
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ß-Lg

ВС ВВ ÁB AA

Fig 1. /З-lactoglobulin  phenotypes in Hungarian S p otted  cattle
Table I

The distribution of /J-lactoglobulin phenotypes and the

Herd No. No.

/5-lactoglobulin

—AA —BB - cc

1 ->/ /о 0//о %

obs: 11 9 35 27 — —

I 123 exp: 19.94 43.91 - -

- 8 .9 4 - 8 .9 1 - -

obs: 16 20 22 26 — -

h 81 exp: 17.35 23.36 - -
- 1 .3 5 — 1.36 - —

obs: 32 18.4 58 34.5 — —
i n 171 exp: 30.30 56.15 - -

+  1.70 +  1.85 — —

obs: 34 27 32 26 - -

IV 124 exp: 31.99 30.00 - —

+  2.01 +  2.00 - -

obs: 13 26 10 20 - -

V 50 exp: 14.04 11.04 - -

- 1 .0 4 - 1 .0 4 — -

obs: 4 8 14 29 - -

VI 48 exp: 7.51 17.52 - —

- 3 .5 1 - 3 .5 2 — -

obs: 110 18 172 28 - -

Total: 497 exp: 119.81 181.36 - —

- 8 .8 1 - 1 0 .3 6 — —
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A com parison  o f th e  gene frequency  values of th e  d iffe ren t /5-lactoglob- 
u lin  alleles an d  th e  d is tr ib u tio n  of th e ir  phen o ty p es in H u n g a rian  S p o tted  
an d  o th e r b reeds o f c a ttle  is p resen ted  in  T ab le  I I .  M arked  v a ria tio n s  in  th e  
p h en o ty p e  d is tr ib u tio n s  are ap p a ren t. W hile breeds p laced  a t  th e  head  o f th e  
ta b le  show v e ry  low  frequencies of — AA coupled  w ith  h igh  frequencies of 
— B B , th is  d isp ro p o rtio n  equalizes as we pass dow n th e  ta b le , an d  a t  th e  sam e 
tim e  th e  he te rozygous —AB p h en o ty p e  becom es p re d o m in a n t. In  th e  case of 
th e  H u n g arian  S p o tte d  b reed , —BB is th e  m ore f re q u e n t o f th e  tw o hom o
zygous p h en o ty p es , b u t  —AB shows th e  h ig h es t freq u en cy . S im ilar su b s ta n tia l 
d ifferences can be  seen in  th e  observed  gene frequencies fo r o th e r breeds. I t  
m ay  be concluded  from  th is  th a t  th e  ra tio s  o f th e  d iffe ren t phen o ty p es 
v a ry  betw een  b reed s , th e  d is tr ib u tio n  o f  p h en o ty p es  as w ell as th e  gene fre 
quency  values b e in g  ch a ra c te ris tic  o f each  in d iv id u a l b reed .

gene frequency values in Hungarian Spotted cattle

phenotypes Gene frequencies

—AB АС —ВС
I'SA LgB i.g®

X2 P

1 »/ /о % 1 %

77 63 — — — —

59.13 — — — 0.4025 0.5075 — ил 0.001

+  17.87 — — — —
43 53 — — — —

40.27 — — — — 0.4629 0.5371 — 0.3 0.50
+  2.73 — — — —

80 46.5 — — 1 0.5

82.49 — — 1.97 — 0.4210 0.5731 0.0059 0.67 0.30

- 2 .4 9 — — - 0 .9 7 —

58 47 — — — -

61.97 — — — — 0.5080 0.4920 — 1.03 0.30
- 6 .9 7 — — — —

27 54 — — — —

24.91 — — — — 0.5300 0.4700 — 0.33 0.50
+  2.09 — — — —

30 63 — — — —
28.71 — — — — 0.3958 0.6042 — 2.39 0.10

+  1.29 — — — —

315 52 — — 1 0.4

294.79 — — 0.47 — 0.4480 0.5512 0.0008 4.02 0.02
+  20.21 — — +  0.53 —
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T ab le  I I

Comparison o f /З-lactoglobulin polym orphisms of various cattle breeds

Breeds

No
. 

of
 a

ni
m

als Distribution of phenotypes Gene
frequencies

References—AA BB —AB
LgB

% % 0//0
LgA

Z ebu 137 2 1.4 113 82.6 22 16 0.09 0.91 B hattacharya  e t 
ah , 1963

R ed  D an ish 282 2 1 230 82 50 17 0.10 0.90 L a rsen  e t  ah , 
1966

A y rsh ire 178 7 5 108 60 63 35 0.22 0.78 Mâcha e t a h ,1968

Swiss Brown 24 2 10 13 54 9 36 0.27 0.73 K id d y  e t a h ,1965

P in zg au 148 22 15 76 31 50 34 0.32 0.68 Mâcha e t ah , 1968

H o ls te in —
F rie sian 963 173 18 300 31 490 51 0.43 0.57 Comberg  e t ah, 

1964

H u n g a ria n
S p o tted

S lovak ian

598 110 19 173 29 315 52 0.44 0.56 H orváth , p resen t 
paper

S p o tted 170 39 23 47 28 84 49 0.48 0.52 MÁCHAet ah , 1968

B lac k  and  W hite
D an ish 118 30 25 29 25 59 50 0.50 0.50 La r sen  e t ah , 

1966

D an ish  Jersey 142 37 25 31 25 74 50 0.42 0.58 L a rsen  e t  ah , 
1966

B ohem ian
S p o tted 611 169 28 164 27 to -O C

O 45 0.50 0.50 Mâcha e t  ah , 1968

SUM M ARY

The distribution o f different /З-lactoglobulin phenotypes and the frequencies o f alleles 
w ere exam ined in m ilk sam ples collected from  597 individuals in six  herds of Hungarian  
S p o tted  cattle. Four phenotypes were found: —BC, —AA, — B B  and — A B , in order of in 
creasing frequency. The — BC phenotype w as detected in the m ilk o f only one cow, so that 
w hile it  is clear that the Lgc allele occurs in  th is breed, the population exam ined was probably  
too  sm all for other com binations to be found. A comparison is m ade of these results w ith  data  
on th is polym orphism  reported in the literature for other breeds.
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ZUR BEWEGUNG DER SPOROZOITEN 
VON EIMERIA STIEDAI (PROTOZOA, SPOROZOA)*
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(Direktor: Prof. G. W o lf), Göttingen

(E ingegangen am  16. Novem ber 1971)

A usführliche B ew egungsstud ien  an  den im  a llgem einen  n u r  w enig M oti
l i t ä t  zeigenden Sporozoiten  d er K okzid ien  sind  tro tz  zah lre ich er, in  T abelle  I  
zu sam m en g este llte r E inze lb efu n d e  selten .

D oran , J a h n  und R in a l d i (1962) führten an E . acerruiina-Sporozoiten F ilm auf
nahm en durch und folgerten, daß als Bewegungsursache schraubenförmig über den Sporozoiten- 
körper hinweggleitende wellenförm ige K ontraktionen (»travelling helical waves«) in  Frage 
käm en. Diese H ypothese, die n icht ganz m it der ihr zugrundeliegenden m athem atischen  
Theorie übereinstim m te, konnte durch eine spätere Änderung der in  Frage kom m enden  
G leichungen derart bestätig t werden, »daß die hydrodynam ischen Theorien es diesen Organis
m en je tz t  gestatten , so zu schwim m en, w ie sie es tun« ( J a h n  und B o v e e , 1970). D ie bisher 
ausführlichsten Berichte über Sporozoitenbewegungen bei m eist bovinen K okzidien wurden  
im  R ahm en zytologischer Studien von  H a m m o nd , Ch obo ta r  und E r n st  (1968) sowie R o berts  
und H ammond  (1970) gegeben.

Im  allgem einen w erden sow ohl bei Sporozoiten  als a u c h  bei M erozoiten 
v ie r  B ew egungstypen  u n te rsch ied en , von denen drei in  d e r R egel zu  k e in e r 
O rtsv e rä n d e ru n g  des O rganism us fü h re n  (s. auch  T ab . I) . D ie  F o rtb ew eg u n g  
(»gliding«) w ird  als in u n reg e lm äß ig en  Z e itab s tän d en  s ta ttf in d e n d e s  ru ck - 
o d er s to ß a rtig  beginnendes u n d  lan g sam  auslaufendes G le iten  besch rieben , 
dessen  U rsache die bere its  e rw ä h n te n  » travelling  helical waves« sein sollen. Als 
B ew egungen  am  O rt gelten:

1. »probing«, S eitw ärtsbew egungen  und /o d er period ische  K o n tra k tio n e n  
d e r v o rd e rs ten  S pitze  des S porozo iten  bei sonst n ic h t bew eg tem  K ö rp e r 
(T astbew egungen);

2. »flexing«, B eugebew egungen , bei denen das Y o rd eren d e , m eist das 
v o rd e re  D ritte l des Sporozoiten  lan g sam  seitlich  bis zu 90° u n d  m eh r ab g eb eu g t 
w ird  u n d  schneller in  die N o rm allag e  z u rü ck k eh rt;

3. »pivoting«, P endelbew egungen  des ganzen S porozo iten  u m  einen  F ix 
p u n k t  an  seinem  H in te ren d e .

Ziel der vorliegenden  A rb e it w a r es, an  H an d  u m fan g re ich e r F ilm a u f
n a h m e n  u n d  D ire k tb e o b a c h tu n g en  von  E im eria  s tied a i-S porozo iten  eine 
ausfüh rliche  A nalyse der B ew eg u n g sty p en  dieser A rt zu  geben.

* Mit der U nterstützung der D eutschen  Forschungsgem einschaft.
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Tabelle I

Zusammenstellung der in der Literatur angegebenen Bewegungstypen von Sporozoiten

Kokzidienart Bewegungstyp Autor

Cocc. cuniculi K rü m m u n g en  und S treckungen , ru ck 
weise V orw ärtsbew egung, T astbew e
gungen  des V orderendes M et zn er  (1903)

E . cuniculi K rü m m u n g en  und  S treckungen , V or
w ärtsbew egung V. W a sie lew sk i (1904)

E. stiedai und 
E . falciform is

K rü m m en  und  S ichstrecken, ruck 
w eise Fortbew egung, D rehen  um  die 
L ängsachse und  V orw ärtsbew egung R e ic h  (1913)

E. necatrix b en d in g  (= fle x in g ), gliding T h y z zer , T h e il e r  und  
J ones (1932)

E. stiedae c o n tra c tin g  and tw isting  th e  body Sm eta n a  (1933)

E . bovis m o v in g  in a  spiral p a th ; flexing H amm ond , B owman, 
D avis und Simms (1946)

E . adenoides p ro b in g , p ivoting , gliding, curling and 
u n curling  (= fle x in g ? ) Cla rk so n  (1958)

E . meleagrimitis p ro b ing , p ivoting , gliding, curling and 
uncurling  (= fle x in g ? ) Cla rk so n  (1959)

E. stiedae u n d u la tin g  m ovem ent, gliding, bending R ose (1959)

E. acervulina m o v em en t is helical and  resem bles a 
corkscrew  boring its  own p a th

D oran , J ahn  und 
R in a l d i (1962)

E. bovis, ellipsoidalis, 
auburnensis

flex ing , gliding N y b er g  u n d  H ammond 
(1964)

E . debliecki p ro b ing , flexing, gliding V et t e r l in g  (1966)

E. nieschulzi fo rw ard  m ovem ent Marquardt (1966)

E . labbeana flex ing , elongating and  co n trac tin g  one 
end Srivastava  (1967)

E . bovis p ro b ing , flexing, p ivo ting , gliding F a y e r  u n d  H ammond 
(1967)

E . bilamellata flex ing , gliding T o d d , H ammond und  
A n d erso n  (1968)

E. bovis 
E. auburnensis

flex in g , gliding, probing (?) 
p rob ing , flexing, p ivo ting , gliding, 

ro ta tin g

H ammond , Chobotar 
u n d  E rnst (1968)

E. spec ., ninakohlyakimo-
vae prob ing , flexing, gliding, p ivoting

E . bovis, ellipsoidalis, 
auburnensis

prob ing , flexing, gliding R o berts  u n d  H ammond 
(1970)

M aterial und M ethodik

E . s tiedo i-S porozo iten  aus bis zu 8 W ochen  a lten  O ocysten  w urden  nach  
d er von  K r i e g  (1971) besch riebenen  M ethode gew onnen. D ie D irek tb eo b ach 
tu n g  erfolgte au f e inem  W ärm etisch  bei e tw a  39 °C im  h än g en d en  T ropfen  und
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im D eck g lasp räp ara t bei H ellfe ldbeleuch tung . Die F ilm au fn ah m en  w urden  am 
D eck g la sp räp ara t im M ikroskop-H eizschrank  n ach  H e u n e r t  (1962) bei e tw a 
36 °€  d u rch g e fü h rt. D ie A ufnahm en  erfo lg ten  m it e iner A skania-Z - K am era  
u n te r  V erw endung  eines Zeiss-W L-M ikroskops a u f  35 m m  N orm alfilm . 
Es w urden  P h a se n k o n tra s t-  u n d  D iffe re n tia l-In te rfe re n z k o n tra s tb e le u ch tu n g  
nach  N orm arsk i v e rw en d e t (O b jek tive : N eo flu ar u n d  P la n a c h ro m a t 100 u n d  
40 X ; F o to o k u la re  4 u n d  3,6 x). Die A ufnahm egeschw ind igkeit b e tru g  24 u n d  
60 B ilder pro  S ekunde. Die A usw ertung  der F ilm au fn ah m en  erfo lg te  bei bis zu 
3000 fâch er V erg rößerung .

Ergebnisse

D ie freien  S porozo iten  w aren  ca. 17 /x (1 6 ,6 ^ 1 ,5  /х; n =  11) lange u n d  
e tw a 5 /x (4 ,5 ± 0 ,7  /x; n =  11) dicke, b an an e n ä h n lich  erscheinende u n d  auch  so 
gebogene G ebilde m it einem  sehr fo rm v ariab len  V orderende u n d  einem  k o n 
s ta n t  le ich t ab g e ru n d e te n  h in te ren  E n d e .

Bei In te rfe ren z k o n tra s tb e le u c h tu n g  schien  das v o rd e rste  E n d e  des 
S porozoiten  aus einem  m e h r oder w eniger hom ogenen  Z y to p lasm a  zu bestehen . 
Es fo lg te  eine Zone, d ie s tä rk e re  G ran u la tio n en  e n th ie lt  u n d  in  deren  M itte  
sich eine n ahezu  k re isfö rm ige  V ertiefung  b efan d , deren  D urchm esser e tw a  der 
ha lben  D icke des S p o ro zo iten  en tsp rach . N ahezu  die ganze h in te re  H älfte  
w urde  von  dem  h y a lin a r tig  erscheinenden  re fra k tile n  (P a ran u c lear-, H yalin -) 
K ö rp er eingenom m en, a u f  den  bei einigen S porozo iten  noch  einm al eine h a lb 
kreisfö rm ig  e rscheinende hom ogen aussehende Z y to p lasm am asse  m it einem  
D urchm esser von 2 — 3 /t fo lg te  (A bb. la ) .

In  P h a se n k o n tra s tb e le u c h tu n g  ersch ien  das V orderende s te ts  dunkel. 
E in ze lh e iten  w aren  in  d e r Regel n ic h t zu e rk en n en . N u r in se ltenen  F ä llen  
zogen stre ifen fö rm ige , m e is t jedoch  n ic h t d e u tlic h  geform te G ebilde n ach  
h in ten . D er fo lgende Z ellte il zeigte eine oder zwei g rößere , au feinanderfo lgende, 
oft n ic h t ganz sch a rf  b eg ren z te  A ufhellungen  u n d  m ehrere  w ahllos v e rte ilte , 
e tw a 1/4 b is m ax im al 1 /x große, sehr dunk le  P u n k te , die auch  gelegentlich  in 
dem  a u f  den  re fra k tile n  K ö rp er folgenden Z y to p la sm a  v o rh an d en  w aren . D er 
re frak tile  K ö rp er s te llte  sich als e inheitlich  g rau  g e tö n te , sch a rf b eg renz te  
Masse d a r  (A bb. lb ) .

A u f der K ö rp ero b erfläch e  der Sporozoiten  w u rd en  bei H ellfe ldbeleuch
tu n g  v e re in ze lt d u n k le re  G ran u la  gesehen, die ih re  L age v e rä n d e rn  k o n n te n  
oder sich ab u n d  zu ganz  v o n  dem  S porozoiten  lö sten .

A lle im  fo lgenden  gesch ilderten  B ew egungen  erfo lg ten  sp o n ta n  u n d  
u n v o rh erseh b ar, ohne d a ß  ein b estim m tes B ew egungsm uste r e in g eh a lten  w o r
den w äre . N eben S p o rozo iten , die längere Z eit unbew eglich  lagen  u n d  d azw i
schen n u r  vere in ze lt B eugebew egungen  a u sfü h rte n , lagen  S porozoiten , die m it 
ku rzen  P au sen  fa s t u n u n te rb ro c h e n  in B ew egung w aren . Sporozoiten , die aus
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frisch  sp o ru lie rten  O o cy sten  s ta m m te n , zeig ten  o ft eine höhere  B ew egungs
in te n s i tä t  als S porozoiten  aus ä lte ren  O o cy sten k u ltu ren  bzw . aus S p orozysten , 
die n a c h  dem  Z erm örsern  längere  Z e it im  K ü h lsc h ra n k  gelegen h a tte n . D as 
g leiche w a r der F all, w en n  die fre ien  Sporozo iten  einige Z eit g e lag e rt w orden  
w aren .

D a  die fü r die e inzelnen  B ew egungsab läufe  gem essenen W ege u n d  Z e it
sp a n n e n  sehr u n te rsch ied lich  w aren , is t eine A ngabe von M itte lw erten  n u r  in 
w en ig en  F ällen  oder a b e r  fü r  T e ils treck en  m öglich. E rsch w eren d  a u f die

Abb. 1. a, Sporozoiten in D ifferential-Interferenzkontrastbeleuchtung nach Normarski; 
b , Sporozoiten in  Phaseukontrastbeleuchtung

B eo b ach tu n g en  u n d  A u sw ertu n g  d e r F ilm au fn ah m en  w irk te  sich  die T a tsach e  
au s , d a ß  alle B ew egungsab läufe  f a s t  s te ts  d re id im ensional v e rfo lg t w erden 
m u ß te n .

D ie am  h ä u fig s te n  a u ftre te n d e n  u n d  am  m eisten  ins A uge fa llenden  
B ew eg u n g sty p en  w aren  G leit- u n d  B eugebew egungen.

1. Gleitbetvegungen (A bb. 2 u n d  3)

O rtsv e rän d e ru n g en  der P a ra s ite n  w urden  d u rch  bei d ire k te r  B eo b ach 
tu n g  scheinbar schnell beg innende u n d  sich a llm äh lich  v e rlan g sam en d e  glei
te n d e , s toß artig e  B ew egungen  vollzogen , bei denen  u n te rsch ied lich e  W eg
s tre c k e n  zurückgeleg t w urden . D ie einzelnen B ew egungsstöße, die in u n reg e l
m äß ig en  Z e itab s tän d en  erfo lg ten , w aren  d u rch  m eh r oder w eniger lange L iege
p a u se n , in denen m eistens B eugebew egungen  d u rch g e fü h rt w u rd en , u n te r 
b ro c h e n .
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Im  V erlau f e iner G le itbew egung än d e rte  sich die F o rm  des S porozoiten- 
v o rd e ren d es, das sow ohl zu g esp itz t als auch  a b g e s tu m p ft sein k o n n te , n u r  
se lte n ; ein einziges M al k o n n te  w ä h re n d  eines ru h ig en  G le itens ein g leich
zeitiges »probing« b e o b a c h te t w erden .

Abb. 2. Form und Länge der W egstrecken sowie Teilgeschwindigkeiten vor- und rückwärts
gleitender Sporozoiten

B ei der A nalyse d er F ilm au fn ah m en  erwies sich d e r  v isuelle  E in d ru ck  
e in er schnell b eg innenden  u n d  lan g sam  auslau fenden  B ew egung  als T äuschung . 
W ie aus T ab . I I  e rs ich tlich , beg an n en  die Sporozoiten  e n tw e d e r schnell o d e r 
lan g sam  sich zu bew egen, ste ig e rten  u . U . ih re  G eschw indigkeit oder v e rlan g 
sa m te n  sie streckenw eise u n d  h ö rte n , o hne  a u f  ein H in d ern is  zu  s toßen , a b ru p t 
o d er a llm äh lich  m it dem  G leiten  au f. D ie höchste  gem essene T eilgeschw indig
k e it  b e tru g  au f e iner W eglänge von  1,4 /j, 86 /^/Sekunde. A ls d u rch sch n ittlich e , 
»norm ale« G eschw indigkeit, die auch  ü b e r  längere W eg streck en  e rz ie lt w u rd e , 
k ö n n en  9 —15 ^ /S ek u n d e  angenom m en w erden . E ine u n te re  G eschw ind igkeits
g renze schien n ic h t zu  ex istie ren . N eb en  einem  k o n tin u ie rlich en  G leiten  ü b e r 
k ü rze re  oder längere  S trecken  k am  es au ch  vo r, daß  g rößere  S treck en  in  e in 
ze lnen  B ew egungsstößen  zu rückge leg t w urden , zw ischen denen m in im ale 
P a u se n  von  1 — 5 x 0 ,0 4 2  S ekunden  ( = 1  — 5 E inzelb ilder) e inge leg t w u rd en .
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Tabelle II
Beispiele für Wegstrecken und Teilgeschwindigkeiten einzelner Sporozoiten

Prot. Nr. 9a 9b 10a 15a

Bild Nr.
von—bis

Zeit in 
Sek. 

E t

Weg in 

As

Teil- 
geschw. 
ß l  Sek. 

Av

Bild Nr. 
von—bis

Zeit in 
Sek. 
E t

Weg in 
M 
As

Teil-
geschw. 
u./Sek. 

Av

Bild Nr. 
von—bis

Zeit in 
Sek. 
E t

Weg in 
As

Teil-
geschw.
ju/Sek.

Av

Bild Nr. 
von—bis

Zeit in 
Sek. 
E t

Weg in
(X

As

Teil-
geschw.

Sek.
Av

vorwärts vorwärts vorwärts vorwärts
1 -  10 0.4 2,3 5,6 6 1 0 -6 2 0 0,4 8.4 20,1 290 295 0,2 1,8 9,0 0 -  10 0,4 2,5 6 ,i

20 0,8 4,0 10,0 30 0,8 1,9 4,7 300 0,4 3,3 16,6 30 1,3 4,7 5,7
30 1.3 3,0 6,6 40 1,3 1,7 4,0 5 0,6 1,8 9,0 40 1,7 6,5 15,5
40 1 7 3,3 8,0 50 1,7 1,2 2,9 8 0,75 3,6 24,0 50 2.1 4,7 11,5
50 2,1 2,2 5,3 60 2,1 4,5 11,0 10 0,8 3 4 68,0 60 2,5 6,1 14.4
60 2,5 2,9 7,0 70 2,5 3,5 8,4 12 0,9 3,1 31,0 70 2,9 5,7 13,5
70 2,9 3,3 8,0 80 2,9 2,2 5,3 14 1,0 3,4 34,0 80 3,3 5,7 14.0
80 3,3 2,7 6,5 700 3,8 2,5 3.9 20 1,3 1,3 5,2 90 3,8 3,5 8,6
90 3,8 2,8 6,9 10 4,2 2,6 6,2 100 4,2 2,2 5,3

100 4,2 2,6 6.1 20 4,6 2,5 6,0 20 5,0 1.3 1.6
110 4,6 1,5 3.5 40 5,4 3,8 4.6 rückwärts 25 5,2 6,8 32.4

50 5.8 3.4 8,2 3 6 5 -3 8 0 0,6 2,5 4,2 35 5,6 2,5 6.2
rückwärts 60 6,3 3.9 9.3 90 1,1 1,9 3,8 40 5,8 4.0 18.3

250 260 0,4 5,3 12,7 70 6,7 2,8 6,7 400 1,5 1,7 4,3 45 6,0 3,4 17,2
70 0.8 2,8 6,8 80 7,1 2,5 6.1 10 1,9 1,3 3,3 64 6,8 1,5 1.8
80 1,3 2,8 6,7 90 7,5 2,7 6,9 30 2,7 3.4 4,3 70 7,1 2,5 10,2
90 1,7 5,0 1 L.9 800 7.9 1.6 4.0 40 3,1 2,6 6,5 80 7,5 2,0 4,7

300 2.1 6,7 16,4 55 3.8 1.9 2,7 200 8,3 2,4 2,8
10 2.5 1,5 3,6 20 9,2 1,9 2,3

25 9,4 3,9 17.6
2. Sporozoit: rückwärts Alle Werte wurden auf 2 Dezimalen berechnet 50 10,4 1,0 1,0

280 — 290 0,4 2,6 6.2 und auf 1 Dezimale auf- bzw. abgerundet 70 11,3 1,1 1,2
300 0,8 1,1 2,7 75 11,5 6,2 30,8

10 1,3 2,1 4,9 80 11,7 4.8 24,1
20 1,7 3,3 8,0 85 11,9 3,5 17.2
25 1,9 3,8 18.1 90 12,1 3,2 16.1
30 2,1 3,2 15,2 95 12,3 2,9 14.7
40 2,5 6,5 15,5 300 12,5 5,8 29,0
50 2,9 6,7 15,9 5 12,7 3,2 15,9
55 3,1 3,3 16,7 10 12,9 3,8 19.0
60 3,3 3,0 13,5 15 13,1 3,3 16,6

20 13,3 3,4 17,2
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D ie ohne eine P a u se  zu rückgeleg ten  W egstrecken  sch w an k ten  von 1,4 bis 
m ind esten s 62,8 /л (d e r  Sporozoit v ersch w an d  h ier aus dem  G esichtsfeld), in  
d er R egel w aren sie je d o c h  n ic h t län g er als die K ö rp erlän g e  der Sporozoiten .

Die F orm  d er B ew egungsbahnen  v a r iie r te  s ta rk . N ahezu  g estreck t lie 
gende Sporozoiten  g li t te n  m eist gerad lin ig  v o rw ärts , w äh ren d  le ich t gebogene 
Sporozoiten  eher en tsp rech en d  d er B eugung ih re r K örp erach se  kreis-, und  
S-förm igen  oder e llip tischen  B ahnen fo lg ten . D urch  zusä tz liche , sich m ehr 
oder w eniger schnell d reh en d e  (»schlängelnde«) B ew egungen des V orderendes

10p

Abb. 3. Vorwärtsgleiten von  Sporozoiten kom biniert m it Rotationsbewegungen

k o n n te n  diese B ah n en  ko rkenz ieherähn liche  F o rm en  annehm en . Insbesondere  
bei le tz te re n  B ew egungslin ien , teilw eise jed o ch  auch  hei d er gerad lin igen  F o r t 
bew egung, ergab die F ilm an a ly se  eine zu sä tz liche  D rehbew egung  des Sporo
zo iten  u m  seine L än g sach se  (»Rollen«) (A bb. 3). E s w ar n ic h t im m er e indeu tig  
zu en tscheiden , in w elcher R ich tu n g  dieses R ollen  au sg e fü h rt w urde, es schien 
jed o ch  so, als ob k eine  R ich tu n g  b ev o rzu g t w ürde . Bei u n g estö rtem , langsam em  
G leiten  w urde des ö fte re n  im  V erlau f e iner W egstrecke, die e tw a  der K ö rp e r
länge des Sporozoiten  en tsp rach , eine d e ra rtig e  D rehbew egung  um  fa s t 180° 
au sg efü h rt. V ereinzelt w a r  eine R o ta tio n  der S porozo iten  u m  ih re  L ängsachse, 
m eist u n m itte lb a r  n a c h  d er E x c y s ta tio n , zu  b e o b a c h te n , ohne daß  es gleich
zeitig  zu  einer O r tsv e rä n d e ru n g  kam .

G elegentlich w u rd e  die eingeschlagene R ic h tu n g  w äh ren d  des G leitens 
d u rch  schnellere, pe itsch en sch lag äh n lich e  B ew egungen (eine W endung  um  ca. 
90° in  k n ap p  0,2 S ek u n d en ), die n u r  von d er v o rd e ren  H ä lfte  des Sporozoiten
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a u sg e fü h rt w urden , sp o n ta n  g eän d e rt. In  einigen Fällen  fü h rte n  Sporozoiten  
d e ra r tig e  »peitschende« Bew egungen ohne  V orw ärtsbew egung  oder u n m itte lb a r  
im A nsch luß  an eine G leitbew egung d u rch , wobei sie sich g leichzeitig  m it 
ih re m  H in te ren d e  an  e iner U n te rlag e  fes tzu h eften  schienen.

N eben V orw ärtsbew egungen  w u rd en  von versch iedenen  S porozoiten  
a u c h  R ückw ärtsbew egungen  d u rc h g e fü h rt, die fa s t s te ts  gerad lin ig  erfo lg ten . 
Sie b eg an n en  en tw ed er bei frei liegenden  Sporozoiten  sp o n ta n  im  A nsch luß  an 
e in e  R uhepause  nach  einem  V o rw ärtsg le iten  oder en tw ick e lten  sich aus einer 
V orw ärtsbew egung , die d u rch  ein A u ftre ffen  au f ein H in d e rn is  ab g eb rem st 
w u rd e . In  le tz te ren  F ä llen  k o n n te  ge legen tlich  ein m ehrfaches Z urückw eichen  
u n d  Vorw ärts-» schießen« b e o b a c h te t w erden , als ob d er S porozo it versuche, 
d u rc h  w iederholtes (bis zu sechsm al b eobach te tes) »A nlaufnehm en« das 
H in d e rn is  zu ü b erw inden . V ere inzelt fü h rte  der S porozo it dabei n ach  dem  
A b b rem sen  und  v o r dem  Rückw’ä rtsg le ite n  noch einm al einen  k u rzen  aber 
k rä f tig e n  N achstoß  aus. D ie R ü ck w ärtsb ew eg u n g  erfo lg te  sow ohl lan g sam er 
a ls  au c h  schneller als d ie  V o rw ärtsbew egung  u n d  w urde  v e re in ze lt au ch  m it 
R o llbew egungen  k o m b in ie rt.

2. Beugebeivegungen

Im  V erlaufe d ieser B ew egung t r a te n  deu tliche F o rm v erän d e ru n g en  des 
V orderendes der Sporozo iten  auf. D as im  R u h ezu stan d  le ich t ab g e ru n d e te  V or
d e r te il  s tu m p fte  w e ite r ab  u n d  b eg an n  sich in R ich tu n g  d er k le inen  K u rv a tu r  
des Sporozoiten  e inzuro llen . D ie B ew egung griff ansch ließend  a u f  im m er 
w e ite re  Teile der v o rd e ren  H ä lfte  des P a ra s ite n  über, b is diese sch ließ lich  eine 
d e u tlic h e  A bw eichung gegenüber d er R u h elag e  aufw ies. D as A bkn icken  erfo lg te  
in  u n te rsch ied lichem  M aße u n d  an  versch iedenen  S tellen  des V orderendes, 
je d o c h  fa s t im m er v o r d er S telle , an  d e r der re frak tile  K ö rp e r b egann . In  einem  
e inzigen  F alle  k o n n te  bei einem  S p o rozo iten , bei dem  d er re fra k tile  K ö rp e r 
d u rc h  30-m inütiges Z en trifu g ie ren  bei m eh r als 200 000 g  n ach  vo rn e  v e rla g e rt 
w a r , b eo b ach te t w erden , wie bei e in er B eugebew egung au ch  dieser ab g ek n ick t 
w u rd e .

D er m ax im ale  B eugungsw inkel b e tru g  m ehr als 180°, doch  w u rd e  diese 
S te llu n g  n u r bei w enigen S porozo iten  b eo b ach te t. A uch  das E in ro llen  des V or
d e ren d es erfolgte, wie bere its  e rw ä h n t, in  u n te rsch ied lichem  M aße, so d aß  neben  
p lu m p e n , au f den e rs ten  B lick  n u r  s ta rk  k o n tra h ie r t w irk en d en  F o rm en  auch  
S porozo iten  b e o b a c h te t w u rd en , d ie  eine w irklich  U -förm ige G esta lt m it  zwei 
d e u tlic h  ausgeb ildeten  Schenkeln  eingenom m en h a tte n  (A bb. 4).

D ie e rre ich te  B eugeste llung  w u rd e  in  der R egel einen k u rzen  M om ent 
(1 — 2 Sekunden) lan g  e in b eh a lten , w obei, insbesondere bei längerem  V erh arren  
in  d iesem  Z u stan d  (m ax im al 5 S ek u n d en  b eo b ach te t) , d e r E in d ru c k  e n ts ta n d , 
a ls ob sich der S porozoit vergeb lich  bem ü h e , eine noch  s tä rk e re  A bbeu g u n g  zu
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erre ichen . D as ansch ließende S treck en  erfo lg te  schneller, a llm äh lich  oder d e u t
lich  ru c k a r tig  beg innend .

D ie fü r  eine B eugebew egung b e n ö tig te n  Zeiten  v a r iie r te n  s ta rk . F ü r  das 
A bbeugen  w urden  3 bis m ax im al 17 S ekunden  gem essen, w äh ren d  das E n t 
sp an n en  in  1,5 bis e tw a  7 S ekunden  erfo lg te . D ie von  einem  S porozo iten  fü r  
B eugen  u n d  S trecken  b e n ö tig ten  Z e itsp an n en  v e rh ie lten  sich  dabei in  d er 
R egel e tw a  wie 3 : 1 bis 2 : 1.

Abb. 4. Beugebewegungen zweier Sporozoiten. Obere Reihe: Geringfügige Lageveränderung  
während des Abbeugens durch Ström ungsbewegungen; untere Reihe: Durch eine Streck
bewegung des Hinterendes deutlicher W echsel der Bewegungsrichtung des vorherigen und

nachfolgenden Gleitens

Im  A nschluß  an  eine B eugebew egung  folgte en tw ed er eine R u h ep au se  
oder eine G leit-, T as t-  oder e rn eu te  B eugebew egung. U n m itte lb a r  au fe in an d er 
folgendes B eugen w urde  en tw eder o h n e  ein vo llständ iges S treck en  aus einer 
noch  le ic h t abgebeug ten  H a ltu n g  oder aus einem  schon fa s t  als T astb ew eg u n g  
(s. u n te n )  zu  d eu ten d en  S trecken  d er v o rd e rs te n  S porozo itensp itze  en tw icke lt. 
E in m a l k o n n te  ein Sporozoit b e o b a c h te t w erden, der in n e rh a lb  von  k n ap p  4 
M inu ten  14 B eugebew egungen h in te re in a n d e r  ohne s ich tb a re  P au se  d u rc h 
fü h rte .

N orm alerw eise w urden  die B eugebew egungen  von  frei schw im m enden 
oder m it dem  H in te ren d e  fests itzen d en  Sporozoiten  d u rc h g e fü h rt, w obei dieses 
seine L age kaum  v e rä n d e rte . G anz se lten  konn te  jed o ch  auch  b e o b a c h te t 
w erden, wie ein Sporozoit, m it o ffensich tlich  fix iertem  V orderende  sein H in 
te ren d e  m it dem  re frak tilen  K ö rp er n a c h  vorne um  ca. 90° ab b eu g te . In  einem  
E inzelfa ll w urde gesehen, w ie ein S p o ro zo it im  A nschluß an  eine G leitbew egung
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das V orderende ganz n o rm a l beug te , d a n n  jed o ch  p lö tz lich  n ic h t dieses, sondern  
sein H in te ren d e  s tre c k te  u n d  in der a u f  diese W eise u m  e tw a 90° verschobenen  
R ic h tu n g  d av o n g litt (A b b . 4, u n te re r  Sporozo it). E ine  län g ere  G leitbew egung 
in  g eb eu g te r H a ltu n g  k o n n te  n u r ganz ausnahm sw eise  u n d  d an n  n u r  au f K re is
b a h n e n  festg este llt w erd en .

3. Tastbewegungen

Bei in der R eg e l ru h ig  liegenden S porozo iten  w aren  diese B ew egungen 
led ig lich  auf das V o rd e ren d e  b esch rän k t. Die norm alerw eise  le ich t ab gerunde te  
v o rd e rs te  Spitze d e r S porozo iten  v e rlä n g e rte  sich d eu tlich  u m  etw a  2 — 3 /j, u n d  
n a h m  im  E x trem fa ll e ine  le ich t rüsselförm ige G es ta lt an. E n tw e d e r w urde diese 
S p itze  d a rau fh in  w ied e r zu rückgeb ilde t, so d aß  d er E in d ru c k  eines S treckens 
m it  d a rau ffo lgender K o n tra k tio n  e n ts ta n d , oder sie fü h r te  se itliche, m anchm al 
so g ar kreisförm ige » tastende«  B ew egungen m it e iner A m p litu d e  von etw a 3 ц  
au s. D ie ty p isc h s te n  B ild e r w aren  d ab e i zu sehen , w enn  sich  diese S pitze  
en tg eg en  der n o rm alerw eise  v o rh an d en en  B eu g erich tu n g  des Sporozoiten  
k rü m m te , so daß  d ie se r eine le ich t S-förm ige G esta lt a n n a h m  (A bb. la ) .

D ie D auer e in e r  so lchen T astb ew eg u n g  sch w an k te  je  n ach  der In te n s i tä t  
d e r Suchbew egungen  d e r  au sg estreck ten  S pitze  von  re ich lich  1 Sekunde bis zu  
k n a p p  5 S ekunden , w o b ei jedoch  die A bgrenzung  zw ischen dem  R u h ezu stan d  
u n d  dem  B eginn bzw . E n d e  der B ew egung n ic h t im m er e inw andfre i zu ziehen 
w ar.

T astbew egungen  w u rd en  in  d er R egel n u r  ein- b is zw eim al zw ischen 
a n d e re n  B ew eg u n g sarten  d u rch g e fü h rt. E in  dreim aliges h in te re in an d e r d u rc h 
g e fü h rte s  S trecken  u n d  K o n trah ie ren  d er S pitze  w a r b e re its  eine S eltenheit. 
A m  häu fig sten  sch lo ß  sich das T a s te n  an  B eugebew egungen  an  bzw. g ing 
k o n tin u ie rlich  aus d iesen  hervo r u n d  in  sie ü b er, so d aß  auch  h ie r eine A b 
g ren zu n g  n ich t le ic h t w ar. Ganz v e re in ze lt k o n n te n  T astbew egungen  w äh ren d  
lan g sa m e r G le itbew egungen  gesehen w erd en , e tw as m eh r w urden  sie von ru h ig  
daliegenden  oder e v e n tu e ll m it ih rem  H in te re n d e  fe s tg eh e fte ten  Sporozoiten  
au sg e fü h rt. W ie d e rh o lt w urde b e o b a c h te t, wie zwei n eb en e in an d er liegende 
S porozo iten  w echselse itig  an e in an d er v o rw ärts  u n d  rü c k w ä rts  g litten  u n d , 
w enn  sie sich »vorne« befanden , eine T astb ew eg u n g  a u sfü h rte n  (Abb. lb ) .

4. Pendelbewegungen

D ieser B ew eg u n g sty p , der die m e is ten  V aria tio n sm ö g lich k e iten  aufw ies, 
w u rd e  in  seiner au sg e p rä g te s te n  F o rm  bei frisch  e x cy s tie rten  Sporozoiten  n u r  
se lten  gesehen, w a r je d o c h  bei S porozo iten , die n a c h  d er E x c y s ta tio n  24 —48 
S tu n d e n  in physio lo g isch er K ochsalzlösung  im  K ü h lsc h ra n k  gelagert w orden  
w aren , häufiger. D a  d ie  B ew egungen in  d er überw iegenden  M ehrzahl der F ä lle
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sen k rech t zur B eo b ach tu n g seb en e  verliefen , lagen  infolge d er d am it v e rb u n 
denen T iefenschärfeschw ankungen  keine au sw ertb a ren  F ilm au fn ah m en  vor. 
Alle b e rich te ten  D a ten  b e ru h en  n u r  a u f  D irek tb eo b ach tu n g .

U nbed ing te  V orau sse tzu n g  fü r  die P endelbew egungen  w ar s te ts  das A n 
heften  der Sporozoiten  m it ih rem  H in te ren d e  a u f  e iner U n terlage . In  den 
ty p isch s ten  F ällen  fü h rte  der S porozo it d an n  m it einem  s te ts  gestreck ten  V o r
derende, das dem  g es treck ten  V orderende  bei den  T astb ew eg u n g en  äh n e lte , 
langsam  kreisende B ew egungen aus. D er D urchm esser des von  seiner äu ß e rs ten  
S pitze  beschriebenen  K reises sch w an k te  von  w enigen /z, die e tw a  der D icke des 
S porozoiten  en tsp rach en , bis zu einem  R ad iu s , der der L änge des S porozoiten  
en tsp rach , w enn d ieser die B ew egung in  der B eo b ach tu n g seb en e  ( =  A n h ef
tungsebene) au sfü h rte . In  diesen F ä llen  k o n n ten  jed o ch  nie volle K reise, sondern  
höchstens an g en äh erte  H a lb k re ise  der S porozo itensp itze  b e o b a c h te t w erden , 
w ährend  bei k leineren  R ad ien  ö fte rs  2 — 3 volle K reisbew egungen  au sg efü h rt 
w urden . In  w eniger au sg ep räg ten  F ä llen  schienen die v o n  fes tg eh efte ten  
Sporozoiten  au sg efü h rten  B ew egungen reine P ende lbew egungen  m it u n te r 
sch ied licher A m p litu d e  in  e iner E b en e  zu sein oder den b e re its  beim  G leiten  
besch riebenen  p e itsch en sch lag äh n lich en  B ew egungen zu  g leichen, bzw . sich 
aus den G leit- u n d  g leichzeitig  sch längelnden  B ew egungen des Sporozoiten- 
vorderendes du rch  p lö tzliches F es tse tzen  m it dem  H in te re n d e  zu en tw ickeln .

U n terb ro ch en  w u rd en  die P endelbew egungen  d u rch  m eh r oder w eniger 
lange R uh ep au sen , in denen  gelegen tlich  Beuge- oder T astb ew eg u n g en  au sg e
fü h r t  w urden.

E tw a  80%  d er in  ty p isc h e r  W eise a u sg e fü h rten  K reisbew egungen  e r
fo lg ten  in  einer R ic h tu n g  en tgegen  dem  U hrzeigersinn , vom  H in te ren d e  des 
S porozoiten  aus n ach  vo rne  gesehen.

F ü r  die Z e itd au e r des A nh eften s können  so g u t w ie keine A ngaben  
gem ach t w erden . W urde es als U n te rb re c h u n g  einer G leitbew egung  au sg efü h rt, 
so b e tru g  die M indestze it e tw a  %  S ekunde, bei län g er ru h ig  liegenden  S poro 
zo iten  k o n n te  n ic h t im m er e inw andfre i en tsch ieden  w erden , ob sie noch  an g e
h e fte t w aren  oder n ich t.

W ie bere its  oben  an g e d e u te t, w ar in  keinem  F a ll ein ty p isch es  B ew egungs
m u ste r d er S porozoiten  zu b em erk en . G leitbew egungen w echselten  m it B eugen  
ab , gingen vere inze lt in  P endelbew egungen  ü b er oder en tw ick e lten  sich, z .T . 
s to ß a rtig , aus B eugebew egungen. M it ziem licher Z u v erlässig k e it zeig ten  sich 
h äu figer beugende S porozo iten  zw ischen den  einzelnen B eugebew egungen  auch  
T astbew egungen , w äh ren d  sich  G leit- u n d  gleichzeitige T astbew egungen  fa s t  
im m er ausschlossen. P endelbew egungen  k o n n te n  m it B euge- u n d  T astb ew eg u n 
gen k o m b in ie rt w erden , R o llbew egungen  w urden  im  » R uhezustand«  oder 
w ährend  des G leitens d u rch g e fü h rt. Zw ischen allen E inzelbew egungen  k o n n te n  
jed e rze it beliebig lange bzw . au ch  n u r  ä u ß e rs t kurze  R u h ep au sen  eingelegt 
w erden.
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Bei einer S porozo itensuspension , deren  B ew eg u n g sin ten s itä t als m itte l
m äß ig  bezeichnet w erd en  k o n n te , zeig ten  von  139 frisch ex c y s tie rte n  In d iv id u en , 
d ie jew eils 3 M inu ten  la n g  b e o b a c h te t w u rd en , 36 S porozo iten  n u r  B eugebe
w egungen , 12 n u r  G le itbew egungen  u n d  34 sow ohl B euge- als au ch  G le it
bew egungen . T yp isch e  P endelbew egungen  w u rd en  n ic h t au sg e fü h rt. D ie n u r  
m it  O lim m ersion u n d  bei in ten s iv e r B eo b ach tu n g  g u t w ah rn e h m b a ren  T a s t 
bew egungen  w urden  n ic h t  re g is trie rt.

Diskussion

Die lich tm ik ro sk o p isch  w ah rn eh m b aren  E in ze lh e iten  der Sporozoiten  
g e s ta tte n  n u r w enig  R ücksch lüsse  a u f ih re  O rgan isa tion . V erm u tlich  b e fin d e t 
s ich  an  der S telle d e r  bei In te rfe re n z k o n tra s tb e le u c h tu n g  w ah rn eh m b aren  
V ertie fu n g  der K e rn , w äh ren d  alle ü b rig en , von  e lek tro n en m ik ro sk o p isch en  
U n te rsu ch u n g en  an  a n d e ren  A rten  h er b e k a n n te n  S tru k tu re n  insbesondere bei 
P h a se n k o n tra s tb e le u c h tu n g  n u r u n d e u tlic h  s ich tb a r w aren . Die im  A nschluß 
an  den re frak tilen  K ö rp e r  bei einigen S porozo iten  fe s tg es te llte  Z y to p la sm a
m asse  d ü rfte  d u rch  eine V ersch iebung desselben w äh ren d  der E x c y s ta tio n  
n a c h  vorne an  diese S te lle  ge lang t sein.

B ereits in  dem  a lle re rs ten  ü b e r Sporozo itenbew egungen  vorliegenden  
B e ric h t, der au f B eo b ach tu n g en  an  E . s tiedai-S porozo iten  b e ru h t (Me t z n e r , 
1903), w erden T a s t- , B euge- u n d  G leitbew egungen  e rw ä h n t. T ro tz  zah lre icher 
w e ite re r B eo b ach tu n g en  an  den  versch ied en sten  K o k z id ien a rten  w erden jed o ch  
e r s t  von  Cl a r k s o n  (1958) bei E . adenoides alle 4 B ew eg u n sty p en  d er Sporozoi
te n  kurz  beschrieben . A uch  in  den fo lgenden  Ja h re n  w ird  die Pendelbew egung  
n u r  zw eim al ( F a y e r  u n d  H a m m o n d , 1967; H a m m o n d , Ch o b o t a r  u n d  E r n s t ,
1968) erw ähn t, ohne d aß  d abei n ä h e r a u f  sie eingegangen  w ird . Ü b er R o ta tio n s 
bew egungen w ird  n u r  von  R e ic h  (1913) fü r  E . stiedai u n d  E . fa lc ifo rm is  sowie 
v o n  H a m m o n d , Ch o b o t a r  u n d  E r n s t  (1968) fü r  E . auburnensis  b e rich te t, 
b e id e  Male sind sie m it e iner G leitbew egung k o m b in ie rt.

Bei E . s tiedai-S porozo iten  k o n n te n  je tz t  alle in d er L ite ra tu r  b esch rie 
b en en  B ew egungstypen  gefunden  w erd en : G leit-, B euge-, T ast- , R o ta tio n s 
u n d  Pendelbew egungen , w obei das G leiten  sowohl vo r- als auch  rü ck w ärts  
erfo lg te.

Bei der F ilm a n a ly se  der G leitbew egungen  k o n n te n  se lb st bei den A uf
nahm eg esch w in d ig k e iten  von 60 B ild ern /S ekunde  k eine  m orphologischen  
H inw eise au f die v o n  D o r a n , J a h n  u n d  R i n a l d i  (1962) sowie J a h n  u n d  
B o v e e  (1970) p o s tu lie r te n  sch raubenfö rm igen  W ellen gefunden  w erden . D as 
R ü ck w ärtsg le iten  k ö n n te  in  einigen F ä llen  als m echan isches A nstoßen  an 
ein H indern is g e d e u te t w erden . D och lä ß t  sich aus d e r T a tsach e , daß  n ic h t 
jed es  m echanische A bbrem sen  der S porozoiten  zu e iner R ückw ärtsbew egung
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fü h r t  sow ie d aß  R ückw ärtsbew egungen  sow ohl aus der R uhelage h e rau s  e r
fo lg ten  als auch  teilw eise höhere G eschw ind igkeiten  als die V orw ärtsbew egung  
aufw iesen , schließen, d aß  es sich in  je d e m  F a ll um  ein ak tiv es  G leiten  h an d e ln  
m uß . In w iew eit die B ew egungsbahnen , insbesondere das häu fig  au ch  in  der 
L ite ra tu r  erw äh n te  k o rk en z ieh era rtig e  G leiten  d u rch  eine K o m b in a tio n  der 
V o rw ärts- ur.d  R o ta tionsbew egungen  Z ustandekom m en, m uß  vo rläu fig  o ffen
gelassen w erden , da  be i den gleichen B ew egungsbahnen  u n te rsch ied lich er 
S porozo iten  eine R o ta tio n  sowohl v o rh a n d e n  w ar als auch  n ich t. D es w eite ren  
k an n  v e rm u tlic h  e rs t au fg rund  w e ite re r  U n te rsu ch u n g en  an  an d eren  K o k z i
d ie n a rte n  gesagt w erden , ob die b eo b a c h te ten  pe itsch en sch lag äh n lich en , 
d rehend-w endenden  Bew egungen des S porozo itenvorderendes als ein e igener 
B ew egungstyp  au fg e faß t w erden m ü ssen , oder ob es sich h ie r led ig lich  u m  
eine r ic h tu n g sä n d e rn d e  M odifikation  d e r G leitbew egung h an d e lt.

Ü b e r abso lu te  G eschw ind igkeiten  v o n  Sporozo iten  w urde  b ish e r n och  
n ich t b e r ic h te t. D ie d u rch g efü h rten  U n te rsu ch u n g en  ergaben , d aß  die S p o ro 
zo iten  keine , auch n ic h t in nerha lb  e in e r G leitbew egung, e inhe itliche  G e
sch w in d ig k e it b esitzen , sondern  d aß  d iese  seh r s ta rk  v ariie ren  k an n . E in e  bei 
d ire k te r  B eo b ach tu n g  ko n tin u ie rlich  au sseh en d e  B ew egung k an n  sich  u . U . aus 
m ehreren  d u rch  sehr k u rze  P ausen  u n te rb ro c h e n en  T eilbew egungen zu sam m en 
setzen , die i r f d g e  d e r T räg h e it der N e tz h a u t fü r  den B eo b ach te r zu einem  
e in h e itlichen  B ew egungsab lauf verschm elzen .

Cl a r k s o n  (1958) b e rich te t bei E . adenoides ü b e r W egstrecken  von  5- b is 
6 -facher K ö rp erlän g e , die beim  G le iten  zu rückgeleg t w erden . R o b e r t s  u n d  
H a m m o n d  (1970) m aßen  bei E . e llipso idalis  u n d  E . ninakohlyakim ovae  E n t 
fe rn u n g en  von  einigen bis über 100 p . E . s iiedai-S porozoiten  leg ten  in  d er 
M ehrzahl d e r F älle  k a u m  m ehr als 10 b is 20 p  zu rück , k o n n ten  ab er au ch  m e h r 
als 60 p  w e it ohne U n te rb rech u n g  g le iten .

N ach  den U n te rsu ch u n g en  von  H a m m o n d , Ch o b o t a r  u n d  E r n s t  (1968) 
bzw . R o b e r t s  u n d  H a m m o n d  (1970) sc h e in t die F o rm v a ria b ilitä t des S p o ro 
zo iten v o rd eren d es je  n a c h  A rt v ersch ied en  zu  sein. E . auburnensis bzw . E . 
ellipsoidalis  erw iesen sich  dabei als w esen tlich  v a riab le r als E . bovis bzw . E . 
ninakohlyakim ovae. E . stiedai-S porozo iten  scheinen in  d ieser B eziehung m eh r 
E . auburnensis  und  E . ellipsoidalis zu  äh n e ln , es w urden  e tw a  die g leichen, 
bei H a m m o n d , Ch o b o t a r  und  E r n s t  (1968) b e re its  abgeb ildeten  F o rm en  
gefunden.

Im  G egensatz zu den  bei diesen A u to ren  b e rich te ten  B efunden  g litte n  
jedoch  E . stiedai-Sporozoiten  n ich t n u r  in  der sch lanken  G esta lt v o rw ä rts , 
sondern  au c h  m it le ich t ab g eru n d e tem  V o rderende . Die ex trem  sch lanke F o rm  
k o n n te  n u r  w ährend  d er T as t-  u n d  P endelbew egungen  gefunden  w erden . E in e  
von S r iv a s t a v a  (1967) fü r  E . labbeana-Sporozoiten  b e rich te te  G e s ta ltv e r
än d eru n g  des H in te ren d es ko n n te  w eder in  w eiteren  L ite ra tu ra n g ab e n  n och  in 
den eigenen U n te rsu ch u n g en  gefunden  w erden .

7 Acta Veterinaria Academiae Scientiarurrt Hungaricae 22, 1972



98 D Ü RR u. M itarb.

A ufgrund  d e r g ro ß en , bei den B eugebew egungen  gefundenen  V aria tio n s
b re ite  erschein t es frag lich , ob h ier von  S peziesun tersch ieden  gesprochen w er
den  k an n , obw ohl H a m m o n d , Ch o b o t a r  u n d  E r n s t  (1968) a u f einige d iesbe
züg liche  U n te rsch ied e  in  der In te n s i tä t  des B eugens zw ischen E . bovis u n d  E . 
auburnensis  h inw eisen . D ie von diesen A u to re n  bei E . auburnensis  besch riebene 
F a lte n b ild u n g  k o n n te  bei E . stiedai in  diesen lich tm ik roskop ischen  U n te r 
suchungen  n ich t b e o b a c h te t w erden. E in  au ffa llen d er U n tersch ied  b e s ta n d  zu 
d em  B eu g ev erh a lten  n och  n ich t e x c y s tie r te r  Sporozo iten  in  den S porozysten  
( D ü r r , H e u n e r t , M i l t h a l e r  u n d  G a l l e , 1971), bei dem  das A bkn icken  
w esentlich  d e u tlic h e r, s tä rk e r  und  ohne d as  vo rh erig e  E in ro llen  des V o rd eren 
des erfolgte u n d  zu  e in e r W endung  in  d er S porozyste  fü h rte .

F a s t im m er w u rd e  das V orderende d e r Sporozo iten  abgebeug t. In  Ü b e r
e in stim m u n g  m it d en  B eob ach tu n g en  v o n  S r iv a s t a v a  (1967) an E . labbeana 
w u rd e  jedoch  in  E in ze lfä llen  auch ein B eugen  des den re frak tilen  K ö rp er e n t 
h a lte n d e n  H in te re n d e s  gesehen. A llerd ings w u rd e  dabei das V orderende v o rh e r 
n ic h t  e ingero llt, so n d e rn  erw eckte den E in d ru c k , als ob es sich verste ife  u n d  
fe s tz u h a lte n  suche. E in e  d r it te , ebenfalls ä u ß e rs t  se lten  festgeste llte  u n d  in  der 
vorliegenden  L i te r a tu r  b ish er n ic h t e rw ä h n te  V aria tio n  erfo lg te d e ra r t, d aß  
s ich  zw ar das V o rd e ren d e  no rm al a b b eu g te , d an n  ab er die d u rch  das B eugen  
e rre ich te  Lage b e ib e h ie lt und  das H in te re n d e  g estreck t w urde, was g leich
ze itig  zu e iner R ic h tu n g sä n d e ru n g  in  d er L ängsachse des S porozo iten  
fü h rte .

Die re la tiv  se lten en  B erich te  ü b er P endelbew egungen  hängen  m öglicher
w eise d am it zu sam m en , daß  dieser B ew eg u n g sty p , zu m in d est bei E . stiedai, 
e r s t  an S p orozo iten , die längere  Z eit e x c y s tie r t w aren , v e rm e h rt a u f t r a t .  
Inw iew eit die be i d en  typ ischen  P endelbew egungen  gefundene B evorzugung  
d e r einen B ew eg u n g srich tu n g  m it d u rch  S ilb e rim p räg n a tio n  d a rs te llb a re n , 
le ic h t sp iralig  v e rla u fe n d en  O b e rflä c h en s tru k tu re n  ( D ü r r , 1970/71) k o rre lie r
b a r  is t, denen b ish e r k e ine  e lek tro n en m ik ro sk o p isch  nachw eisbaren  S tru k tu re n  
zu g eo rd n e t w erden  k ö n n en , m uß offenb le iben . Ä hnliche, allerd ings quer oder 
n u r  v ere inzelt sch räg  verlau fende S tre ifu n g en  k o n n ten  H a m m o n d , C h o b o t a r  
u n d  E r n s t  (1968) an lebenden S porozo iten  einer n ich t n äh er beze ichneten  
E im eria -A rt aus D ipodom ys ordii im H ellfe ld  sowie L u d v ik  (1959) du rch  S ilb e r
im p räg n a tio n  an  T oxop lasm a-O rganism en nachw eisen.

Ü ber die d en  B ew egungen m öglicherw eise zug runde  liegenden e le k tro n e n 
m ikroskop isch  d a rs te llb a re n  F e in s tru k tu re n  d er S porozoiten  soll au sfü h rlich e r 
an  an d erer S telle  b e r ic h te t  w erden.

F u n k tio n e ll ließ en  sich sowohl d ie  P ende l- als auch  die T astbew egungen  
als S uchbew egungen  der Sporozoiten  d e u te n , die ihnen  das A uffinden  der 
W irtszellen  erm ög lichen  sollen. G leitbew egungen  bew erkstelligen  die d azu  
no tw end igen  O rtsv e rän d e ru n g en  bzw . k ö n n en  u. U. dazu  d ienen, d u rch  das 
w iederho lt b e o b a c h te te  A nlaufnehm en  k le in e re  H indern isse  zu ü b erw in d en .
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L ediglich den B eugebew egungen  k an n  vo rläu fig  keine k la r  ersich tliche F u n k 
tio n  zugeordnet w erden .

ZUSAM M ENFASSUNG

An in v itro-excystierten  Sporozoiten von  E . stiedai wurden Direkt- und kinem ato- 
graphische Beobachtungen durchgeführt. Es konnten G leitbewegungen vor- und rückwärts, 
Rollbewegungen, m it und ohne G leitbewegungen kom biniert, B euge-, Tast- und Pendel
bewegungen festgestellt werden. Bei den G leitbewegungen erreichten die Sporozoiten eine 
Geschwindigkeit von m axim al 86 И Sekunde. Längere, bei D irektbeobachtung kontinuierlich  
erscheinende G leitbewegungen konnten durch wiederholte, nur durch die F ilm analyse zu er
m ittelnde kürzeste Pausen unterbrochen sein. E ine typische Reihenfolge im  A blauf der ein
zelnen Bewegungsform en war nicht zu bemerken.
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LIFE CYCLE OF EIMERIA STIEDAI*

B y

U . D ü r r

In stitu te  of Parasitology and Parasitic D iseases o f Anim als (Director: Prof. G. LA m m l er ), 
Justus L ieb ig-U niversity, Gießen, B R D

(R eceived Decem ber 2, 1971)

U sing the sam e title , Ow en  (1970) reported last year having detected sporozoites o f  E. 
stiedai 24 hrs. p.i. in the bone marrow and 48 hrs. p.i. in the liver and blood buffy layer of 
infected rabbits using a m ode of xenodiagnosis b y  infecting SPF-rabbits w ith  the biological 
m aterials in question. I) i нн (1971) reported the presence of radioactivity in  all organs of m ice 
and rabbits being fed labelled sporozoites. H ow ever up till now, to m y knowledge, there has 
been no report of the direct evidence of E. stiedai sporozoites outside the shortest passage  
betw een the intestines and the liver, including the m esenteric lym ph nodes (H o rto n , 1967; 
F itz g e r a l d , 1970; P e l l é r d y  and D ü rr , 1970).

Notv I have  been  able to  d e m o n s tra te  E . stiedai sporozoites h isto log ica lly  
also in  th e  bone m arro w  of ra b b its .

R a b b its  8 — 10 weeks old, a lre a d y  n a tu ra lly  s lig h tly  in fec ted  w ith  liv er 
coccidiosis as d e m o n s tra te d  in  one c o n tro l w ere again  in fec ted  o ra lly  fo r 3 to  
8 consecu tive  days w ith  several (up to  100) m illions o f E . stiedai oocysts p e r  
day . Tw o to  th re e  days a fte r  th e  la s t  in fec tio n  th e  ra b b its  w ere k illed  an d  th e ir  
o rgans fix ed  w ith  fo rm alin  for h isto log ica l techn iques. Sporozoites (in th e  liv e r 
also sch izon ts an d  m erozoites) cou ld  b e  d em o n stra ted  in  th is  m an n e r in  th e  
liver, th e  m esen teric  ly m p h  nodes a n d  th e  bone m arrow  o f fem u r an d  tib ia . 
Also in  fresh  sm ear p rep a ra tio n s  of th e  bone  m arrow  sporozoites h ad  been  seen. 
In  th e  m esen teric  ly m p h  nodes th e  sporozo ites were ly ing  e ith e r  free be tw een  
th e  cells or enclosed w ith in  m acrophages (F ig. 1). (F u r th e r  d e ta iled  s tud ies on 
th is  loca liza tion  a re  in  progress.) In  th e  fresh  sm ear p re p a ra tio n s  of th e  bone 
m arrow  th e  sporozoites w ere seen o n ly  engu lfed  in m acrophages, w hereas in  th e  
h isto log ica l p re p a ra tio n s  th e y  w ere also v e ry  scarcely  d em o n strab le  ly in g  free 
betw een  th e  cells.

T he m o st ch a rac te ris tic  fe a tu re  o f th e  sporozoites is th e ir  re frac tile  b o d y , 
th e  p ic tu re s  resem bling  tho se  given b y  H o r t o n  (1967) in  his d raw ings. T he 
d iffe ren tia tio n  betw een  sporozoites a n d  possib ly  engulfed  e ry th ro cy te s  seem s 
to  be  v e ry  d ifficu lt an d  needs a lo t o f experience, especially  in  cross sections 
of sporozoites th ro u g h  th e  region of th e ir  re frac tile  bodies. H ere a v e ry  sm all 
cy top lasm ic  m arg in , n o t visible a ro u n d  red  b lood  cells, an d  a m ore or less d is
t in c t  p a ra s ito p h o ro u s  vacuole  m ay  se rv e  as crité rium .

* W ith support of the Deutsche Forschungsgem einschaft.
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C oncluding fro m  these  find ings i t  m ay  be assum ed th a t  E . stiedai 
sporozo ites, a fte r e x c y s tin g  in th e  sm all bow el, p e n e tra te  th e  in te s tin a l w all 
an d  a re  d is tr ib u te d  th ro u g h  th e  body  m a in ly  along w ith  th e  in te s tin a l ly m p h  
passing  th e  m esen te ric  ly m p h  nodes a n d  th e  d u c tu s  th o rac icu s . T he liver m ay  
serve  as f iltra tio n  o rg a n  (see also Y a k i m o f f , 1926). A d irec t tra n sp o r ta tio n  of 
th e  sporozoites w ith  th e  p o rta l blood to  th e  liv er (S m e t a n a , 1933; F it z g e r a l d , 
1970; P e l l é r d y  an d  D ü r r , 1970) m ay  occu r, b u t  c e rta in ly  p lays a m inor role.

F ig. 1. H istological section  of femur bone marrow. Arrow indicates a sporozoite-bearing 
m acrophage. H. E .-sta in ing. About 2000 X

T h e w ay th ro u g h  efferen t b lood vessels from  th e  m esen teric  ly m p h  nodes 
to  th e  liver ( H o r t o n , 1967) seems to  be d ub ious in  th e  lig h t of new er find ings. 
F ir s t ly  there  are  no  references av a ilab le  d e m o n s tra tin g  a d irec t connection  
b e tw een  these tw o  o rg a n s  th ro u g h  b lood  vessels, no r to  th e  c o n tra ry . Secondly , 
acco rd in g  to  H e i t m a n n  (1970) an d  H e i t m a n n  e t al. (1970) th e re  is no o th e r  
tra n s fe r  of im m uno log ica l c o m p e ten t co m m itted  cells (i.e. sp o rozo ite 
b ea rin g  m acrophages) from  the  ly m p h  nodes to  th e  blood th a n  th ro u g h  th e  
d u c tu s  th o rac icu s. F u rth e rm o re , consid erab le  num bers of sporozoites in  th e  
liv e r  are  d e m o n s tra b le  only from  th e  4 8 th  h r. p .i. (O w e n , 1970; P e l l é r d y  
an d  D ü r r , 1970). T h is  seems to  be in  good congruence w ith  th e  find ings of 
H e i t m a n n  (1970) a n d  H e it m a n n  e t al. (1970) th a t  th e re  is p ra c tic a lly  no o u tp u t  
o f lym p h o cy tes  f ro m  a lym ph  node d u rin g  th e  f irs t  12 hou rs  a fte r  co n tac t w ith  
a s tro n g  an tigen  (i.e. th e  sporozoites, p ro b a b ly  w ith in  th e  m acrophages) an d  
th a t  th e  o u tp u t o f  la rg e  lym phocy tes (i.e. th e  m acrophages, con ta in in g  th e  
sporozoites) w ith  th e  ly m p h  com m ences a fte r  th is  tim e  an d  reaches a p eak  
d u rin g  th e  fo llow ing tw o  to  four day s d ep en d in g  upon  th e  force of th e  an tig en .
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Up till now  i t  is u n ce rta in  w here th e  sp o rozo ites e n te r  th e  m acrophages 
an d  if  th e y  are ca p a b le  of leav ing  th em  ac tiv e ly  in  th e  m esen teric  ly m p h  nodes, 
supposing  th e y  e n te re d  these  in  th e  in te s tin a l w all. F u r th e r  it  is questionab le  if 
th e re  are  a t  all spo rozo ites reach ing  the  liver o u ts id e  o f m acrophages, w heth er 
d irec tly  from  th e  in te s tin e s  w ith  th e  p o rta l b lood  o r by  h y p o th e tic a l blood 
vessel connections be tw een  th e  m esenteric  ly m p h  nodes and  th e  liver, ac tiv e ly  
p e n e tra tin g  th em  in th e  ly m p h  node, or tra n s p o r te d  w ith  th e  ly m p h  s tream  
passing  th e  d u c tu s  th o rac icu s . P erh ap s ly m p h  vessel can a licu la tion  will answ er 
th is  question  one d ay .

H isto logical d e m o n s tra tio n  of sporozoites, how ever, in o th e r p a r ts  of th e  
body  th a n  th e  liv e r seem s to  be n ea rly  im possib le  considering  th e ir  re la tiv e ly  
low n u m b er being  p re se n t in  each of these  p a r ts  a t  one given m om en t. H ith e rto  
unknow n is th e  m echan ism  inducing  th e  sp o rozo ites to  se ttle  in th e  liver 
w hen passing  i t  w ith in  th e  b lood vessels. P o ssib ly  cell cu ltu re  or o th e r in 
v itro  techn iques m a y  be su itab le  in d e tec tin g  th e  reason  of th is  tro p ism .
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EXPERIMENTELLES KLEBEN 
AM DUCTUS CHOLEDOCHUS

Yon

K .  S om ogy  v a r i , F . S z e n t g á l i  und J .  K o l b

Lehrstuhl und K lin ik  für Chirurgie und O phthalm ologie (Leiter: Prof. A. B. K ovács) 
der Veterinärm edizinischen U niversität, Budapest; »Péterfy Sándor u.«-Krankenhaus 
des H auptstädtischen R ates (D irektor-Chefarzt: J. F orgács), P lastische- und A llgem ein

chirurgische A bteilung

(E ingegangen am  2. Dezember 1971)

Die G ew ebek lebem itte l f in d en  in allen  G ebieten  d e r C hirurgie eine s te ts  
häu fig ere  A nw endung .

Über die gewebeklebende und blutungstillende Wirkung kon nten  wir selbst gute Er
fahrungen sammeln. W ir verwenden sie routinem äßig bei H auttransp lantation  und G efäß
operationen, in erster Linie bei der E m bolektom ie und bei R ekanalisationsoperationen (Sz e n t 
g á li und Mitarb., 1969; Má té  und M itarb., 1971; Szentgá li und M á t é , 1970; Okos  und  
M itarb., 1969).

Ota und M itarb. (1965) sowie Go etz  und W e issb er g  (1964) untersuchten die T oxizi- 
tä ts- und Absorptionsverhältnisse der K lebem itte l. Gottlob und B l ü m e l  (1965, 1968) haben  
die K lebem ethode der G efäßanastom csen ausgearbeitet. In U ngarn berichteten B o rn em isza  
(1968, 1969) und N e m e s  (1969a, b) in  m ehreren Veröffentlichungen über die m it G ewebe
klebem itteln gesam m elten Erfahrungen.

All dies gab  einen  A nlaß  fü r  unsere  E x p e rim en te , u m  zu p rü fen , m it 
w elchem  E rgebn is die N äh te  an  G allenw egen m it G ew ebek lebem itte ln  e rse tz t 
oder ergänzt w erden  können . U n te r  den  zu r V erfügung s teh en d en  zah lre ichen  
L ite ra tu ra n g ab e n  fan d en  w ir ü b e r das C holedochuskleben  n u r  die A rbeit von  
M e s t e r  und  M ita rb . (1970).

Eigene Untersuchungen

M it den K le b e m itte ln  H is to ac ry l-N -B lau  u n d  V ulnoco ll w urde am  
D u c tu s  choledochus von  20 H u n d en  das K leben d u rc h g e fü h rt.

D as G ew icht d er T iere b e tru g  18 — 25 kg. Sie w u rd e n  m it H ibernal u n d  
D ep rid o l n a rk o tis ie rt. N ach E rö ffn u n g  d er B auchhöh le  w u rd e  der D u c tu s  
choledochus fre igeleg t, dann  eine d e r fo lgenden ch iru rg isch en  Lösungen ge
w ä h lt:

I . An der W an d  des H au p tg a llen g an g es  w urde e ine  15 — 20 m m  lan g e  
Inzisionsöffnung  v e rfe r tig t. F ü r  die S chließung der C ho ledocho tom ieöffnung  
v erw en d e ten  w ir fo lgende drei V a ria n te n :

(a) Bei 5 T ie ren  w urden  die W u n d rä n d e r ohne N a h t,  einsch ich tig  ge
k leb t.

(b) Bei 5 T ie ren  k leb ten  w ir e inen  Faszienstre ifen  als zw eite Schicht a u f  
d ie einsch ich tig  g ek leb te  Inzisionsöffnung .
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(c) Bei 5 T ie ren  w urde  die Inzisionsöffnung  m it zw ei H a lten äh ten  
v e re in ig t und  gekleb t.

I I .  D ie »end-to-end« A nastom ose erfo lg te  au f zw eierlei W eise:
(a) A n 2 H u n d en  w u rd e  am  H au p tg a llen g an g , 2 cm  v o n  d er D uodenal

e in m ü n d u n g  e n tfe rn t, e in  6 — 8 m m  lan g e r L äng ssch n itt v e rfe r tig t . U ber die 
Ö ffnung  w urde ein K a th e te r  in den D u c tu s  choledochus e in g e fü h rt, dann  in 
R ic h tu n g  der L eb e rp fo rte  vorgeschoben  u n d  die C holedochusw and oberhalb 
des K a th e te rs  in  L ä n g sric h tu n g  z irk u lä r  d u rc h tre n n t. D ie sich elastisch  
tre n n e n d e n  E n d en  w u rd e n  m it einer P in z e tte  an e in an d erg efü g t u n d  über dem  
K a th e te r  z irk u lä r g ek leb t. N ach  A n h a ften  der R änder w u rd e  der K a th e te r  
d u rc h  die C ho ledochotom ieöffnung e n tfe rn t ,  die Ö ffnung — m it A nheben der 
R ä n d e r  u n d  ohne H a l te n a h t  — du rch  K leb en  geschlossen.

(b) Bei 3 H u n d e n  h ab en  w ir die C holedochusw and ü b e r  den durch  die 
Inzisionsö ffnung  e in g e fü h rte n  K a th e te r  ebenfalls z irk u lä r d u rc h tre n n t, dann  
m it zwei H a lte n ä h te n  v e re in ig t und  z irk u lä r  geklebt.

N ach  B eend igung  des K lebens p rü f te n  w ir durch  Z u sam m en d rü ck en  der 
G allenb lase, ob an  d er V erb in dungsste lle  keine G allen en tleeru n g  erfolgt. N ach 
in traab d o m in e lle r In je k tio n  von k ris ta llig e r Penicillin lösung  w u rd e  die B au ch 
w and  geschlossen.

P o sto p e ra tiv  w u rd en  die T iere fo rtlau fen d  k o n tro llie r t, dann  zwecks 
h isto log ischer A u fa rb e itu n g  am  10., 20., 35., 50., 75. T ag  g e tö te t .  W ährend  der 
B eob ach tu n g sze it h a t te n  die T iere g u ten  A p p e tit, der E rn ä h ru n g sz u s ta n d  w ar 
befried igend , Ik te ru s  t r a t  n ic h t auf. D ie am  20., 35. und  60. p o s to p e ra tiv en  T ag  
v e rfe rtig te n  R ö n tg en au fn ah m en  zeig ten  einen  norm al w e iten  D uctus cho le
dochus. Zwei T iere , be i denen  w ir die »end-to-end« A nasto m o se  ohne H a lte 
n a h t , n u r  m it K leben  an g e leg t h a tte n , v e ren d e ten  am 3. — 4. p o s to p e ra tiv en  T ag  
infolge A nastom oseinsuffiz ienz.

D er S ek tio n sb efu n d  ergab  das B ild  e in er günstigen W undh eilu n g . Die m it 
K leb es to ff v ere in ig ten  Inzisionsw unden  sow ie die m it H a l te n a h t  verso rg ten  
S tu m p fe  h ielten  fest, in  d e r B auchhöh le  w aren  Spuren e in e r G allenen tleerung  
w eder w ährend  der f rü h e n , noch sp ä ten  p o s to p era tiv en  P h a se  bem erkbar. Als 
F o lge  des K lebens k a m e n  geringe, bzw . in  Fällen  d er m it  Fasz ienstre ifen  
e rfo lg ten  K leben  e tw as  reich lichere  B indegew ebsadhäsionen  zustande. In  
k e in em  Fall ze ig ten  d ie  B indegew ebsnarben  aku te  E n tzü n d u n g sze ich en  zw i
schen  den 10. u n d  75. p o s to p e ra tiv en  T ag en . A n den m it u n te rsch ied lich er T ech 
n ik  b e re ite ten  In z is io n s -u n d  »end-to-end« A nastom oseste llen  w ies der D u ctu s  
choledochus w eder e ine  E inengung , n och  eine E rw e ite ru n g  auf. Im  übrigen  
h e ilten  die Inzisionen  m it einer so m in im alen  N arbe, d aß  am  50. — 75. T ag  die 
genaue K lebestelle  in  m eh re ren  F ällen  n u r  im  histo log ischen  S c h n itt nachw eis
b a r  w ar. Die histologischen Untersuchungen  (F o rm alin fix ie ru n g , P a ra ff in e in b e t
tu n g , F ä rb u n g  m it H äm a to x y lin -E o sin  u n d  nach v an  G ieson) bewiesen eine 
ra sch e  R ep ara tio n  im  O pera tio n sg eb ie t des Choledochus.
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Am 10. p o sto p e ra tiv en  T ag  ivar die O pera tionslin ie  der Inzisionen  u n d  
»end-to-end« A nastom osen  d u rch  ein zellenreiches A ngiofibroblastgew ebe a n 
g ed eu te t. A n der S ch le im hau t des D u c tu s  choledochus w ar eine P ro p riad rü sen - 
g ran u la tio n  b em e rk b a r u n d  aus dem  W u n d ra n d  w uchs neu  gebildetes Z y lin d er-

Abb. 1. Ohne H altenähte, einschichtig geklebte Inzision am 20. postoperativen Tag. Am  
oberen Rand ist das K lebem ittel sichtbar. Der eingerahm te Teil (A) ist in Abb. 2 vergrößert 

dargestellt. H äm .-E os.-Färbung. Vergr. 10 X

ep ithe l a u f die P ro p riao b erfläch e . K leb esto ffreste  w aren  n u r  in der M uskel
sch ich t u n d  A d v e n titia  sich tb a r. D ie U m gebung  der K leb em itte lre s te  sow ie 
die b e n a c h b a rten  W an d te ile  w aren  m it g eringeren  n eu tro p h ilen  G ran u lo zy ten - 
u n d  L y m p h o zy ten m en g en  u n d  in  g rö ß ere r Z ahl m it H is tio zy ten  u n d  F ib ro 
b lasten  in f il tr ie r t . D as A usm aß der In f i l t ra t io n  w ar von  der G röße der K le b e 
m itte lre s te  abhäng ig . In  der U m gebung  v o n  H a lte n ä h te n  w ar ü bera ll eine 
b ed eu ten d e  G ew ebereak tion  b em erk b a r, w elche in  e rs te r  L inie d u rch  die 
A nhäufung  a k u t en tzü n d lich e r Zellen g ekennze ichne t w ar.
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Abb. 2. Vergrößertes B ild der vorigen K lebestelle. B , Während der E inbettung hat sich die 
K lebem ittelsubstanz gelöst; C, An der Inzisionsstelle bindegewebige Reparation. H äm .-E os.-

Färbung. Vergr. 1 : 40

Abb. 3 . End-to-end verein igte Ductus choledochus-W and am 50. postoperativen Tag. In die 
K lebem ittelsubstanz dringen Zellelem ente. L, Choledochuslumen; B, K lebestelle;

C, Narbengewebe. H äm .-E os.-Färbung. Vergr. 1 : 25
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Bei den am  20. u n d  35. p o sto p e ra tiv en  T ag  g e tö te te n  T ieren w ar die 
S ch le im hau t des D u c tu s  choledochus ü b era ll o rg an is ie rt. In  der P ro p ria  w aren  
die m uzinösen E n d k a m m e rn  regeneriert, die P ro p riao b e rfläch e  w ar ü bera ll m it 
Z ylindcrep ithe lzellen  b ed eck t. A n d er D u c tu s  cho ledochus-W and  w ar die 
O peratonslin ie  m it a u fg esp litte r tem  G ranu la tionsgew ebe  b eg ren z t, wo s te llen 
weise F rem d k ö rp erriesen ze llen  s ich tb a r w aren  (A bb. 1, 2, 3).

Bei den am  50. — 75. p o sto p e ra tiv en  T ag  g e tö te te n  T ieren  w urde das 
O pera tionsgeb ie t d u rc h  au fg esp litte rte s  B indegew ebe a n g ed eu te t. In  die K lebe- 
sto ffte ile  d rangen  H is tio z y te n  u n d  F ib ro b la s ten  ein , u n d  eine n eugeb ildete  
B indegew ebsfasersch ich t e n ts ta n d . D ie N ä h te  w aren  zw ar m it B indegew ebe 
eingekapselt, ab er zw ischen  den F ase rn  w ar eine a u f  le b h a fte  G ew ebereaktion  
h inw eisende Z e llansam m lung  b em erkbar. D er C h a ra k te r  u n d  die G röße der 
G ew ebereaktion  d e r m it  H isto ac ry l, bzw . V ulnocoll g ek leb ten  G allengängen 
ze ig ten  im  h isto log ischen  S ch n itt keinen  U n tersch ied .

Besprechung

U nsere ex p e rim en te llen  O pera tionen  zeig ten , d aß  K leb em itte l am  ex tra" 
h ep a tisch en  G allengang  m it gu tem  E rfo lg  v e rw en d e t w erd en  können .

D ie S ch ließung v o n  Längsinzisionen d u rch  H a lte n ä h te  u n d  K leben  sowie 
A nlegen von  F asz ia s tre ifen  k an n  g u t v e rso rg t w erden . A u fg ru n d  u nserer V er
suche sind  w ir d er M einung, daß  es gefährlich  is t eine »end-to-end« A nastom ose 
ohne H a lte n ä h te , aussch ließ lich  m it K leben  anzu legen , d enn  der W id ers tan d  
der frisch  gek leb ten  W a n d  allein genüg t n ich t, u m  d ie  A nastom ose  zu e rh a lten .

D ie S tüm pfe k ö n n en  m it 2 — 3 H a lte n ä h te n  u n d  z irku lärem  K leben  
v e re in ig t w erden , o hne  d a ß  es sp ä te r  zu einer C lio ledochuseinengung k o m m t — 
wie dies die am  35. — 75. T ag  v e rfe rtig ten  h isto log ischen  S ch n itte  bew iesen. 
A ußerdem  zeigten  die h isto log ischen  S ch n itte , d aß  das E rgebn is um  so vo ll
kom m ener is t, je  w en iger H a lte n ä h te  an die G a llengangw and  angeleg t w erden.

H isto acry l u n d  V ulnocoll o rgan isierten  sich  u n te r  äh n lichen  G ew ebereak
tio n en , aber die R e so rp tio n  is t auch  n ach  m ehr als 2 M onaten  n ic h t beende t.

U n te r  B erü ck sich tig u n g  der oben an g efü h rten  G esich tsp u n k te  haben  w ir 
die G ew ebek lebem itte l be i G allengangoperationen  e in g efü h rt. W ir b e a b s ic h ti
gen, die B ew ertung  des k lin ischen  M aterials in  e iner an d eren  A rbeit zu v e r
öffen tlichen .

ZUSAM M ENFASSUNG

B ei Hunden wurden am  D uctus choledochus querlaufende K leben unternom m en. 
Anhand der Erfahrungen kann das Gewebeklebem ittel bei Choledochusoperationen die traditio
nelle N ah t in vielen F ällen  ersetzen oder ergänzen.

D ie Verläßlichkeit und gewebefreundliche E igenschaft des K lebem ittels wurde durch 
die Sektions- und histologischen Befunde bestätigt.
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STUDIES ON THE INACTIVATION OF COCCIDIAN
OOCYSTS

B y

A. O. A y e n i , E .  D i n g e l d e i n  and U . D ü r r

In stitu te  of Parasitology and Parasitic D iseases o f Animals (Director: Prof. G. L ä m m le b ), 
Justus Liebig-XJniversity, Gießen and B attelle  Institute, Frankfurt/M ., B R D

(R eceived D ecem ber 18, 1971)

M odern an im al keep ing  in  w h ich  large  num bers o f an im als a re  k e p t in  
a sm all space fac ilita te s  p a ra s itic  in fec tio n s. R egu lar an d  carefu l d isin fec tion  
of th e  an im al room s is th e  m ost im p o r ta n t  co un te rm easu re . Eggs of A scarids 
an d  Coccidian oocysts, how ever, are  re s is ta n t to  n ea rly  all d isin fec tan ts .

In  W est G erm an y  b ac te ric id a l an d  fungicidal d is in fec tan ts  are  te s te d  
acco rd in g  to  specific regu la tions. A lis t o f all effective d is in fec tan ts  is p u b lish ed  
period ica lly .

T h ere  are no reg u la tio n s up till  now , how ever, fo r p a ra s itic id a l ag en ts . 
T h is is p a r tic u la r ly  u n fo rtu n a te  because  p a ras itic  d iseases of h u m an s are  
gain ing  increasing  im p o rtan ce  (e.g. v isce ra l la rv a  m igrans an d  toxoplasm osis).

M any producers o f parasiticidal d isin fectants already have their agents tested. As there 
are no standard regulations, the trials are conducted under non-uniform  conditions. This has 
been responsible for a number of contradictory results obtained recently.

Since E n ig k ’s in v es tig a tio n s  (E n ig k , 1939), th ree  p rocedures a re  com m only  used  for 
te s tin g  d is in fec tan ts  ag a in s t p a rasite s  in  th e  lab o ra to ry :

1. In the suspension test eggs o f helm inths or coccidian oocysts are suspended in the  
chem ical agent for a definite tim e and exam ined quantitatively  for their v iab ility . This m ethod  
is often used because of its sim plicity. Here m ost investigators failed to provide inform ation  
on the volum e of active substance used per un it surface area tested  (E n ig k , 1939, 1947; 
Y a k im o f f , 1932 and 1934; Se c k  and Sc h u m a c h e r , 1941; R e x , 1943; Ge it m a n n , 1961; J u n g - 
m a n n , 1965; B b a u e r , 1966; E n ig k  and H il b r ic h , 1968). In their experim ents w ith a d isin
fectant containing carbon disulfide, v.d . Gu l d e n  and v. É rp  (1969) showed that, especially in  
the case o f  volatile substances the results obtained in a suspension test depend on the volum e  
of the agent applied per unit surface area.

2. The wooden plate m ethod (E n ig k , 1939) or its variation w ith  filter paper strips 
(B r a u e r , 1966) is a carrier technique.

3. Faeces or soil m ixed w ith oocysts are used in the practical experim ent.
Two sorts o f oocysts m ay be used: unsporulated ones, whose exogenous developm ent 

(sporulation) is observed, and sporulated oocysts, whose reproductivity is exam ined. I f  u n 
sporulated oocysts are tested  one has to bear in  m ind that they  have a reduced resistance to 
chem icals as compared w ith  sporulated ones (P e l l é r d y , 1965; Sc h n e id e r , Ay e n i and D ü r r , 
1971b).

In the first case the sporulation rate o f in  vitro treated unsporulated oocysts is deter
mined. The reproductivity is exam ined in the in fection  test. In this case also the m ortality and 
som etim es the m orbidity o f the natural host after inoculation w ith  the treated oocysts are 
determ ined. L ong (1970) has made an attem pt to infect chicken em bryos and tissue cultures 
with excysted  sporozoites, bu t this m ethod has not ye t been sufficiently  refined for practical 
investigations.
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Table I

Anticoccidial agents used and the method of application as prescribed by the suppliers

to

Disinfection

Active substance Manufacturer
Treatment Treatment Method

Application
Calculated

volume
ml/cm*

Agent before
disinfection after disinfection

cone, in
%

Minimum 
contact time

Ammonia
Formalin

no commercial recommendation available 

no commercial recommendation available

3.7

3.6 +  10

0.025

0.025
D ekaseptol® carbon disulphide 

and others, not 
specified

Chem. Fabrik, 
Marienfelde, 
Hamburg, BRD

thorough
cleaning

ventilation, 
leave to dry

spray
or
scrub

6 2 h 0.01 — 0.02

D esL 20® halogenated conden
sation products of 
alkylated and aryl- 
ated hydroxytolu- 
enes and cresol 
sulphonic acids

TAD Cuxhaven, 
B R D

thorough
cleaning

leave to dry spray
or
scrub

4 15 — 30 min 0.02

Eim eran-N eu® not given G. Röhner, 
Froschhausen, 
BRD

not given leave to dry spray 5 30 min 0 .0 1 -0 .0 2

H elasept® chlorinated hydrocar
bons and carbon 
disulphide

Dr. Hesse & Co., 
Hohenlockstedt, 
BRD

thorough
cleaning

not given spray
or
scrub

5 15 min 0 .0 1 -0 .0 2

Iza l® mixture of phenols, 
monocyclic and 
polycyclic aromatic 
hydroxy compounds

Izal Ltd., 
Thorncliffe, 
Sheffield, 
England

no recommendations given for 
parasitic disinfection

5 0.025
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Lomasept® same composition as 
DesL20

TAD, Cuxhaven, 
BRD

thorough
cleaning

leave to dry spray
or
scrub

5 15 — 30 min 0.014

Lysococc® organic carbon di
sulphide depots 
combined with 
phenol mixture and 
proton donor

Schülke & Mayr 
GmbH, 
Glashütte bei 
Hamburg, BRD

thorough
cleaning

leave to dry spray 5 not given 0.01

Salernil ^34 
“spezial”^

chlorinated hydrocar
bons and carbon 
disulphide in special 
soap solution

Pfizer GmbH, 
Karlsruhe, 
BRD

thorough
cleaning

leave to dry 
wash away 
on metals 
after some 
hours

wash 6 not given 0.02-0.025

Triseptol® carbon disulphide, 
cresols, chlorinated 
cresols, chlorinated 
hydrocarbons

Manosit-Chemie, 
Wistedt, BRD

thorough
cleaning

not indicated spray 5 — 6 15 min 0.01-0.02

* As soon as the results have been obtained, a new formulation of Eimeran-Neu is said to be available, which is reported to be capable of 
destroying 100% of sporulated E .  te n e l la  oocysts in 60 min using the suspension test with undefined levels.
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To te s t th e  re lia b ility  of th e  c ited  m eth o d s and  th e  effectiveness o f som e 
com m ercia l d is in fec tan ts  we have  ex am in ed  tlie ir a c tiv ity  b y  m eans o f d if
fe re n t m ethods of in v es tig a tio n . T h e  in s tru c tio n s  of th e  supp liers  have  been 
co nsidered  as fa r as possible.

M aterial and m ethods

U n sp o ru la ted  oocysts of E im eria  stiedai were o b ta in ed  from  th e  b ilia ry  
d u c ts  o f ex p e rim en ta lly  in fec ted  ra b b i ts  u sin g  th e  m eth o d  described  b y  A y e n i  

(1969). T he oocysts w ere su spended  in  d istilled  w a te r to  give a susp en sio n

Table II

R esults of th e  suspension te s t  acco rd in g  to  v . D. Gü l d e n  and  v . E r p  (1 9 6 9 )

Agent

Reaction time
Control

5 min 15 min

n О //О
spor.

%
path. n О //о

spor.
%

path.
%

spor.
%

path.

Ammonia 2 3.0 2.3 2 0.0 0.0 90.0 0.0
Formalin (10%) 2 89.0 0.1 ■ 2 90.3 0.1 90.0 0.0
Dekaseptol 2 2.3 0.1 2 0.3 0.0 89.0 0.3

2 37.5 1.0 — — — 91.0 0.3
— — — 2 0.5 0.1 89.7 0.5

DesL20 2 89.9 0.0 2 65.3 0.5 89.7 0.0
— — — 2 86.7 0.7 89.5 0.3

Eimeran-Neu 2 89.9 0.0 2 89.7 0.0 89.7 0.0
— — — 2 88.3 1.3 89.7 0.5

Helasept 2 43.0 0.8 2 0.5 0.3 89.7 0.0
— — — 2 5.5 8.3 89.7 0.5
— — — 2 0.1 9.5 77.3 0.0

Izal 2 90.0 0.1 2 90.8 0.0 89.7 0.0
— — — 2 86,9 0.7 89.5 0.3

Lomasept 2 89.9 0.0 2 91.3 0.0 89.7 0.0
— — — 2 89.1 1.3 89.7 0.5

Lysococc 2 89.5 0.0 2 81.5 0.0 89.7 0.0
- — — 2 45.9 0.5 89.5 0.3
— — — 2 84.7 0.0 77.3 0.0

Salernil “ spezial” 2 43.7 1.8 2 0.5 1.0 89.7 0.0
— — — 2 1.3 3.2 89.5 0.3

Triseptol 2 0.3 0.0 2 0.0 0.0 89.7 0.0
— — — 2 0.7 0.1 89.7 0.0

n, n u m b er o f ru n s  p e r tr ia l;  sp o r., sp o ru la te d  oocysts (m ean  v a lu e  of th e  double  
ru n s ) ;  p a th . ,  p a th o lo g ica lly  sp o ru la ted  o o cy sts  (m ean  value  of th e  d o ub le  ru n s)
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co n ta in in g  ab o u t 1 4 .4 x 1 0 °  oocysts/m l. T h is suspension w as k e p t in  th e  r e 
fr ig e ra to r  a t  a te m p e ra tu re  of a b o u t 4 °C u n til  i t  w as used .

S u sp en sio n  test (v .d . G u l d e n  an d  v . E r p , 1969)

1.75 m l of an oocyst suspension  w as p ip e tte d  in to  a shallow  glass P e t r  
d ish  7 cm  in  d iam eter. To th is  occyst suspension  1.75 m l of a doub ly  c o n c e n tra te d  
d ilu tio n  o f  d is in fec tan t (see T ab le  I I )  w as added  u n d e r c o n s tan t sh ak in g  to  
ensure  sa tis fa c to ry  m ix ing , an d  th e n  le f t to  s tan d  open for periods o f 5 o r 15 
m in u tes .

T h e  f in a l oocyst suspension  reach ed  a level o f 0.9 m m . A fte r th e  re a c tio n  
tim e  th e  suspension  w as d ilu ted  w ith  w a te r  to  give a to ta l  vo lum e of a b o u t 70 
m l w h ich  w as im m ed ia te ly  d iv ided  in to  6 p a r ts  and  cen trifuged . T he s u p e rn a 
ta n t  f lu id  w as decan ted  an d  k e p t to  d e te rm in e  th e  sp o ru la tio n  ra te  of th e  oocysts 
rem ain in g  in  it . T he w ashing  process w as rep ea ted  tw ice. T he sed im en t w as 
then  co llec ted  in to  a single cen trifuge  tu b e  an d  w ashed  again  tw ice.

T h e  resu ltin g  oocyst sed im en t w as suspended  in  a b o u t 10 m l o f a 2.5 
p er c en t p o tass iu m  d ich ro m ate  so lu tion , p o u red  in to  a P e tr i  dish of a b o u t 9 cm 
d iam e te r  a n d  le ft covered  to  sp o ru la te  w ith in  th ree  days. On th e  th i r d  d ay , 
300 ra n d o m ly  d is tr ib u te d  oocysts w ere ex am in ed  accord ing  to  th e ir  sp o ru la tio n  
stages u s in g  th e  m eth o d  o f K o t l á n  an d  P e l l é h d y  (1934). A to ta l  co u n t o f th e  
oocysts w as ta k e n  before an d  a fte r  t r e a tm e n t  to  d e te rm in e  th e  loss re su ltin g  
from  th e  t r e a tm e n t  p rocedures.

Carrier m ethod ( tissue p a p er)

O ne d ro p  of th e  oocyst suspension  w as p ip e tte d  on ro u n d  pieces o f tissu e  
p ap e r (K leen ex  tissue) 4 cm in d iam e te r. A fte r  a sh o rt p a r t-d ry in g  p e rio d  th e  
tissue  p a p e r  was tra n sfe rre d  to  P e tr i  d ishes and  w e tte d  w ith  th e  p re sc rib ed  
a m o u n t a n d  co n cen tra tio n  o f d is in fe c ta n t (see T able I) . S u b seq u en tly , one 
P e tr i  d ish  each  was im m ed ia te ly  tu rn e d  in to  a m o istu re  cham ber, w hile th e  
o th e r one w as le ft s ta n d in g  u n co v ered  fo r 15 m inu tes to  allow v o la tile  co m 
p o n en ts  to  ev ap o ra te . A fte r  a sto rage  a t  ro o m  te m p e ra tu re  for th ree  d a y s  th e  
oocysts w ere scra tch ed  from  th e  tissu e  p a p e r  and  th e  sp o ru la tio n  ra te  w as 
d e te rm in ed .

In  th e se  experim en ts i t  d id  n o t m a t te r  w hich side of th e  c o n ta m in a te d  
tissue  p a p e r  w as in c o n ta c t w ith  th e  P e tr i  dish .

M oreover th e  effect o f fo rm alin  a n d  am m onia , w hich  are fre q u e n tly  u sed  
for d is in fec tio n , was exam ined  b y  p lac in g  la rg e r pieces of tissue p a p e r besides 
sm all ones b ea rin g  oocysts an d  w e ttin g  th e m  w ith  one of th e  above so lu tions. 
The P e tr i  d ishes were th e n  covered im m ed ia te ly  and  tu rn e d  in to  a m o is tu re  
ch am b er fo r  th ree  days.
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Carrier method ( ceramic tiles and slides)

One drop o f th e  o ocyst suspension w as p ip e tte d  on uncleaned  ceram ic 
tile s  an d  tiles cleaned  w ith  d e te rgen ts. To th is  suspension  we ad d ed  th e  a m o u n t 
of d is in fe c ta n t c a lcu la ted  from  th e  supp liers  specifica tions (see T ab le  I). W ith  
a g lass sp a tu la  th is  m ix tu re  was d is tr ib u te d  o v e r th e  surface of th e  tile . A fte r  
a t im e  o f six hours d u rin g  w hich the  tiles  w ere le ft uncovered  all tiles w ere 
b ro u g h t in to  m o is tu re  ch am b ers; th e  sp o ru la tio n  ra te  was dete rm in ed  a f te r  
th re e  days.

Slides degreased  w ith  e th an o l were t r e a te d  in  th e  sam e w ay. In  ad d itio n , 
slides w ere c o n ta m in a te d  w ith  a m ix tu re  o f oocysts  and  faeces. T he d is in fec tan t 
w as ad d ed  su b seq u en tly . All experim en ts in c lu d ed  con tro ls, in  w hich ta p  w a te r  
w as s u b s titu te d  fo r th e  d is in fec tan ts .

In  all o f th e  ab o v e  c ited  ex p erim en ts  th e  m o istu re  cham bers h ad  n o t  
b een  closed h e rm etica lly . S c h n e i d e r  (1971), how ever, d em o n stra ted  th a t  te s tin g  
v o la tile  agen ts in h e rm e tica lly  closed ch am b ers  m ay  lead  to  d ifferen t re su lts . 
To asce rta in  th is  a sp e c t we rep ea ted  th e  c a rr ie r  tech n iq u e  w ith  tissue p ap e rs  
w ith  h erm etica lly  closed m oistu re  ch am b ers .

R esu lts

T he resu lts  o f  th e  suspension e x p e rim e n ts  are show n in T able I I .  A m 
m o n iu m  h y d rox ide  (3 .7 % ) destroyed  97 p e r  c en t of the  oocysts w ith in  five  
m in u te s . T risep to l h a d  a n ea rly  h u n d red  p e r  c en t effect in five m inu tes, w hile 
d u r in g  th e  sam e p e rio d  o f tim e th e  effect o f D ekasep to l ran g ed  betw een  97.7 
a n d  62.5 per cen t. H e la sc p t and  Salernil “ sp ez ia l”  in h ib ited  th e  sp o ru la tio n  of 
a b o u t 57 p e rc e n t o f th e  oocysts w ith in  five  m in u te s . All th e  o th e r te s ted  ag en ts  
show ed n ea rly  no a c tiv ity .

A fte r a tim e  o f 15 m inu tes am m onium  h y d ro x id e , D ekasep to l, H e la sep t, 
S a le rn il “ spezial” , a n d  T risep to l reduced  th e  ra te  of sporogony from  90 to  100 
p e r  cen t. The o th e r ag en ts  (excep t L ysococc in  one tria l)  show ed no effect.

T he loss o f oo cy sts  due to  c e n tr ifu g a tio n  as ca lcu la ted  from  th e  co n tro ls  
ra n g e d  betw een  4 to  18 p er cen t, w hile th e  loss of tre a te d  oocysts v a ried  b e 
tw e e n  1 and  85 p e r  c e n t h u t rem ained  fa ir ly  c o n s ta n t fo r th e  sam e ag en t. 
A  check  of th e  sp o ru la tio n  of these “ lo st o o cy s ts”  in th e  su p e rn a ta n t flu id s gave 
re su lts  co rrespond ing  to  th e  values describ ed  above for th e  d ifferen t ag en ts .

T ab le  I I I ,  f i r s t  positio n  shows th e  re su lts  of th e  oocyst-carrier m e th o d s  
u s in g  tissue p ap er. S o lu tions of Iza l an d  T rise p to l as well as 10 and  3.6 p e r c e n t 
fo rm alin  h ad  an  a lm o s t 100 p er cen t e ffec t a f te r  an ev ap o ra tio n  tim e of 0 an d  
15 m inu tes. T he effec tiveness of 3.6 p e r c e n t fo rm alin  an d  T risep to l, how ever, 
w as d is tin c tly  low er in  one fu r th e r  e x p e rim en t. D ekasep to l show ed a h igh
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effectiveness only in  one o u t of 13 ex p erim en ts , w hen a p la s tic  P e tr i  dish in s tead  
of a glass dish was used .

T he ca rrie r ex p erim en ts  w ith  ceram ic tiles (T ab le  I I I ,  2nd position) 
p ro d u ced  d iffe ren t re su lts  w ith  re g a rd  to  th e  degree o f sp o ru la tio n  using  th e  
cleaned  and  u n c leaned  tiles. W ith  th e  excep tion  of L ysococc, D esL20, H e lasep t 
an d  Iz a l th e  sp o ru la tio n  ra te  on th e  u n c leaned  surfaces w as low er th a n  on th e  
cleaned one.

On th e  u n w ash ed  p la tes  am m onium  h y d ro x id e , 10 p e r cen t fo rm alin , 
D ekasep to l, E im eran -N eu , L om asep t, Salernil “ spezia l”  a n d T rise p to l reduced

Table III

R esults of th e  oocyst-carrier tests

Oocyst carrier

Moisture chamber not hermetically closed
Chamber 

hermetically 
closed (tissue 

paper)tissue paper

ceramic tiles (n =  R glass slides (n=l)

un
cleaned

cleaned 

• 1 »

pure
oocyst
susp.

oocyst
faecal

mixture

Evaporatioi time 0 min 15 min 6 hours 0 min

% о/ % о//о О//о % % %
sp.* n sp.* sp. sp. sp. sp. sp.* sp.*

Ammonia 4 0.0 3 88.3 2.0 84.3 72.7 88.0 87.7 2 0.0
Formalin 3.6% 3 0.0 3 0.0 59.7 85.3 2.0 83.7 85.3 2 0.0

10%
1
4

25.7
0.0 3 0.0 0.0 16.3 1.0 17.0 2.3 — —

Dekaseptol 9 88.7 5 86.9 9.0 80.7 56.3 85.3 85.0 2 0.0
3 61.8 1 48.0
1 10.0**

DesL20 4 86.9 3 88.6 82.3 85.0 54.7 80.0 84.3 2 0.8
1 15.6

Eimeran-Neu 4 81.8 3 91.2 3.1 80.7 75.7 84.0 87.0 3 50.6
1 4.3***

H elasept 4 86.9 3 89.0 88.7 82.3 32.3 82.3 82.3 3 56.0
4 0.3***

Izal 7 0.0 6 0.0 30.3 0.0 46.7 0.0 35.0 2 0.0

Lomasept 6 84.6 9 84.2 0.6 81.7 57.0 82.0 84.7 2 1.8
1 61.0

Lysococc 4 89.6 3 89.9 85.3 86.7 80.7 85.0 78.7 2 67.6

Salernil 3 87.2 3 88.0 0.3 85.0 65.0 74.3 82.0 2 0.0
“spezial” 1 64.0

Triseptol 3 0.0 3 0.6 0.0 50.0 4.0 67.7 74.7 2 0.0
1 9.7

Control 6 87.0 — 93.0 90.7 86.7 81.7 85.7 87.0 2 80.3

* mean value, if  the results did not differ for more than 10 per cent.
* * using a plastic Petri dish.

*** using 40 per cent more of the agent than prescribed.
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Table IV

Disinfecting effect o f  the vapours of am m onia and form alin on oocysts 
(tissue paper carrier-method)

Agent Volume applied n
%

sporulated
oocysts

0//0 #
pathologically

sporulated
oocysts

Form alin 10% 32 X 10-2 m l/85 cm3 1 3.3 5.7
2 0.0 0.0

Form alin 3.6% 3 2 X 1 0 -2 m l/85 cm 3 2 2.7 0.0
Am m onia 32 X IO"2 m l/85 cm 3 1 0.0 5.7

th e  sp o ru la tio n  of th e  oocysts  to  less th a n  10 per cent. Iz a l p re v e n te d  70 p er cen t, 
a n d  3.6 p e r cen t fo rm alin  on ly  40 p e r c e n t o f th e  sporogony. O n th e  w ashed tiles 
10 p e r cen t form alin  d e s tro y ed  84 to  99 p e r cen t, Iza l 54 to  100 p er cen t, and  
T ris e p to l 50 to  96 p e r c e n t o f th e  o ocysts . 3.6 p e rc e n t  fo rm a lin  an d  H elasep t 
in h ib ite d  th e  sporogony  o f 15 to  98 p e r  c en t and  18 to  69 p e r  c e n t respectively . 
A ll o th e r  agents fa iled  in  b o th  series to  p rev en t th e  sp o ru la tio n  o f m ore th a n  
50 p e r  cen t of th e  oocysts .

T ab le  I I I ,  3 rd  p o sitio n  show s th e  effect of th e  agen ts u n d e r  investiga tion  
on oocysts and  oocy st-faecal m ix tu re  sp read  on glass slides. A p a r t from  10 
p e r  c e n t form alin  an d  Iz a l red u c in g  th e  sp o ru la tio n  o f th e  u n m ix ed  oocysts to  
17 a n d  0 p er cen t, re sp ec tiv e ly , an d  th o se  o f th e  oocyst-faecal m ix tu re  to  2.3 and  
35 p e r  cen t, none of th e  ag en ts  ex am in ed  show ed an y  in h ib ito ry  effect on th e  
sp o ru la tio n  of th e  o o cysts .

W hen h e rm e tica lly  closed m o is tu re  cham bers w ere u sed , good resu lts  
w ere  o b ta in ed  w ith  am m o n ia , fo rm a lin , D ekasep to l, D esL 20, Iza l, L om asep t, 
S a le rn il “ spezial” , a n d  T risep to l. L ysococc, E im eran -N eu , a n d  H e la sep t failed 
to  d e s tro y  m ore th a n  50 p er cen t o f th e  oocysts. The good re su lts  w ith  E im eran- 
N eu  a n d  H elasep t g iven  in  T ab le  I I I ,  4 th  position  h ad  been  o b ta in e d  due to  an 
e rro n eo u s add ition  o f  40 p e r c en t m o re  o f th e  d is in fec tan t as p rescribed .

T ab le  IV  shows th e  re su lts  of th e  in v estig a tio n s e v a lu a tin g  th e  a c tiv ity  of 
th e  gaseous phase o f am m o n ia  an d  fo rm alin . 3.6 an d  10 p e r c e n t fo rm alin  an d  
3.7 p e r  cen t am m onia  p re v e n te d  th e  spo rogony  of a b o u t 96 to  100 per cen t of 
th e  oocysts.

D iscussion

A lthough  th e  suspension  te s t  accord ing  to  th e  m o d ifica tio n  of v.D. 
G u l d e n  and  v . E r p  (1969) ap p ears  to  be m ore re la te d  to  p ra c tic a l conditions 
th a n  th e  techn iques o f E n i g k  (1939), i t  seems n o t co m p le te ly  sa tisfac to ry ,
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because th e  vo lum e o f th e  a g en t used  is a b o u t five  to  n in e  tim es the  vo lum e per 
u n it  a rea  recom m ended  b y  th e  suppliers fo r p ra c tic a l cond itions. P re lim in a ry  
ex perim en ts in  w h ich  th e  a t te m p t was m ade to  use these  recom m ended 
volum es show ed th a t  th e se  cond itions c an n o t be o b ta in e d  in th e  la b o ra to ry  
using  P e tr i  dishes due  to  th e  surface tension  o f th e  ag en ts . F o r th is  reason  o th e r 
m e th o d s were soug h t w h ich  m ig h t be m ore re la te d  to  p ra c tic a l conditions. T he 
ca rrie r m ethods, a lre a d y  used  in  bacterio log ical in v es tig a tio n s  were app lied . 
As i t  w as n o t possib le to  w ash  th e  sm all a m o u n t o f oocy sts  being used free of 
th e  ag en t i t  was assu m ed  th a t  th eo re tica lly  in  th e  case o f a nonvo la tile  ag en t 
or using  a h e rm etica lly  closed m oistu re  ch am b er th e  re a c tio n  tim e m ig h t be as 
long as th ree  days acco rd in g  to  th e  sp o ru la tio n  tim e . T h e  longest ev ap o ra tio n  
period  chosen w as six  h o u rs  to  avoid  an y  ex trem e  d ry in g  effect w hich m ay  
influence  th e  resu lts  o f th e  experim en ts.

A com parison  o f th e  resu lts  shows th a t  th o se  o f th e  ca rrie r techn iques do 
n o t in  all cases co rresp o n d  to  th e  resu lts  of th e  suspension  experim en ts an d  
d isagree in various cases w ith  each o ther. Some ag en ts  t h a t  p rev en ted  sporogony 
in th e  suspension te s t  as m odified  by  v .d . G u l d e n  an d  v . E r p  (1969) (am m onia, 
D ekasep to l, H elasep t, S ale rn il “ spezial” ) fa iled  to  a ffec t th e  sporogony in 
n ea rly  all oo cy st-ca rrier tech n iq u es  an d  vice v e rsa  (fo rm alin , Izal). In  c o n tra s t  
to  th is  E n i g k  (1939) fo u n d  in  his stud ies a sim ilar e ffec tiveness using th e  su sp en 
sion te s t  and  th e  w ooden  p la te  m ethod . This m ig h t be due  to  th e  g rea te r vo lum es 
per u n it  area  of th e  a g e n ts  he used.

T he reason for th e  d isagreeing  resu lts  using  d iffe re n t m ethods m ay  be 
due to  th e  degree a n d  ra te  of ev ap o ra tio n  o f th e  m a in  com ponen ts o f th e  
agen ts. A m m onium  h y d ro x id e  p roved  to  be v e ry  a c tiv e  in th e  suspension  
te s ts  as well as in  th e  tissu e  p ap e r ex p erim en ts  w ith  no ev ap o ra tio n  tim e . I f  
tim e  w as given to  allow  th e  am m onia  to  e v a p o ra te  in to  a large space, as w as 
done in  th e  o th e r c a r r ie r  tech n iq u es, th e  d is in fec tin g  cap ac itiy  was lo s t. 
A s im ila r effect m ay  be  s ta te d  reg ard in g  th e  d iffe ren t re su lts  ob ta in ed  w ith  th e  
ca rrie r m eth o d  (tissue p a p e r)  using he rm etica lly  an d  n o t  h erm etica lly  closed 
m o istu re  cham bers. As th e re  are  no d a ta  o b ta in ab le  in  re sp e c t of th e  e v a p o ra 
tio n  cond itions of th e  d is in fe c ta n ts  no r th e  so lu b ility  o f  th e ir  gaseous phases 
in  w a te r, th is  aspect, p o ss ib ly  expla in ing  som e o f th e  u n e x p e c te d  resu lts , c a n n o t 
be discussed in  th is  p a p e r .

T he resu lts  re p o r te d  a t  T ab le  IV  o therw ise show  t h a t  th e  effectiveness 
of vo la tile  agen ts is n o t  d ep e n d e n t on a d irec t c o n ta c t o f  th e  liqu id  phases w ith  
th e  oocysts.

A n o th er o b se rv a tio n  m ade in th e  course of th e  p re se n t in v estiga tions w as 
th a t  th e  chem ical an d  p h y s ica l p ro p ertie s  of th e  su rfaces on w hich th e  oocysts 
are d ropped  m ay  d is tin c tly  in fluence th e  re su lts  o f th e  agents exam ined . 
A lthough  th e  unw ashed  ceram ic  tiles w ere said  to  be  u n tr e a te d  w ith  an y  ag en t, 
we o b ta in ed  only  a p o o r sp o ru la tio n  re su lt w ith  som e o f th e  d isin fec tan ts . T he
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th o ro u g h ly  w ashed ceram ic tiles , how ever, gave good sp o ru la tio n  re su lts  using 
th e  sam e agents. M oreover in  one o f th e  experim en ts w ith  tis su e  p ap ers  as 
o o c y s t carriers i t  w as found  th a t  D ek asep to l h ad  a h igh e ffec tiveness if, in 
s te a d  o f a glass P e tr i  dish , a p la s tic  one h a d  been used. T h e  areas w here 
D e k a se p to l had  been app lied  to  th e  oocysts an d  th e ir  v ic in ity  w ere d is tin c tly  
ro u g h  and  opaque. I n  re p e titio n  ex p e rim en ts  care shou ld  also be ta k e n  re 
g a rd in g  th e  ca rrie r’s p hysica l p ro p e rtie s  because  e.g. in th e  case o f  ceram ic tiles 
th e s e  seem  to abso rb  m uch o f th e  d is in fe c ta n t, so th a t  even  a f te r  th o ro u g h  
w a sh in g  th ey  still sm ell s tro n g ly  o f som e o f th e  agents used.

In  the  case of th e  tw o series o f ex p erim en ts  w ith  c leaned  ceram ic  tiles the  
d iffe ren ce  in th e  re su lts  m ig h t he ex p la in ed  b y  th e  fa c t t h a t  th e  m o istu re  
c h a m b e rs  in the  f irs t  ex p erim en t w ere to o  w et, a phenom enon  n o t  observed  in 
th e  second ex p erim en t, w here th e  sp o ru la tio n  ra te  was poorer.

O nly  in case o f Iza l, a d e fin ite  decrease in its d is in fe c ta n t a c tiv ity  was 
fo u n d  w hen oocysts w ere m ixed  w ith  faeces.

T h e  agents te s te d  m ig h t y e t h av e  o th e r  effects on th e  oo cy sts , w hich  m ay 
n o t  necessarily  re su lt in th e  in h ib itio n  o f  sporogony h u t  re n d e r  th e  oocysts 
m o re  susceptib le to  en v iro n m en ta l cond itio n s, such as aging, h u m id ity , d ryness, 
s u n lig h t and decay ing  debris. I t  w as n o t possible to  a sc e rta in  these  effects 
w ith  th e  m ethods u sed  in th e  p re se n t in v estiga tions.

Some p a ra m e te rs  have  so fa r  been  neglec ted  in th e  e x p e rim en ts : th e  
v o lu m e  of the  e v a p o ra tio n  room  o r m o istu re  cham ber, th e  te m p e ra tu re  and 
e v e n tu a lly  the  p resence  o f w a te r. A ccord ing  to  our find ings th e se  h av e  to  be 
co n sid e red  in fu tu re  ev a lu a tio n s o f com m ercial d is in fe c ta n ts  co m b a ttin g  
exogenous stages o f p a ra s ite s . H ow ever, as long as th e re  e x is t no reg u la tio n s 
o f  th e  producers concern ing  th e se  p o in ts , th e y  m ay  be n eg lec ted  in  p rax is  
r e la te d  experim en ts.

T he purpose o f th e  p re sen t in v es tig a tio n s  was to  p ro v id e  a discussion 
b as is  to  assess th e  efficiency o f ex p e rim en ts  on d is in fec tan ts . T h e  suspension 
t e s t  as m odified b y  v.D. G u l d e n  an d  v . E r p  (1969) seems to  give m ore reliab le 
re s u lts  th a n  th e  suspension  te s ts  ap p lied  in th e  p as t. T his e x p e rim e n t is, how 
e v e r , n o t en tire ly  sa tis fa c to ry  if  u sed  a lone, since it  leads to o  fa r  aw ay  from  the  
reco m m en d a tio n s g iven  b y  th e  su pp lie rs  fo r th e  p rac tica l use . I t  m ig h t be a 
u se fu l an d  valuab le  p rim a ry  screen ing  m eth o d  w hich has to  be accom pan ied  
b y  o th e r  tests  u sing  th e  v a rio u s o o cy st-ca rrie r tech n iq u es. I t  seem s also 
n ec e ssa ry  to  d e te rm in e  th e  n u m b e r o f oocysts lost during  th e  suspension  te s t 
a n d  to  prove th e  v ia b ility  of th ese  lo s t oocysts in o rder to  g e t sa tis fa c to ry  
re s u lts  in d ep en d en t o f th e  d e n s ity  o f th e  flu id .

In  carrie r-ex p erim en ts  th e  follow ing fac to rs w hich m ig h t a ffec t th e  
r e s u lts  should be considered :

Volum e of th e  a g en t used  p e r  u n i t  a rea  o f co n tam in a ted  su rface , or in th e  
case  o f cham bers, p e r  u n it  vo lum e o f space;
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R atio  betw een  size of d is in fec ted  surface to  space vo lum e w here e v a p o ra 
tio n  ta k e s  p lace;

T im e p ro v id ed  for e v a p o ra tio n  in to  a large room  before closing th e  m ois
tu re  cham ber;

S o rt of th e  cham ber u sed ;
P o ro s ity  o f th e  ca rrie r a n d  its  possible p re lim in a ry  t r e a tm e n t w ith  

chem icals;
Species o f coccidia used  d u rin g  th e  experim en ts;
Presence or absence of d eb ris ;
T e m p e ra tu re  a t  w hich th e  ex p erim en ts  are done.
P rim ary  screening  using u n sp o ru la te d  oocysts in s tead  of sp o ru la ted  ones 

seem s to  be usefu l, as th is  is m u ch  easier and  cheaper. An a g e n t w hich  c a n n o t 
d e s tro y  such oocysts m ay n o t be w o rth  being exam ined  w ith  sp o ru la ted  oocysts. 
R eco m m en d atio n s based  on su ch  screening  resu lts  shou ld  o n ly  re ly  on a com 
b in a tio n  of d iffe ren t te s t m e th o d s , regard ing  also th e  h ig h er re s is tan ce  of 
sp o ru la te d  oocysts.

Since it  is n o t y e t know n if  th e  reac tions of d iffe ren t species of coccidia to  
chem ical agen ts a re  iden tica l, it m ig h t be necessary  to  exam ine all q u e s tio n 
ab le  species w ith  th e  agen t to  be  recom m ended.

R eg ard in g  th e  h igh re s is tan ce  o f th e  oocysts to  p h y sica l an d  chem ical 
ag en ts  ( S c h n e i d e r , A y e n i  a n d  D ü r r , 1971/72a, b) i t  seem s u n c e rta in  to  
d eve lop  d is in fec tan ts  w ith  100 p e r  c e n t efficiency u n d e r p ra c tic a l cond itions 
as req u ired  in b ac te ric id a l an d  fung ic idal in v es tig a tio n s , how ever th e  b es t 
h a s  to  be tried .

SUMM ARY

On the basis o f  own investigations practical and standardizable m ethods o f exam ining  
the effectiveness o f disinfectants on coccid ian oocysts have been discussed. Two m ethods 
have been used as screening experim ents for unsporulated oocysts o f E im eria  stiedai:

I. The suspension  te s t as m od ified  b y  v .d . Gu ld en  and  v. E h p  (1969);
II . The oocyst-carrier m ethod using:

a) pieces o f tissue paper,
b) ceramic tiles as used for anim al floors, and
c) glass slides.

The agents used included am m onium  hydroxide, formalin and som e of the com m ercial 
disinfectants.

The results show  that the suspension test alone is not sufficient for exam ining the effect 
of disinfectants on exogenous stages o f  parasites. It is necessary th at th is m ethod is supple
m ented by other more practice-oriented investigations, e.g. the oocyst-carrier experim ents 
regarding the suppliers recom m endations for practical use of the d isin fectant. Standardized  
tests regarding also the physical properties o f the disinfectants are to be developed.

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



122 AYENI et al.

R E F E R E N C E S

A y e n i , A. O.: Y et.-m ed . Diss. Giessen, 1969. B r a u e r , H. M.: V et.-m ed. Diss. Hannover, 
1966. E n ig k , K.: Arch. T ierheilk . 70 (1939) 439 — 488. I d e m : D tsch . Tierärztl. W schr., 1947, 
86 — 89. E n ig k , K. and H il b r ic h , P.: D tsch. Tierärztl. W schr., 1968, 488 — 492. Geit m a n n , 
H.: Y et.-m ed. Diss. B erlin , 1961. J u ng m an n , R.: M hfte V et.-m ed., 1965, 629—631. K otlán , 
A. and P e l l é r d y , L.: Á llatorvosi Lapok, 1934, 15. P e l e é r d y , L.: Coccidia and Coccidiosis. 
B udapest, 1965. L o n g , P. L.: Z. Parasitenk. 33 (1970), 329 — 338. R e x , F.: Vet.-m ed. Diss. 
H annover, 1943. Se c k , P. un d  Sch um a ch er , W .: Arch. f. K leintierzucht 2 (1941), 57 — 66. 
S c h n e id e r , D.: Personal com m unication, 1971. S c h n e id e r , D ., Ay e n i , A. O. and D ü r r , U.: 
D tsch . Tierärztl. W schr., 1971/72a, in press. I d e m : D tsch . Tierärztl. W schr., 1971/72b, in press. 
Gu l d e n , W. v.d . and E r p , A . v.: Dtsch. Tierärztl. W schr., 1969, 486 — 487. Y a k im o ff , W. L.: 
Tierärztl. Rundsch., 1932, 663 — 666. I d e m : Zbl. B akt. 1 132 (1934), 217 — 221. o.Y. — Deutsche 
G esellschaft für H ygiene und Mikrobiologie: R ichtlin ien  für die Prüfung chem ischer Desinfek
tionsm itte l. G. Fischer V erlag, Stuttgart, 2. A ufl., 1969.

Address of the authors: Dr. A. O. Ay e n i , D ept, o f Anim al Science, U niversity of Не, 
Ile-Ife, Nigeria; Dr. E . D in g e l d e in , 6000 Frankfurt/M ain —90, PO B 900160, B R D  (Address 
for requests of reprints); Dr. U . D ü r r , 6300 G iessen, Frankfurter Str. 94, B R D

Acta Veterinaria Academiae Scientiarum Hungaricac 22, 1972



BIBLIOGRAPHIA
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After the publication in 1964 o f  “ Clinical exam ination of cattle”  b y  Professor R osen
berger and his colleagues of the reputed Clinic for B ovine D iseases a t the Veterinary H igh  
School in H annover, readers were looking forward w ith  great expectations to this present 
volum e. Nor w ill th ey  be disappointed, for it  is a com pilation unprecedented in the world  
veterinary literature and it is o f a size far greater than even the delay in  publication would  
have lead one to  suppose.

The adoption o f teaching system s based on the different branches o f veterinary m edicine  
or on anim al species has been a m atter o f continuous dispute and the review er is wondering 
whether a unanim ous agreem ent can ever be reached on this point. In  the organization of  
training, certain personal problem s and objective circum stances are at least as relevant as 
tradition itself. I t  is, nevertheless, indisputable that the demand for veterinary experts w ith  
specialized training has becom e greater w ith  the industrialization of anim al breeding. Teaching  
of all branches o f veterinary m edicine is acceptable for the training o f general practitioners, 
but specialist postgraduate courses and the related textbooks have to be necessarily restricted  
to single or selected species o f anim als.

Professor Rosenberger’s book is equally valuable for undergraduate and postgraduate  
veterinarians.

There are essentially  four parts, dealing in succession w ith organic, infectious, parasitic  
and m etabolic diseases o f cattle , the la tter  including also the description o f various toxicoses. 
The tendency to concentrate non-epidem ic non-infectious diseases in the first part of the book  
could not be pursued throughout. For exam ple, enzootic bovine leucosis is described in  the  
chapter dealing w ith  organic diseases o f the lym ph nodes, though a later chapter is devoted to  
infectious diseases o f the lym phatic system . A lthough the causative agent o f bovine leucosis, 
supposedly an oncogenic virus, has not y e t been isolated , the infectious nature of the disease 
has been verified by Professor Rosenberger himself.

For those not fam iliar w ith the system  of grouping diseases according to  anim al species 
it  m ay seem  strange th a t though the book deals prim arily w ith  internal diseases, various 
procedures o f surgery, epizootiological inform ation and parasitic diseases are described in  
great detail. N aturally , there was no room  in this already large book for obstetrics and reproduc
tion biology.

In the individual chapters the diseases are as a rule discussed in the sequence of exam in
ations follow ed in differential diagnosis. N evertheless, the parasitoses m anifested  by cutaneous 
sym ptom s (dem odicosis, etc.) are left to the end of the chapter.

The book begins w ith  a short h istorical survey o f bovine diseases and their treatm ent, and  
an outline of the aims and significance o f veterinary hygiene in this respect. The tables included  
in th is chapter show data on cattle populations in  European countries and in other continents.

The discussion on organic diseases takes up 685 pages, more than one-third of the volum e. 
D iseases o f the hair, skin, subcutaneous connective tissue and cutaneous appendages (e.g. 
horns) are dealt w ith  first. Though the fetlocks are cutaneous structures, discussion of their  
abnorm alities is presented in another chapter as are local cutaneous changes (e.g. eczem a of 
the tail).
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The greater part o f the chapter on diseases o f the lym phatic system  is devoted to leucosis. 
This extraordinarily w ell w ritten  part gives m uch inform ation on the research work in this 
field  carried out in H annover. In the chapter on diseases of the hem opoietic  system , blood and 
spleen, the highly illustrative figures and tables contribute m uch to the valus of the te x t and 
are particularly helpful in the discussion of cardiac failure and the endocarditis syndrom e. 
U nfortunately , although the changes in the protein com position o f the blood plasm a are 
analyzed in detail, no inform ation is presented on syndrom es related to alteration of chemical 
com position of the blood (acidosis, alkalosis, etc.). D iseases of the upper airways (nasal passages, 
adnasal cavities, larynx, trachea), bronchi and lungs are dealt w ith  in great detail. Two hundred 
pages are devoted to diseases o f  the digestive system  which allows profound descriptions to be 
presented of pictures o f  great, practical im portance, such as traum atic reticulitis, m eteorism  
and obstruction of the oesophagus, aswell as of certain newly described conditions, such as the 
H oflund syndrome, rum inal acidosis and diseases o f the abom asum  as well.

In keeping w ith the principles followed in com pilation, the techniques of the surgical 
relief o f these conditions are outlined in the appropriate chapters, as e.g . in context o f intestinal 
invagination and abom asal displacem ent. Surprisingly, the pictures associated w ith paralysis 
o f cerebral nerves and m edulla  oblongata are dealt with among the diseases of the digestive  
tract. Description of liver and biliary duct disec ses is followed by discussion of abnormalities 
of the urinary tract and k id neys. Icterus and renal insufficiency are interpreted as com prehen
sive syndromes.

Description of d iseases o f the reproductive organs is com pleted by discussion of methods 
o f sterilization and ovariectom y. Diseases of the extrem ities include affections of joints, tendons, 
tendinim ous sheaths, bursae and peripheral nerves as well as sym ptom atology and treatm ent 
o f bone fractures and m uscle ruptures, congenital abnorm alities. Care is also outlined in these 
chapters. The 50 pages on diseases of the fetlock are followed by sections on affections of the 
neck, trunk, thoracic region, navel, abdominal wall and tail. D escriptions of diseases of the 
nervous system  and eye conclude this large first part of the book.

The part on in fectious diseases also com m ences with descriptions of conditions m ani
fested  by cutaneous changes. Variola, papillom atosis, gas oedem a and gas phlegm on, actino
m ycosis and trychophyth iasis are treated in great detail. The section on infectious diseases of 
the lym phatic system  includes much interesting inform ation on m ycotic infections of lym 
ph atic  organs. Respiratory diseases, such as parainfluenza, enzootic bronchopneum onia of 
adult cattle, rhinotracheitis, pleuropneumonia and pasteurellosis, are outlined in the chapter 
on respirators. In contex t o f the enteric infections various oral in flam m atory changes, mucosal 
disease, colibacillosis, salm onellosis, paratuberculosis, enterotoxaem ia, vibrionic enteritis and 
enteric m ycoses are discussed in more detail, and the same part deals w ith nephritis and 
pyelonephritis. Among d iseases o f the reproductive organs in fectious vulvovaginitis, vibrio- 
induced abortion and brucellosis receive the m ost attention as do rabies, Aujeszky’s disease, 
tetan u s and listeriosis am ong the infectious diseases affecting the nervous system . The part on 
the infectious diseases a ffecting  single organs is concluded w ith  description of infectious 
keratoconjunctivitis. Turning to infectious diseases affecting several organs or the entire 
anim al, one finds excellen t descriptions of foot-and-m outh disease, necrotic nasal catarrh, 
rinderpest, anthrax, lep tosp irosis and rickettsiosis.

The section on parasitoses takes up about 100 pages and there is a profound sense 
for the practical context. F irst to be treated are protozoan infections, followed by those due to 
roundworm s and tapew orm s. Cutaneous parasitic affections are discussed at the end of the 
section .

In acknowledgem ent o f  their particular significance for ca ttle  about 200 pages are 
devoted to metabolic and deficiency diseases including all necessary inform ation for even the 
m ost exacting veterinarian. The section on toxicoses deals w ith  diseases due to organic and 
inorganic poisons, drugs, deteriorated feed, m ycotoxicoses and poisoning by plants and animals. 
T he pictures of allergies and diseases due to physical agents, e.g. sunstroke, are also presented  
in th is chapter. A concise sum m ary of com m only applied therapeutic schedules is appended. 
I t  is clear from this survey o f  the book’s contents that a textb ook  o f great practical value is 
now available to veterinarians. Professor Rosenberger and his co-authors have rendered an 
invaluable service to veterin ary  medicine and science for which the reviewer feels obliged to 
express his thanks on beh a lf o f  the Hungarian veterinarians.

P r o f . Z. H orváth
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TYPE A INFLUENZA VIRUS INFECTION 
IN GUINEA FOWLS

By

J .  T a n y i

Veterinary Institu te (Director: G. H a jd ú ), Debrecen 

(R eceived February 10, 1971)

Investigations into avian influenza during the la st decade have shown that other birds 
in addition to chicken and duck (P e r e ir a  et al., 1966, 1967; R in a l d i et al., 1969) m ay harbour 
influenza virus strains o f different serotypes. P ositive  isolations have been made from the  
com m on tern (Sterna hirundo; R ow a n , 1962), turkey (Meleagris gallopago; L a ng  et al., 
1965; W e l l s , 1963), quail (Coturnix coturnix; R in a l d i et al., 1965), Japanese quail (Coturnix 
coturnix japon ica  ; R in a l d i et al., 1967), pheasant (P hasianus colchicus; R in a l d i et al., 1967) 
and partridge (P erdix perd ix; R in a l d i et al., 1968).

This p ap e r is a re p o rt o f th e  f irs t iso la tion  of in fluenza v iru s from  guinea 
fowls (N u m id a  meleagris) .  The ty p e  A in flu en za  v iru s concerned is th e  f irs t 
av ian  s tra in  ever iso la ted  in  H u n g ary . T he epizootology, sym ptom s an d  
path o lo g y  o f th e  disease w ere s tu d ied  in th re e  fie ld  o u tb reak s and  in fec tion  
ex perim en ts w ere perfo rm ed  w ith  th e  iso lates on dom estic p o u ltry , m am m als 
and  la b o ra to ry  ro d en ts . T he fo u rth  egg passage o f th e  f irs t iso late was exam - 
ned fo r cen ta in  d iag n ostica lly  im p o rta n t p ro p e rtie s  and  th e rm o sen sitiv ity .

Materials and m ethods

V irus iso la tion , ag ar gel diffusion p re c ip ita tio n  te s ts , h aem ag g lu tin a tio n  
and  h a e m a g g lu tin a tio n  in h ib itio n  te s ts , an d  p re p a ra tio n  of convalescen t sera 
for e x am in a tio n  w ere carried  o u t by  th e  co n v en tio n a l m ethods ( B e a r d , 1970; 
P e r e i r a  e t al., 1966, 1967). R eference an tig en s an d  an tise ra  were k in d ly  su p 
plied b y  th e  W orld  In flu en za  C entre (L ondon), th ro u g h  th e  co m p eten t D ivision 
of th e  W orld  H e a lth  O rgan iza tion  (G eneva). Specific an tise ra  to  the  iso lates 
were o b ta in e d  from  ex p e rim en ta l in fections to  be described la te r . The fo u rth  
egg passage of th e  f irs t iso late was used for in fec tion  experim en ts an d  for 
s tud ies of th e  p ro p ertie s  of th e  v irus.

Epizootology , sym ptom s and pathology o f  the natural infection

T he o u tb re a k s  occurred  in  tw o lay er flocks an d  a rearing  flock of one 
and  th e  sam e fa rm , a lth o u g h  th e  flocks were housed  a t a considerable d istance
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from  one an o th e r. B o th  lay er flocks becam e infec ted  in  an  adv an ced  stage  
o f th e  lay ing  period , u n d e r sa tis fac to ry  feed ing  and  m an ag em en t cond itio n s, 
w hereas m an ag em en t and  clim atic  co n d itio n s w ere co m p ara tiv e ly  less a d v a n 
tag eo u s for th e  grow ing  b irds.

In  th e  f irs t  o u tb re a k  s ta r tin g  in  M ay 1969, losses w ere in itia l a n d  did  
n o t in te rfe re  w ith  egg p ro d u c tio n , b u t  th e y  la te r  rose a b ru p tly  an d  su b se q u e n t
ly  th e  daily  egg y ie ld  declined from  a b o u t 85 %  to  30% . Since n e ith e r  a d ie t 
change, n o r a n tib io tic  t re a tm e n t n o ta b ly  red u ced  th e  losses or im p ro v ed  th e  
egg p ro d u c tio n  over th e  n e x t 3 —4 w eeks, th e  b irds were s lau g h te red  an d  
m a rk e te d  as tab le  guinea-fow ls.

T he o u tb re a k  am ong th e  rea rin g  gu inea  fowls began  in  N ovem ber 1969 
an d  to o k  a p ro longed  course; th e  d e a th  ra te  w as n o t too  h igh, b u t i t  p e rs is ted  
w ith  som e flu c tu a tio n s  a t  an  e levated  leve l fo r a considerab le tim e.

The th ird  o u tb re a k  occurred  d u rin g  th e  early  su m m er of 1970. In  th is  
case, losses rose som ew hat a lread y  in th e  ea rly  lay ing  period. Egg p ro d u c tio n  
grew  only  slow ly to  th e  70%  level (viz. fa r  less th a n  th e  m ax im um  p ro d u c tio n ), 
a n d  th e n  fell a b ru p tly  to  2 0 —4 0 % . A slow  im p ro v em en t began a few  days 
la te r . Losses d ecreased , while th e  egg y ie ld  g rad u a lly  c lim bed hack  over a b o u t 
one m o n th  to  7 0 % , w hen i t  again  d ro p p ed  a b ru p tly  an d  th e  m o rta li ty  ra te  
rose once m ore. S u b seq u en t egg p ro d u c tio n  f lu c tu a te d  betw een  30—4 0 %  an d  
losses rem ain ed  high. R ough  e s tim a tes  o f th e  h a tch in g  ra te  in d ica ted  th a t  i t  
w as as low as 4 0 — 50%  for several w eeks a t  th e  beg inn ing  of th e  o u tb re a k , 
em bryon ic  d e a th  occurring  as a ru le  a f te r  tw o w eeks of in cu b a tio n . D ead  
em bryos w ere b ac te rio log ically  sterile .

The b ird s  died  e ith e r w ith o u t show ing  sym ptom s, o r a fte r a te m p o ra ry  
genera l and  re sp ira to ry  illness (listlessness, cyanosis). In te re s tin g ly , a lm o st 
exclusively  fem ales w ere affected .

P o st m o rtem  ex am in a tio n  u su a lly  revea led  d iffe ren t degrees o f h y p er- 
aem ia an d  occasionally  a sligh t h y p e r tro p h y  o f all organs. In v o lv e m e n t o f th e  
in te rn a l re p ro d u c tiv e  organs w as fre q u e n tly  seen: ova  were d eg en era ted , 
ovaries an d  o v id u c ts  were in flam ed  an d  haem orrhag ic . S light b leed ings also 
occurred  in th e  p ro v en tricu lu s  an d  serous m em branes. T he serosae, above all 
o f th e  abdom ina l c a v ity  and  a ir sacs, w ere fa irly  often  coated  by  a de lica te  
fib rin  film . D egenera tion  of th e  liv er (an d  ra re ly  of o th e r organs) an d  c a ta r rh a l 
e n te ritis  w ere com m only  found . B acterio log ica l exam in a tio n s alw ays h ad  
neg a tiv e  resu lts .

In  ad d itio n  to  v iru s iso la tion , h aem ag g lu tin a tio n  in h ib itio n  (H I)  te s ts  
w ere p erfo rm ed  w ith  20 and  10 pooled  serum  sam ples from  th e  tw o  layer 
flocks, re spec tive ly , tak en  3 — 4 w eeks a fte r  th e  beg inn ing  of th e  o u tb reak s . 
E ach  serum  sam ple  (rep resen ting  a poo l from  2 — 5 b irds) was tr e a te d  w ith  
try p s in , h e a t an d  po tassiu m  p e rio d a te , th e  titre s  w ere alw ays above 1 : 10 an d  
m ost were 1 : 100. S epara te  ex am in a tio n  of serum  sam ples from  hens and
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ro o ste rs  during th e  th ird  o u tb re a k  show ed titre s  of 1 : 20 — 1 : 160 an d  1 : 1 0  — 
1 : 20, respectively . O f 20 in d iv id u a l serum  sam ples ta k e n  a few m o n ths a fte r  
th e  onset of th e  o u tb re a k , 16 s till h a d  low or m ed ium  h ig h  an tib o d y  titre s .

A p p aren tly  h e a lth y  gu inea  fow ls, ducks an d  hens from  n e a rb y  flocks 
possessed no serum  an tib o d ies  to  th e  iso lates, n o r to  s ta n d a rd  av ian  influenza 
v iru s  antigens.

In fection  experim ents

These were p erfo rm ed  on p o u ltry  (chickens, d ucks, tu rk ey s , gu inea 
fow ls), m am m als (sheep an d  sw ine) an d  la b o ra to ry  ro d e n ts  (mice an d  guinea- 
pigs). O ne-day-old b ird s  w ere in fec ted  e ith er in tra n a sa lly  an d  in to  th e  co n 
ju n c tiv a l sac w ith  100 or 10,000 E L D SO/0.2 m l v iru s , o r in traab d o m in a lly  
w ith  10,000 E L D 3O/0.2 ml. Tw o co n tro l groups w ere se t up  fo r th e  in tra n a sa lly  
in fec ted  b irds, using  chicks from  th e  sam e h a tc h in g ; one group served  as 
c o n ta c t contro ls, th e  o th e r w as k e p t  in  iso lation , h u t  u n d e r  sim ilar conditions. 
B ird s  in fected  a t  3—6 w eeks of age w ere tre a te d  accord ing  to  th e  sam e schem e. 
A few ad u lt chickens an d  ducks w ere in fected  in tra n a sa lly  and  in to  th e  con
ju n c tiv a l  sac. F ro m  each  p o u ltry  species a to ta l  of 30 — 50 day-o ld  b ird s  an d  
10 — 20 growing b ird s , d iv ided  in to  five  un ifo rm  g roups, w ere used. T he b ird s 
w ere observed fo r 14 — 28 days. B lood sam ples w ere ta k e n  a t  in te rv a ls  of 
3 — 5 days, and  as fa r  as possible tw o  b ird s o f each  g roup  w ere k illed a t  p re d e 
te rm in ed  tim es to  o b ta in  b lood  or organs for v iru s  iso la tion . One or m ore 
sheep  and  swine w ere in fec ted  a t  y o u n g  or a d u lt age w ith  ab o u t 1,000 E L D 50/ 
1 m l v irus, ad m in is te red  e ith e r  in tra n a sa lly  an d  in to  th e  co n ju n c tiv a l sac, 
o r in travenously .

A ltogether 50 m ice an d  20 guinea-pigs in  five  g roups each  w ere tre a te d  
on th e  sam e schedule  as p o u ltry  w ith  reg ard  to  v iru s  doses an d  in fection  
ro u tes .

R esu lts

Chicken. No b ird  becam e in fec ted  in an y  of th e  age groups. Serum  a n ti
bodies appeared  in  th e  in fec ted  an d  in -co n tac t b ird s  a f te r  8 days a t  th e  
ea rlie s t and  genera lly  a t  12 days.

D uck. In fec ted  an d  in -c o n ta c t b irds b eh av ed  s im ila rly  to  chickens, ex 
c e p t th a t  ducks in fec ted  above 3 w eeks of age d id  n o t p roduce  d em onstrab le  
am o u n ts  of an tib o d ies  a fte r  8 — 14 days.

A ttem p ted  v iru s  iso la tions from  em ergency s lau g h te red  an d  h e a lth y  
ap p earin g  chickens an d  ducks w ere in all cases n eg a tiv e .

Turkey. O ne-day-o ld  p o u lts : G row th  of in fec ted  a n d  in -co n tac t b ird s  
w as considerab ly  re ta rd e d  co m p ared  to  th a t  of iso la ted  con tro ls , an d  som e 
o f th e  form er d ied  a t  5 —12 days o f age, a fte r show ing listlessness an d  in ap p e t-
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ence fo r a few hours. G rossly , all dead  po u lts  show ed a s lig h t fib rinous in 
f la m m a tio n  of th e  a ir sacs, p a r tic u la r ly  o f th e  tho racic  sacs, an d  occasionally  
also o f th e  sinuses. T he v iru s  could  alw ays be re iso la ted  from  spon taneously  
d ead  b ird s, b u t only  ra re ly  an d  irreg u la rly  from  those w hich  h a d  been slaugh
te red  fo r blood collection  a n d  d isp layed  no gross lesions. A n tibod ies regu larly  
ap p ea red  in th e  serum  o f su rv iv in g  in fec ted  b ird s and  em ergency  slaugh tered  
b ird s  from  th e  12 th  d a y  a f te r  in fection .

G row ing p o u lts : T hese show ed no sy m ptom s, b u t  serum  an tibod ies were 
d em o n strab le  from  th e  8 th  d ay .

Guinea-fowl. D ay-o ld  age g roup : C a ta rrh a l co n ju n c tiv itis  and  rh in itis  
developed  a fte r 3 day s in b ird s  in o cu la ted  in tra n a sa lly  an d  in to  th e  con junc
t iv a l  sac, a fte r ab o u t 4 — 5 d ay s in  in traab d o m in a lly  in o cu la ted  b ird s an d  in 
c o n ta c t contro ls. F ro m  5 — 6 d ay s  to  14 days th e  g rea te r  p a r t  o f these  groups 
d ied  or h ad  to  be em ergency  s lau g h te red  a fte r  show ing severe g enera l sym ptom s 
fo r a re la tiv e ly  sh o rt period . A ntibod ies ap p eared  in th e  sera  of surv ivors 
a f te r  8 days. S p o n tan eo u sly  d ead  guinea-fow ls as well as in -co n tac t b irds 
s lau g h te red  a fte r th e  f ir s t  few  d ay s all h ad  a fib rinous sin u sitis  and  a few also 
e x h ib ite d  fib rinous aerosaccu litis .

G row ing guinea-fow ls in fec ted  a t  3 — 4 weeks of age developed  th e  d is
ease 3 —4 days a fte r  in fec tio n ; th e y  becam e listless an d  lo s t ap p e tite . One 
in tra n a sa lly - in tra c o n ju n c tiv a lly  in fec ted  b ird  an d  one in -c o n ta c t b ird  died 
show ing  severe genera l sy m p to m s a fte r  3 an d  5 days, re spec tive ly . A p art 
fro m  a general organic h y p e raem ia , no o th e r gross lesions w ere found . The 
v iru s  could be re iso la ted  from  b o th  carcases. T he rem ain ing  b ird s  recovered 
a f te r  an  illness of 2 — 3 d ay s. H I  an tibod ies appeared  in  th e  serum  a fte r 8 
d ay s. In tra -a b d o m in a lly  in fec ted  b ird s  an d  in -co n tac t con tro ls  possessed no 
d em o n strab le  an tibod ies a f te r  2 m o n th s, b u t  in in tra n a sa lly  in fec ted  birds 
an tib o d ies  persisted  for 3 m o n th s . The v iru s w as alw ays re iso la ted  from  spon
ta n e o u s ly  dead or em ergency  s lau g h te red  b ird s  w ith  e s tab lish ed  gross lesions, 
h u t  ra re ly  if  th e re  w ere no gross changes, an d  th e n  only  from  th e  lungs.

M am m als. Sheep and sw in e:  In tra c o n ju n c tiv a l an d  in tra v e n o u s  infec
tio n  o f young an d  a d u lt an im als  n e ith e r  caused sy m ptom s n o r d id  it  evoke a 
d em o n strab le  serological im m u n e  response.

Laboratory rodents. In  p rev io u s im m uniza tion  ex p erim en ts  one guinea- 
p ig  d ied  show ing sy m p to m s o f fib rin o u s p e rica rd itis , p leu ritis  an d  acu te  c a ta r 
rh a l pneum on ia  3 days a f te r  v iru s  in fec tion , while a n o th e r d ied  w ith  sem i
a c u te  c a ta rrh a l p n eu m o n ia  b e tw een  2 — 3 w eeks. V irus w as re iso la ted  from  
lu n g  lesions of b o th  an im als. In fec tio n  experim en ts  were th e re fo re  also carried  
o u t w ith  fu rth e r  gu inea-p igs an d  also m ice, according to  th e  five-g roup  sched
u le  used  for p o u ltry .

M ice. Two m ice from  each  group w ere k illed every  5 th  d ay  to  o b ta in  
b lood  sam ples. Mice in fec ted  in tra n a sa lly  w ith  th e  low v iru s  dose (100 E L D 50/
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0.2 ml) did n o t show  sym ptom s. A m o n g  those in fec ted  w ith  the  h igher dose 
(10,000 E L D so/0.2 ml) a m inor o u tb re a k  of p a ra ty p h o id  developed , k illing  
som e of them  be tw een  3 and 10 d ay s. R eiso la tion  was n o t a tte m p te d  from  th e  
carcases. Of th e  a p p a re n tly  h ea lth y  an im als  k illed a t  5 day s those g iven th e  
h igher dose d isp lay ed  acu te  c a ta r rh a l pneum onia ; lesions were of p in -h ead  
size and the  v iru s  w as reisolable from  th e m . Mice given th e  low er dose, as well 
as th e  in -co n tac t an d  unexposed co n tro ls  possessed no  an tibod ies, w hereas 
th o se  given th e  h igher dose show ed a dem onstrab le  a n tib o d y  level a f te r  15 
days.

Guinea-pigs. In tra n a sa l in fec tio n  w ith  the  h igher dose (10,000 E L D 50/
0.2 ml) caused a s lig h t w eight loss. A n tib o d ies  ap p ea red  10 days a fte r  in t r a 
n asa l or in tra a b d o m in a l infection w ith  th e  high dose an d  a t  15 d ays a fte r  
inocu la tion  of th e  low er in tra n a sa l dose as well as in th e  in -co n tac t con tro ls . 
T itre s  were h ig h est in  th e  group in o c u la te d  in tra n a sa lly  w ith  th e  h ig h er dose.

Virological exam inations

The tw o s tra in s  iso lated  in 1969 orig inally  show ed a d is tin c t an tigen ic  
re la tionsh ip  w ith  th e  in fluenza  v iru s  s tra in  D u ck /E ng land /62  an d  a less d is
t in c t  re la tionsh ip  w ith  Q u a il/Ita ly /1 1 17/65 s tra in  w hen te s te d  b y  th e  H I  te s t . 
T hese re la tionsh ips becam e g rad u a lly  reversed  d u rin g  su b seq u en t tra n sfe rs , 
u n til  in th e  8 th  passage , w hereas th e  second becam e m ore  p ronounced . The 
s tra in  iso lated  from  th e  o u tb reak  in  1970, how ever, w as from  th e  s ta r t  re l
a ted  to  the  I ta l ia n  quail s tra in  on ly .

The fo u rth  egg passage of th e  f i r s t  iso late was u sed  to  s tu d y  fu r th e r  th e  
p roperties of th e  v iru s , because a t  th is  stage an tigen ic  re la tio n sh ip  to  b o th  
th e  D uck /E ng land /62  and  th e  Q uail/Ita ly /1117 /65  s tra in s  still ex isted .

The v iru s grew  read ily  in  th e  a llan to ic  cav ity  o f  ch icken , guinea-fow l, 
goose and  duck  eggs. E m bryon ic  d e a th  u sua lly  o ccu rred  betw een  72 — 144 
hours, in freq u en tly  w ith in  as little  as 24 hours. T he av erag e  m in im al le th a l 
dose killed th e  em bryo  in  ab o u t 120 h o u rs . The H A  ti tr e s  o f chorio -a llan to ic  
flu id  varied  from  1 : 8 to  1 : 2,048 a n d  were inverse ly  re la te d  w ith  th e  in 
fec tive  t i t re  of th e  inocu lum  an d  d ire c tly  re la ted  w ith  th e  tim e  of d ea th . T he 
h ig h est H A  titre s  w ere m easured  in  a llan to ic  flu id  from  eggs th a t  h ad  been 
in ocu la ted  w ith  a low -in fec tiv ity  m a te r ia l  an d  p ro b ab ly  in  re la ted  iso la tions 
an d  reisolations (e.g. from  guinea-p ig). In  em b ry o n a ted  h e n ’s eggs, haem ag- 
g lu tin in s ap p eared  in  th e  em bryo , y o lk  sac, am nio tic  a n d  chorio -a llan to ic  
m em brane. As long as th e  em bryo  w as v iab le  am nio tic  a n d  yo lk  t i tre s  were 
scarcely  m easurab le , if  a t  all, h u t  th e  chorio -a llan to ic  m em b ran e  t i tre  a p p ro x i
m a te d  th a t  of th e  flu id . The t i t re  o f th e  y o lk  sac wall w as m ostly  average , b u t 
in 10 — 20%  of th e  cases i t  rose to  a v e ry  h igh  level (1 : 4 ,096), exceeding even
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t h a t  o f the  a llan to ic  f lu id . Y o lk  sac an d  cho rio -a llan to ic  m em b ran e  ti tre s  
also  seem ed to  depend  on  th e  in fective t i t r e  o f th e  inoculum  an d  on th e  tim e  
o f em bryonic  d ea th . T h e  in fec tive  t i tre  o f th e  cho rio -a llan to ic  flu id  v a ried  
b e tw een  10°—108.

Therm osensitivity o f the virus

U n dilu ted  ch o rio -a llan to ic  flu id  re ta in e d  its  in fe c tiv ity  on exposure 
a t  56 °C fór 50 m in u te s , b u t  lo s t i t  com plete ly  a t  56 °C in 60 m in u te s , a t  65° C 
in  30 m inu tes, an d  a t  37 °C in  20 days. In fe c tiv ity  was u n a ffe c ted  a fte r several 
m o n th s ’ storage a t  ro o m  te m p e ra tu re  an d  n o t d em o n strab ly  low er a fte r one 
a n d  a h a lf  years a t  —20 °C.

H aem ag g lu tin a tio n  t i t re s  rem ained  u n ch an g ed  a f te r  in cu b a tio n  a t  
37° a n d  56 °C for th e  tim e s  req u ired  to  in a c tiv a te  in fec tiv ity , b u t  th e y  te n d e d  
to  decrease slowly a t  lo w er te m p e ra tu re s .

Discussion

Iso lations o f th re e  in flu en za  v iru s s tra in s  from  o u tb re a k s  of th e  disease 
in  a d u lt  and  rea rin g  gu inea-fow l flocks d u rin g  1969 —1970 show  th a t ,  like 
sev e ra l o ther b ird  species, guinea-fow l are suscep tib le  to  n a tu ra l  av ian  influenza 
v iru s  infection.

D uring  successive tra n s fe r  th e  surface an tigen ic  a c t iv i ty  of th e  f irs t  
iso la te  changed ra p id ly  to w ard s  th e  p ro p ertie s  o f a m ore s ta b le  s tra in , o rig inally  
iso la te d  in I ta ly  fro m  qu a ils . T he th ird  iso la te  was n e a rly  id en tica l w ith  th e  
“ tra n sfo rm e d ” f ir s t  iso la te . In  view  of th e  uncom m on lia b ility  of in fluenza  
v iru se s  to  an tigen ic  v a r ia t io n , th e  question  m ay  be posed w h e th e r such t r a n s 
fo rm a tio n  depends on th e  b io logical-b iochem ical cond itions in  th e  lab o ra to ry  
o r  in  the  field.

The m o rta litie s  a n d  decline of egg p ro d u c tio n  th a t  o ccu rred  during  th e  
o u tb re a k s  were in  a ll p ro b a b ili ty  due to  severa l fac to rs, o f w hich  influenza  
in fec tio n  was only  one. D esp ite  th e  fa ilu re  of a tte m p ts  to  iden tify  a t  le a s t 
som e o th e r fac to rs , th e  u n ifo rm ity  of th e  clinical p ic tu re  a n d  its  s im ila rity  
w ith  v ira l in fluenza o f o th e r  av ian  species in d ica te  th a t  it  p lay ed  th e  decisive 
ro le .

The clinical m a n ife s ta tio n  of in fluenza  itse lf  d ep en d s on pred isposing  
fa c to rs . G iven p o p u la tio n s  o f ce rta in  av ian  species h av e  been  shown to  be 
sy m ptom less carrie rs  o f  in flu en za  v iru s w ith o u t possessing mu c h  an tibod ies, 
i f  a n y  ( H o m m e  e t ah , 1970a, b). Clinical illness is elicited b y  a v a r ie ty  of o ften  
p o o rly  u n derstood  fa c to rs , such  as increased  stress on th e  organism  (e.g.
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h igh  egg p ro d u c tio n  in  genetica lly  well es tab lish ed , a p p ro p ria te ly  fed lay e r 
flocks), m an ag em en t fa ilu res (e.g. h igh  stock ing  d en sity ), a b ru p t c lim atic  
changes (e.g. cold stress), etc. As a ru le  th e  p red isposing  fac to rs can  be con
tro lled  only p a r tia lly , because som e are occasional or m a y  be re la ted  to m a rk e t
ing  or o ther econom ic tran sac tio n s .

SUMM ARY

In 1969— 70 three outbreaks of influenza were observed in H ungary among guinea- 
fow l (N u m ida  m eleagris)  in  two layer flocks and a rearing flock, each consisting of 4 ,000— 
6,000 birds, a 50 km  long farm unit. The disease caused a considerable depression of egg pro
duction and some m ortality . Most birds died abruptly, w ithout exhibiting clinical sym ptom s, 
but grossly they bad hyperaem ia and haemorrhages of internal organs, degeneration and 
inflam m ation of the inner reproductive organs, and a fibrinous inflam m ation of air sac serous 
membranes. Blood sam ples collected from two outbreaks contained haem agglutination in 
hibiting (H I) antibodies.

The fourth egg passage of the first isolate was pathogenic only  for day-old and growing 
guinea-fowls and turkey poults, but it elicited an im m une response in various bird species 
(chicken, duck, turkey, guinea-fowl) and laboratory rodents (m ouse, guinea-pig) of different 
ages, infected w ith it  directly or by contact.

Isolates from the first two outbreaks were antigenically  related to the strains D uck/ 
England/62 and Q uail/Ita ly /65 , whereas the isolate from the third outbreak was related to 
the second strain only. The first isolate gradually lost its relationship w ith Duck/England/62  
during successive transfers until by  the eighth  passage it could no longer be differentiated  
from the third isolate. The therm osensitivity and certain other properties of the isolates were 
similar to those of related viruses.

These isolations of influenza virus are the first to be reported from guinea-fowl and the 
first avian influenza virus isolations in H ungary.
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QUANTITATIVE CHANGES OF CLOSTRIDIA 
IN THE INTESTINE OF EARLY-WEANED PIGS 
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A naerobic b ac te ria  form  a s u b s ta n tia l  com ponen t o f th e  in te s tin a l flo ra  
of pigs an d  h av e  been  im p lica ted  in  th e  pathogenesis o f sw ine g as tro en te ritis  
( M é s z á r o s  an d  P e s t i , 1966; P e s t i , 1970). As th e  iso la tion  and  cu ltiv a tio n  
o f anaerobes from  th e  in te s tin e  in v o lv e  various tech n ica l d ifficu lties, i t  seem ed 
w orthw ile to  com pare  th e  re su lts  o b ta in e d  b y  v a rio u s  m eth o d s o f iso la tion .

M aterials and methods

The litte rs  o f tw o b reeder sows from  the  herd  o f a s ta te  fa rm , a to ta l  of 
e igh teen  p ig le ts , w ere used in th e  ex p erim en ts . F a rro w in g  to o k  place u n d e r 
average  w in te r cond itions and  one l i t te r  was w eaned  a t  21 days o f age, the  
o th e r a t 28 days. D uring  th e  e x p e rim e n ta l period th e  an im als received an  a n ti
b io tic -co n ta in in g  feed (P h y lax ia , B u d ap est)  w hich h ad  p rev iously  been ex 
am ined  bacterio log ically . No p ro p h y la c tic  or sy m p h y lac tic  t re a tm e n t was 
perfo rm ed . F o r  th e  purpose  of b ac te rio log ica l ex am in a tio n  of th e  in te s tin a l 
t ra c t ,  th e  an im als  w ere killed in  a p red e te rm in ed  sequence, depend ing  on th e  
tim e  of w eaning. One gram m e sam ples of chym e (co n ta in in g  ab o u t 25 %  m u co 
sal scrap ings to  p ro m o te  cu ltiv a tio n  o f  anaerobes) w ere co llected  from  d ifferen t 
segm ents of th e  in te s tin e  by  as fa r  as possible sterile  te ch n iq u e , th e  segm ents 
being  lig a ted  in  th e ir  original p o s itio n  before being c u t o u t. T he sam ples were 
hom ogenized in 9 m l buffer ( M i t s u o k a  c t al., 1965), c o n ta in in g  0 .1%  ag ar and
0 .05%  cystine-H C l an d  ten fo ld  se ria l d ilu tions of th is  suspension w ere in 
ocu la ted  in to  th e  follow ing m edia:

1. Sem i-so lid  su lp h ite  ag ar (SA) ( T a k á c s , 1967). P r io r  to  inocu la tio n , 
1 m l of each d ilu tio n  step  was p ip e tte d  in to  a tu b e , h e a t- tre a te d  a t  80 °C 
fo r 10 m inu tes a n d  covered w ith  15 m l fresh ly  p rep ared  ste rile  m ed ium  w arm ed  
to  5 0 —60 °C te m p e ra tu re . T his p ro ced u re  m ade possib le th e  co u n tin g  of 
th e rm o ré s is ta n t spores in th e  te s t m a te r ia l, th e  h ea t t r e a tm e n t  fu rn ish ing  the  
te m p e ra tu re  req u ired  for spore a c tiv a tio n . The cu ltu res  w ere in cu b a ted  for 
72 hours a t  39 °C.
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2. SA -)- 1000 у /m l D -cycloserine ta r t r a te  (C hinoin, B u d ap est) . The 
a d d itio n  of D -cycloserine p e rm its  selective iso la tion  of all ty p es  o f Clostridium  
p erfringens  (F űzi a n d  C s u k á s , 1968) w ith o u t h e a t t re a tm e n t, th u s  enabling  
th e  d em o n stra tio n  o f th e rm o sen s itiv e  spores an d  v eg e ta tiv e  fo rm s. C lostridia 
g row ing  in  th is m edium  w ill fu r th e r  on be re fe rred  to  as “ v e g e ta tiv e  organ ism s”  
fo r th e  sake of sim p lic ity . T he cu ltu res  w ere in c u b a te d  fo r 72 h ours a t  39 °C.

3. Reinforced C lo strid ia l M edium  (RCM ). S treak  p la te s  w ere p repared  
fro m  th is  m edium  to  iso la te  c lo strid ia  an d  b ac te ro id es  ( F u l l e r  a n d  L e v , 1964). 
T h e  cu ltu res  were in c u b a te d  fo r 4 days a t  37 °C, u n d e r an aero b ic  conditions.

4.  L actose-eggyolk-m ilk  m ed ium  - f -  200 y jm l neom ycin  su lp h a te  (W il l is  
a n d  F I o b b s , 1959). P la te s  p rep a red  from  th is  m ed ium  w ere u sed  for iso lation  
a n d  — afte r tra n s fe r  to  H o lm an  m edium  w ith  th e  a n tib io tic  com ponen t 
o m itte d  — id e n tific a tio n  o f p u re  cu ltu res.

A naerobic co n d itio n s  w ere p ro v id ed  in  a glass ja r  o f 15 litre  volum e, 
u s in g  pyrogallic acid  a n d  N aO H  ( P e l c z a r , 1957). A bou t 2 — 3 hours elapsed 
b e tw een  sam pling a n d  se tt in g  up  o f th e  cu ltu res  in th e  anaerob ic  env ironm en t.

C om plem entary  m icroscopic ex am in a tio n s an d  fu r th e r  cu ltu rin g  were 
p e rfo rm ed , if  req u ired , to  o b ta in  m ore in fo rm atio n .

R esu lts

The m ethods describ ed  in  th e  foregoing served  above all for th e  isolation 
o f  c lostrid ia  and  aspo rogen ic  anaerobes te rm ed  co llectively  as bactero ides.

A gar stabs in  SA  m ed ium  p ro v ed  to  be m o st su itab le  fo r th e  assessm ent 
o f  th e  q u a n tita tiv e  re la tio n sh ip s  of iso la ted  clostrid ia . T he resu lts  o b ta ined  
w ith  high d ilu tions o f  60 su lp h ite -red u c in g  s tra in s , p rev io u sly  tran sfe rred  to  
H o lm an  b ro th , are sh o w n  in T ab le  I . A dd itio n  o f D -cycloserine to  SA fu r th e r  
p ro m o ted  c lostrid ial g row th . S everal au th o rs  have  suggested  th e  use of neo
m ycin -con ta in ing  m ed ia  for c lo strid iu m  iso la tion  from  sw ine in tes tin e . This is 
n o t  advisable, espec ia lly  w hen th e  m a te ria l derives from  an im als, because 
neo m y cin  suppresses th e  g row th  of ty p e  C C lostridium  perfringens  ( N a r a y a n , 

1965) w hich has b een  show n to  p lay  an im p o r ta n t role in th e  pathogenesis 
o f  sw ine g as tro -en te ritis  ( M é s z á r o s  an d  P e s t i , 1966; P e s t i , 1970).

The Willis — H o b b s  lactose-eggyolk-m ilk  m edium  w as less su ited  th a n  
SA  fo r c lostrid ium  iso la tio n  from  chym e. R eadings w ere m ore d ifficu lt th a n  
b o th  SA and RCM a n d  se lec tiv ity  was u n sa tis fac to ry , ow ing p ro b ab ly  to  th e  
h ig h  w ater v ap o u r c o n te n t in  th e  glass ja r ,  w hich m ay  h av e  a lte red  th e  su r
face conditions o f th e  cu ltu re .

For certa in  in te s t in a l  segm ents th e  c lo strid ia l coun ts es tab lish ed  on RCM 
p la te s  were several o rd e rs  low er th a n  those  o b ta in ed  on SA m ed ium . This m ay  
h av e  been due to  th e  om ission of th e  hea t t re a tm e n t req u ired  fo r th e  ac tiv a tio n

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



QUANTITATIVE CHANGES OF CLOSTRIDIA 135

T able  I

Biochem ical reactions o f Clostridium  perfringens isolated from  alim entary tract o f pig

final pH after 

6 days

reading after 

3 days

of c lostrid ium  spores ( R o b e r t s , 1968) o r, on th e  o th e r h a n d , to  th e  less v ig 
orous anaerobic  te c h n iq u e s  used. A fte r in c u b a tio n  fo r 4 days a t 37 °C, th e  
c lo strid ia  form ed s lig h tly  w rink led  yellow ish  colonies a b o u t 0.5 cm in d iam ete r 
on th e  RCM agar; th e  h aem oly tic  a c t iv i ty  o f th e  colonies w as non-uniform . 
T he b a c te ria  them selves w ere Gram  v a ria b le , o ften  f ilam en to u s  rods w hich 
fo rm ed  spores in E lln e r’s b ro th .

A sporogenic an ae ro b es  also grew on th e  RCM ag a r, especially  on p la tes 
seeded w ith  sam ples fro m  th e  posterior in te s tin a l t r a c t .  T hese organism s fo rm ed  
sm all, dew drop-like co lonies having on ly  a s ligh t h aem o ly tic  a c tiv ity , if  any . 
A t a m agn ifica tion  of 1 : 100, these colonies ap p ea red  slig h tly  g ran u la r, w ith  
u n d u la te  edges, an d  th e y  w ere often p it te d  ow ing to  ph ag e  ac tiv ity . M ost 
colonies consisted  of G ram -n eg a tiv e  coccoids of v a ried  size som e of w hich h ad  
a g ra n u la r  cy top lasm , b u t  a few colonies ap p eared  as c lum ps of m ark ed ly  
p o ly m o rp h o u s rods. V ario u s au thors w ho h av e  used  th e  sam e techn ique are 
o f th e  opinion th a t  th e se  b a c te r ia  belong ch iefly  to  th e  fam ily  R actero idaceae 
an d  som e to  th e  genus Veillonella  ( F u l l e r  an d  L e v ,  1964). O n exam in ing  th e  
in te s tin a l flo ra  of p ig le ts  w eaned  a t an  e a rly  age, K e n w o r t h y  an d  C r a b b  

(1963) fo u n d  th a t  th e  coccoid  form  of asporogen ic  an ae ro b es p redom ina tes up 
to  45 days of age. T his is in  good ag reem en t w ith  experience  in  th e  p re sen t 
s tu d ies.

T he q u a n tita tiv e  re la tio n sh ip s  of asporogenic  an ae ro b es  rep o rted  here 
fa il to  confirm  th e  genera l v iew  th a t  th e ir  co u n t in  p ig  large in te s tin e  am oun ts 
to  10°—10 ’°. This d isc rep an cy  was in a ll p ro b a b ility  due  to  shortcom ings of 
th e  an ae ro b ic  tech n iq u e  app lied .

Since six of th e  18 ex p erim en ta l p ig le ts , th ree  from  each  l i t te r , developed 
clin ically  an d  bacterio lo g ica lly  verified E . coli e n te ro to x a e m ia , an  o p p o rtu n ity

Opalescence +
Lactose-eggyolk-milk Lactose

medium Pearly layer —
Proteolysis -
Glucose 4.1

Lactose 4.6
Phenol red broth base 

(Difco В 92) pH =  7.8
Sucrose

Mannitol

4.1

7.4
Salicin 7.6

Ellner’s sporulation Sporogonie 49
medium Asporogonic 11

RCM—blood agar
Strongly haem olytic 50

W eakly haem olytic 10
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p re s e n te d  to  com pare th e  co u n ts  o f th e  th ree  groups of b a c te ria  in h e a lth y  
a n d  diseased  anim als. F ig. 1 show s co u n ts  (log 10) for sam ples o f chym e ta k e n  
fro m  d iffe ren t in te s tin a l segm ents o f h e a lth y  anim als. The shapes o f th e  curves 
c le a rly  ind ica te  th a t  ex cep t for th e  d u o d en u m  and  je ju n u m , w hich  co n ta in ed  
o n ly  spores, th e  coun ts for th e  v e g e ta tiv e  form s of c lo strid ia  w ere 1 — 2 ex p o 
n e n ts  h igher com pared  to  those  fo r sporogenic form s. T h is is in  good accor-

log 10/g

4,0 3,5 60 5,7 6,6 6,7 6,3 6,7 -pH
0 J ------ 1------ 1------- 1----- 3------- 1------ 1-------1-------1-------H

S, S j D 0 I, I2 C Co R

F ig . 1. Q uantitative changes of certain anaerobic bacteria of the alim entary tract o f healthy  
p ig lets . Sj, stom ach (oesophageal part); S 2, stom ach (pyloric part); D , duodenum ; J, jejunum ; 

Ij, ileum (proxim al part); I 2, ileum  (distal part); C, caecum; Co, colon; R , rectum . 
------------- clostridial spores; — — — vegetative  clostridia; — .— .— .— bacteroides

dan ce  w ith  th e  observ a tio n  ( F u l l e r  and  M o o r e , 1967) th a t  lip ids an d  bile 
ac id  sa lts  m ay  suppress c lo strid ia l g ro w th  in th e  sm all in te s tin e . T h is in h ib itiv e  
e ffec t seem s to  h av e  been s tro n g e r  th a n  th e  selective effect o f gastric  p H , 
d e sp ite  th e  low acid  re sis tan ce  o f c lostrid ia . The co u n ts  of v eg e ta tiv e  an d  
spo rogen ic  form s again  d iffered  m ark ed ly  in th e  large in te s tin e , owing very  
lik e ly  to  th e  slow er peris ta ls is  an d  th e  absence of in h ib ito ry  effects in  th is  
segm en t.

The an im als suffering  from  E . coli en te ro to x aem ia  show ed th e  know n  
a lte ra tio n s  o f  co u n ts  o f coliform s an d  haem oly tic  E. coli s tra in s  ( S o j k a , 1965; 
S z a b ó , 1964a, b). The q u a n ti ta t iv e  re la tionsh ips of th e  v e g e ta tiv e  an d  spo ro 
genic form s o f c lo strid ia  are  d isp lay ed  in  Fig. 2. D ifferences from  th e  h e a lth y  
s ta te  were spore coun ts fell b y  one ex p o n en t and  counts of v e g e ta tiv e  form s rose 
b y  1 —1.5 ex p o n en ts  co m p ared  to  no rm al. D ifferences w ere less p ro n o u n ced  in 
th e  large in testin e  (F ig . 3) and  could  n o t be d e m o n s tra te d  b y  bac te rio lo g ica l 
ex am in a tio n  of th e  faeces.
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log 10/g

Fig. 2. Q uantitative changes of certain anaerobic bacteria o f the alim entary tract o f scouring
piglets

'од то/ g

6 -

5 -

Fig. 3. Clostridial flora in the hea lthy  and scouring piglets. 1, clostridial spores; 2, vegetative  
clostridia. □  healty  piglets; H i scouring piglets
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Discussion

Changes in th e  q u a n ti ta t iv e  re la tio n sh ip s  o f v eg e ta tiv e  c lo strid ia  and  
spo res in  th e  d ifferen t in te s tin a l segm ents alw ays re flec t th e  local en v iro n m en ta l 
fa c to rs  con tro lling  c lo s trid ia l g ro w th . In h ib ito ry  fac to rs  p re se n t in  th e  d u o d e
n u m  a n d  je ju n u m  d estro y  th e  v e g e ta tiv e  phase an d  m ay  even  reduce  spore 
c o u n ts . In  pigs th e  d e s tru c tio n  o f v e g e ta tiv e  c lo strid ia  ta k e s  p lace  in  th e  sm all 
in te s t in e  ra th e r  th a n  in  th e  sto m ach . Since all of th e  v eg e ta tiv e  cells are  m iss
in g  in  th e  sm all in te s tin e  of h e a lth y  p ig le ts, in te s tin a l c lo strid ia l co u n ts  p ro 
b a b ly  depend  on th e  ingestion  o f spores. The in h ib ito ry  fac to rs  seem  to  be 
less o p era tiv e  in  th e  la rg e  in te s tin e  w hile th e  slow peris ta ls is  p ro m o tes  th e  
a c tiv a tio n  of spores. In  th e  p ig lets w ith  E . coli en te ro to x aem ia  — a lth o u g h  the  
n u m b e r  of exam ined  an im als in v o lv ed  w as, o f course, too  low  to  p e rm it 
g en era l conclusions — th e  re la tio n sh ip  of spore a c tiv a tio n  c learly  d iffered  from  
th o se  of h ea lth y  an im als . T he spore co u n t fell, b u t  th is  w as due  ch iefly  to  a 
d e fin ite  rise of th e  c o u n t of v e g e ta tiv e  form s. I t  m eans a m ark ed  m ob iliza tion  
a n d  ac tiv a tio n  of c lo strid ia  in th e  sm all in te s tin e  o f p ig le ts  d u rin g  th e  disease. 
T h is  phenom enon  w as less p ro n o u n ced  in  th e  large in te s tin e  (F ig . 3) an d  faecal 
ex am in a tio n s  show ed no  in d ica tio n  o f change. T h e  disease p rocess begins in 
a ll p ro b a b ility  w ith  th e  m u ltip lic a tio n  o f pa th o g en ic  E . coli s tra in s , th e  to x in s  
o f  w h ich  a lte r th e  m ucosa in  fa v o u r of c lo strid ia l g ro w th  ( M é s z á r o s  an d  P e s t i , 

1966; P e s t i , 1970). T h is in te rp re ta tio n  is su p p o rted  b y  th e  o b se rv a tio n  th a t  
m o b ilisa tio n  was especially  d is tin c t in  ad v an ced  co li-en te ro to x aem ia . T he 
to x in s  released d u rin g  c lo strid ia l g ro w th  are p ro b ab ly  responsib le  fo r th e  e n 
te r i t is  w hich occasionally  com plica tes th is  disease.

*

Acknowledgement. The author is indebted to  Miss Em m a Sz in e s i for her efficient 
technical assistance.

SUMMARY

Comparison of m ethods of iso lation  of certain in testinal anaerobes revealed  that in 
hea lthy  pigs, the counts o f  vegeta tive  clostridia and spores differ in the large intestine, owing  
to the influence of local inhibitory factors.

Pigs affected b y  enterotoxaem ia, however, showed an activation  of clostridia in the  
sm all intestine, resulting in the rise o f vegeta tive  forms and fall o f spore counts. It is suggested  
th a t the toxins released during clostridial m ultiplication play a role in the enteritis which  
occasionally  com plicates enterotoxaem ia.
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(E ingegangen am 15. Oktober 1971)

Diese A rbeit b ild e t den v ie rten , e rgänzenden  Teil der u n te r  dem  T itel 
» R ön tgenanatom ie  d er H irn schäde lknochen  des P ferdes, des R indes u n d  
des Schweines« v e rö ffen tlich ten  M itte ilungen . Im  V ergleich zu den v o ran g eh en 
den A rb e iten  h a t sich diese A ufgabe als w esentlich  kom p liz ie rte r erw iesen 
u n d  e rfo rd e rte  e ingehendere S tud ien , da näm lich  die Schädelknochen  der 
einzelnen H u n d e a rte n  — im  G egensatz zu den übrigen  H au stie ren  — b ed eu ten d e  
A bw eichungen  erkennen  lassen.

N ach  der a llgem einen , der L änge des Schädels en tsp rechenden  G ru p p ie 
ru n g , w erden  die H u n d e a rte n  fo lgenderm aßen  au fg e te ilt: dolichocéphale  
H unde (W indhund , S e tte r , D oberm an , deu tsch er S chäferhund , N e u fu n d 
län d er, usw .), b rachycéphale  H un d e  (B uldogg, M ops, B oxer, D ach sh u n d , usw .) 
u n d  schließlich  die einen  Ü bergang  zw ischen den an g efü h rten  beiden  G ruppen  
b ildenden  m esocephalen  (hypsicephalen  u n d  tu rricep h a len ) H u n d ea rten .

A u f dem  H undeschäde l m ach t das zw ischen der L änge von H irn - und  
G esich tsschädel b estehende  V erhä ltn is  — u n ab h än g ig  von  der A rt — im  allge
m einen 1 : 1 aus.

D as S chädeldach  des do lichocephalen  H undes is t du rch  einen äu ß eren , 
hohen , in  P fe ilrich tu n g  verlau fen d en  K am m , der C rista  sag itta lis  e x te rn a  
c h a ra k te ris ie rt — u n d  dies im  G egensatz zum  Schädel des m esocephalen  oder 
noch eher des b rach y cep h a len  H undes, a u f  dem  ein derartiges G ebilde n u r 
ru d im e n tä r  oder ü b e rh a u p t n ich t vo rzu fin d en  ist. Beim b rachycephalen  H u n d  
is t der G ehirnschädel u m fan g re ich er als d er G esich tsschädel, was g leichzeitig  
b ed eu te t, d aß  sich au ch  die P ro p o rtio n  1 : 1 än d e rt. Beim  m esocephalen , 
besonders ab e r beim  b rach y cep h a len  H u n d  is t der H irnschäde l ru n d lich , fa s t 
kug e la rtig , bei der le tz te rw ä h n ten  A rt w eich t deshalb  der Jochbogen  b e id e r
seitig  s ta rk  aus. Beim  b rach y cep h a len  H u n d  is t — wegen der sich se itw ä rts  
vo rw ölbenden  W and  der Schädelhöhle — au ch  die Schläfengrube seich t. Die 
S tirn -N asen -P ro fillin ie  zeig t bei den dolichocephalen  H unden  eine m äßige, 
bei den  b rach y cep h alen  dagegen eine ausg ep räg te  W ölbung.

D er lange G esich tsschädel der do lichocephalen  H un d e  d om in ie rt gegen
über dem  H irnschädel. D ie P ro p o rtio n  zw ischen der Schädellänge u n d  der
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B reite  d er beiden  Joch b o g en  b e trä g t 1,0 : 0,6 — 0,65. Die L änge des H irn sc h ä 
dels (b is zu r S u tu ra  fro n to n asa lis) v e rh ä lt  sich zu r L änge d er N asenbeine wie 
1,0 : 0,6  — 0,7. A u f dem  Schädel des do lichocephalen  H undes b e s te h t zw ischen 
der k rä ftig e n  C rista  sag itta lis  e x te rn a  u n d  d e r E n tw ick lu n g  der M u sk u la tu r 
eine gerad e  P ro p o rtio n . Diese C rista is t n äm lich  der T re ffp u n k t der beiden  
m ä c h tig  en tw ick e lten  M m. tem porales.

D ie b rach y cep h a len  H unde h ab en  einen  k u rzen  G esichtsschädel. D ie 
zw ischen  L änge u n d  B re ite  des Schädels b es teh en d e  P ro p o rtio n  m a c h t 1,0 : 
0,84 — 0,90 aus, w ä h re n d  die zw ischen der L änge von  H irnschäde l u n d  G esich ts
sch äd e l reg is tr ie rb a re  P ro p o rtio n  1,0 : 0,30 — 0,36 b e trä g t ( S c h w a r z e , 1960). 
D ie C ris ta  sag itta lis  e x te rn a  feh lt, dagegen  lassen  sich a u f  dem  Schädeldach  
zwei in  en tg eg en g ese tz te r R ich tu n g  v e rlau fen d e  L ineae tem p o ra les  b eo b ach 
te n ;  aus dem  S ch äd e ld ach  e n tsp rin g t au ch  d er M. tem p o ra lis ; die B e s ta n d 
teile  d e r L ineae tem p o ra le s  sind die C rista  fro n ta lis  u n d  die C rista  p a rie ta lis  
(C ris ta  fro n ta lis  e x te rn a ) . Bei einigen H u n d e a r te n  is t der Schädel in  M angel 
d er L in ea  tem p o ra lis  vo llkom m en kugelfö rm ig . D ie S tirn g ru b e  (Fossa fron ta lis) 
ist schw ach  au sg eb ild e t oder feh lt. Bei do m estiz ie rten  T ieren b ild e t das S ch ä
d e ld a c h  u n m itte lb a r  v o r den A ugenhöh len , an  der N asenw urzel eine ebene 
F lä c h e , die G labella  ( Z i m m e r m a n n , 1939). D er Schädel ju n g e r do lichocephaler 
H u n d e  is t dem  d er B rach y cep h alen  ähn lich .

Zw ischen diesen  beiden G rundfo rm en  n im m t der Schädel des m esoce- 
p h a le n  H undes eine M itte lste llung  ein. D er H irnschädel is t kugelförm ig, zw i
schen  den beiden  L ineae  tem pora les b e fin d e t sich  eine b re ite  W andfläche. 
D ie L ängs- u n d  B re iten m aß e  be laufen  sich  a u f  1,0 : 0,75 (beim  Spitz), die 
P ro p o rtio n  zw ischen d er L änge von  H irn sch äd e l u n d  G esich tsschädel b e 
t r ä g t  1,0 : 0,44. D er E n tw ick lu n g ss tan d  der F ossa  fro n ta lis  is t  u n te rsch ied lich , 
die N ase v e rh ä ltn ism ä ß ig  gebogen (S p itz , D ach sh u n d ). A ngesich ts des z iem 
lich  lan g en  H irn sch äd e ls  re ih te  S c h w a r z e  (1960) den B ulldogg u n d  den  d e u t
schen  B oxer — tro tz  des ku rzen  G esich t-N asen ab sch n itts  — u n te r  die do licho
cep h a len  H u n d e  ein.

Literatur

Mit der R öntgenanatom ie der Schädelknochen des Hundes haben sich neues tens  
H a r e  (1958), St e in b e c k  (1962), F in k g r ä f  (1961) und Sc h eb itz  und W il k e n s  (1967) befaßt. 
A nhand seiner bei dolichocephalen (deutscher Schäferhund) und brachycephalen (englischer 
B ulldogg) H unden durchgeführten U ntersuchungen dem onstrierte H a re  ( 1958) die größeren 
knochengebildeten Schatten  und gleichzeitig die Aufnahm epositionen auf Röntgenaufnahm en  
und R öntgenzeichnungen.

W ie das bei den amerikanischen Verfassern (M il l e r  u. Mitarb. 1964) üblich ist, werden  
die als T extillustration  dienenden Schädelaufnahm en und K onturzeichnungen (in frontobasa- 
ler Strahlenrichtung) in der Arbeit von H a r e  (1958) in einer W eise dargestellt, als ob m an das 
fragliche Objekt von  der Körperlage des Tieres her betrachten würde, d. h., daß auf den R ön t
genbildern das hintere, nackenseitige Ende des Schädels nach unten und das vordere, m undseitige 
E nde nach oben blickt. D iese Darstellungswcise unterscheidet sich von der bei der deutschen  
Schule gebräuchlichen (E l l e n b e r g e r  und B a u m , 1943; N ic k e l  u. Mitarb., 1954; Sc h eb itz  
und W il k e n s , 1967), die den Schädel so veranschaulicht, wie man gewöhnlich dem Schädel
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des untersuchten Tieres gegenübersteht, d. h. daß man den Schädel nicht vom  Nacken, sondern  
von der M und-Nasenöffnung her betrachtet. Bei Anwendung dieser Methode befindet sich  
auf den Röntgenbildern der nackenseitige Teil oben und der m undseitige Teil unten . Wir 
hielten  uns in unseren bisherigen röntgenanatom ischen M itteilungen und auch in dieser Arbeit 
an die D arstellungsw eise der deutschen Schule.

H are  (1958) hat seine Aufnahm en in ventrodorsaler (m andibulofrontaler) Strahlen
richtung verfertigt und bei der transversalen Strahlenrichtung die sinistrodextrale Strahlen
richtung angewandt. U nseres Erachtens ist die dorsoventrale (frontom andibulare) Strahlen
richtung vorteilhafter als die ventrodorsale, da die zahlreiche E inzelheiten zeigende Schädel
basis näher zum A ufnahm efilm  liegt als der weniger D etails enthaltende frontale Teil, so daß 
m an von den vielen  w inzigen E inzelheiten ein schärferes B ild gewinnt.

St e in b e c k  (1962) untersuchte den Schädel des Airedale-Terriers; diese Art nim m t zwi
schen den dolichocephalen und brachycephalen H undearten eine M ittelstellung ein. D ie Auf
nahm en wurden in dorsoventraler, ventrodorsaler sowie zw eiseitiger sinistrodextraler, dextro- 
sinistraler Strahlenrichtung verfertigt. N ach Ansicht des Verfassers besteht im  Falle einer 
großen Fokus-Film -E ntfernung zwischen den dorsoventralen und ventrodorsalen Aufnahm en  
kein wesentlicher Unterschied .

B aron e  und Gu e l f i  (1966) beschrieben das in sagittaler und transversaler Strahlen
richtung verfertigte norm ale R öntgenbild des H undeschädels. V om  praktischen Standpunkt 
aus liâ t sich die ersterwähnte Strahlenrichtung als geeigneter erwiesen. Nach den Verfassern 
soll der H auptstrahl — um  ein verzerrungsfreies Bild zu gew innen — auf die sog. frankfurter 
bzw. deutsche Ebene senkrecht geleitet werden. Die frankfurter Ebene reicht von der Margo 
infraorbitalis der Orbita durch den Arcus zygom aticus bis zum  oberen Rand des Pórus acusti- 
cus externus. Der A ufnahm efilm  muß dieser Ebene parallel sein.

Der sich auf 198 Seiten  erstreckende, zweisprachige Röntgenanatom ische Atlas von  
Sc h eb itz  und W il k e n s  (1967) enthält R öntgenaufnahm en lebender Pferde und H unde. Der 
besondere W ert der Arbeit ergibt sich daraus, daß das Verfasserteam  aus einem Anatom en und  
einem Kliniker (Chirurg) besteht. In dem  m it vielen R öntgenaufnahm en und Röntgenkontur
zeichnungen illustrierten A tlas wird sowohl die deutsche, als auch die angelsächsische N om en
klatur angewandt.

Sch ü ler  (1968) analysierte den K atzenschädel und zwar nicht nur in senkrechter, son
dern auch in schräger Projektion. Obwohl Verfasser die senkrechte Projektion als vorteil
hafter betrachtet als die schräge, da Verzerrungen geringer und Orientation einfacher sind, 
war er mehrmals gezw ungen, auch die schrägen Strahlenrichtungen in Anspruch zu nehm en, 
so z. B. — wie er schrieb bei den Zahnaufnahmen, im Interesse der Vermeidung der einander  
bedeckenden Projektionen der Schatten der beiderseitigen Backenzähne.

Bei der Z u sam m en ste llu n g  u nserer A rbeit, d er ku rzen , d esk rip tiv en , 
u n te r  B erück sich tig u n g  d er rö n tg en an a to m isch en  S ta n d p u n k te  v e rfe rtig ten  
B eschreihung der H irn sch äd e lk n o ch en , s tü tz te n  w ir u ns a u f  die hervo rragende  
M onographie von M i l l e r , C h r i s t e n s e n  und  E v a n s  (1964). Die ausführliche , 
g ründ liche  E rö rte ru n g  le is te te  zur H om ologisation  d e r K n o ch en sch a tten  eine 
w ertvo lle  Hilfe.

M ethodik

U n te r den rö n tg e n a n a to m isc h en  U n te rsu ch u n g en  des K nochengerüsts 
is t das S tu d iu m  der S chädelknochen  eine der k o m p liz ie rtes ten  A ufgaben. 
Schon wegen der h äu fig en  Superposition  der S c h a tte n  können  unm öglich  
A ufnahm en  v e rfe rtig t w erd en , au f denen ein jedes D e ta il m it derselben In te n 
s itä t  d a rg este llt ist.

Die A natom ie d er H irnschädelknochen  hab en  w ir — ebenso wie in  
unseren  frü h eren  A rb e iten  — u n te r  B erücksich tigung  rö n tg en an a to m isch er 
G esich tspunk te  besch rieb en . Jen e  w ichtigen an a to m isch en  C h arak te ris tik a ,
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die g rö ß te n te ils  auch a u f  d en  R ö n tg en au fn ah m en  in  E rsch e in u n g  tre te n  und  
auch  eine  p rak tisch e  B ed eu tu n g  b esitzen , sind  in der A rbeit k u rz  angegeben.

D ie E rle rn u n g  des M ateria ls der R ö n tg en an a to m ie  ist a n h a n d  von  R ö n t
g e n a u fn a h m e n  und  R ö n tg e n k o n tu rz e ic h n u n g en  sowie au fg ru n d  des die 
S c h a tte n  e rk lä renden  T ex tes  m öglich, obw ohl das le tz te rw ä h n te  eigentlich  
n ich t u n b e d in g t no tw end ig  ist. D ie M ehrzahl der rö n tg en an a to m isch en  A r
b e ite n  e n th ä l t  n u r R ö n tg en au fn ah m en  u n d  R ö n tg en k o n tu rze ich n u n g en , ohne 
d aß  d e r  S ch a tten  der b e tre ffen d en  G ebilde beschrieben  w äre; die ausführliche 
B esch re ib u n g  der R ö n tg e n sc h a tte n  is t ab er in  der R ö n tg en an a to m ie  ebenso 
w ich tig , w ie in der d e sk rip tiv en  A natom ie , da  näm lich  der regelw idrige S ch a t
te n  irg ende ines K nochens an so n sten  n ic h t m it S icherheit zu d iagnostiz ieren  
is t. F e h l t  der erk lärende T e x t, w ird  m an  be tre ffs  der Z ugehörigkeit des frag 
lichen  K nochens, selbst an gesich ts  d er sogar die k leinste  E in ze lh e it d a rb ie 
te n d e n  A ufnahm e, unsicher. U m  diesen F eh le r auszuschalten , h a b e n , w ir auch 
diese A rb e it m it einem  sc h a tte n e rk lä re n d e n  T e x t ergänzt.

D ie R ö n tg en au fn ah m en  w u rd en  von  den m azerie rten  S chäde ln  dolicho- 
ce p h a le r , m esocephaler u n d  b ra ch y cep h a le r  H u n d e  — ohne B erück sich tig u n g  
d er H u n d e a r t  — v e rfe rtig t. A u f der vom  lebenden  T ier v e rfe rtig ten  R ö n tg en 
a u fn a h m e  verlieren  sich die S c h a tte n  der k le ineren , jedoch  w ich tigen  Schädel
a b s c h n itte  häufig  in den  S c h a tte n  d er W eich teile , u n d  sogar a u f  d e r m azerierte  
S ch äd e l darste llenden  A ufnahm e b leiben  die S ch a tten  ein iger w ich tiger a n a 
to m isc h e r  D etails u n s ich tb a r.

Im  Laufe der an a ly sie ren d en  U n te rsu ch u n g en  sp ielt be i d er B ew ertung  
d er R ö n tg e n sc h a tte n  au ch  das E inb ildungsverm ögen  eine gew isse Rolle. Um 
diesen  F a k to r  zu elim in ieren  u n d  I r r tü m e r  auszuschalten  — die zu  begehen es 
m an n ig fa ltig e  M öglichkeiten  g ib t — h ab e n  w ir unsere A u fn ah m en  von  in 
v e rsch ied en en  R ich tu n g en  zersäg ten  S chädeln  v e rfe rtig t. D er R öntgenologe 
m u ß  — ob U n tersu ch u n g , oder B esch re ibung  — ste ts  m ax im ale  E x a k th e it 
b e s tre b e n . B ereits die k le in ste  Ä n d eru n g  der R ich tu n g  bzw . des F u ß p u n k te s  
des H a u p ts tra h le s  k a n n  eine w esentliche M odifizierung des R ö n tg en sch a tten s  
z u r F o lge haben. D ies w ird  au ch  d u rch  die T a tsach e  u n te r s tü tz t ,  d aß  sich die 
S ch a tte n v e rh ä ltn isse , d em en tsp rech en d  ob die A ufnahm e vom  ganzen Schä
del, o d e r n u r von dem  G ehirn- bzw . G esichtsschädel v e rfe r tig t w orden w ar, 
w esen tlich  vone inander u n te rsch e id en . V erg leich t m an die R ö n tg en a tla sse  der 
v e rsch ied en en  V erfasser, so lassen  sich, w as die B ew ertung  d e r L okalisation  
b zw . d er S ch a tten  ein iger L öcher u n d  Ö ffnungen  an b e lan g t, n ic h t selten  ein
a n d e r  w idersprechende A ngaben  v o rfin d en . N ebst der u n te rsch ied lich en  F e s t
leg u n g  der F u ß p u n k te  spielen h ierbei auch  sub jek tive  G esich tsp u n k te  eine 
w ich tige  Rolle. A uch im  L aufe  un serer U n tersu ch u n g en  h a t  s ich  die B ew ertung  
d e r  S ch a tten  häu fig  als p ro b lem atisch  erw iesen u n d  gerade  deshalb  lag es 
n ic h t  in unserer A bsich t, die Stelle säm tlich e r au f dem  R ö n tg en b ild  kaum  
w ah rn e h m b a re r  S c h a tte n  eines je d e n  anato m isch en  G ebildes zu bezeichnen.
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In  A n b e tra c h t des G esag ten  haben  w ir als b ed eu ten d e  m odifizierende 
F a k to re n  den F u ß p u n k t der H a u p ts tra h le n  in zwei S trah len rich tu n g en  fe s t
gelegt. Die A ufnahm en  w u rd en  in  d o rso v en tra le r, f ro n to b as ila re r  (N orm a 
fro n ta lis) u n d  tran sv e rsa le r, te m p o ra le r  (N orm a tem p o ra lis , s in is tro d ex tra lis , 
d ex tro sin is tra lis) S trah len rich tu n g  v e rfe rtig t. Die d o rso v en tra le r, S tra h le n 
ric h tu n g  schien  geeigneter zu sein als die baso fro n ta le  (m an d ib u lo fro n ta le ), 
da  sich  die s tä rk e r  gegliederten  Teile des Schädels a u f  d er Schädelbasis be
fin d en , so d aß  m an von ihn en  in F ilm nähe  ein schärferes B ild  e rh ä lt. Den 
F u ß p u n k t des H a u p ts tra h le s  h ab e n  w ir a u f dem  Schädel d e r do lichocephalen  
u n d  m esocephalen  H un d e  in d o rso v en tra le r S tra h le n ric h tu n g  in der M edian
ebene, in  oder e tw as vo r die N a h t der Scheitel- u n d  S tirn b e in e  an g eb rach t, d .h . 
an  jene  S telle, wo als F o rtse tz u n g  der C rista  sag itta lis  e x te rn a  die be iden  
L ineae tem p o ra les  en tsp ringen . E s sei jed o ch  e rw äh n t, d aß  w egen des in d iv i
duell u n te rsch ied lichen  E n tw ick lu n g szu stan d s  der Scheitel- u n d  S tirnbeine  
d er sichere H a lb ie ru n g sp u n k t der H irnschädellänge n u r  schw er festzuste llen  
is t. A u f dem  Schädel des b rach y cep h a len  H u ndes fä llt d er F u ß p u n k t des H a u p t
s trah les , ebenfalls in der M edianebene, in die N a h t der Scheitel- u n d  S tirn 
beine, zw ischen die be iderse its  d iverg ierenden  Lineae tem p o ra les . In  te m p o 
ra le r  oder tra n sv e rsa le r  S tra h le n ric h tu n g  gelang t der F u ß p u n k t des H a u p t
s trah le s  au f dem  Schädel d er do lichocephalen  bzw. m esocephalen  H unde dem  
oberen R an d  des Jochbogens en tlan g , in R ich tu n g  der von d er A usgangsstelle  
d er L ineae fro n ta les  gefällten  S enkrech te  in  die N a h t d er Scheitel- u n d  S ch lä
fenbe in sch u p p en  (S u tu ra  squam osa). A uf dem  Schädel des b rach y cep h alen  
H u ndes fä llt der F u ß p u n k t des H a u p ts tra h le s  in den T re ffp u n k t des S ch u p p en 
a b sc h n itts  der Scheitel-, S tirn - u n d  Schläfenbeine. D a d er E n tw ick lu n g sg rad  
der Schädelhöhle , L okalisation  bzw . W ölbung des Joch b o g en s den einzelnen 
In d iv id u e n  u n d  R assen e n tsp rech en d  die Stelle der F u ß p u n k te  w esentlich  
beeinflussen , sind  die oben an g efü h rten  A ngaben n u r a n n ä h e rn d  genau.

W ir w an d ten  die F a c h w ö rte r  der neuen  ana to m isch en  N o m en k la tu r 
(NAY) an , u n d  fo lg ten  bei der G ru p p ieru n g  der S chädelknochen , angesich ts 
u n se re r frü h eren  rö n tg en an a to m isch en  A rbe iten , der a lten  E in te ilung .

A ngesich ts dessen, daß  a u f den  von R ö n tg en au fn ah m en  v e rfe rtig ten  
R e p ro d u k tio n en  die feineren T e ilsch a ttcn  zum eist verschw inden , em pfieh lt 
es sich, das B ild m ate ria l der A rb e it in  F o rm  von  P h o to g rap h ien  beizufügen. 
Die von  den v o rd eren  F u ß w urze lknochen  des R indes v e rfe r tig te n  P h o to g ra 
ph ien  von  F u n k  (1966) sind  fa s t ebenso schön, wie die o rig inalen  R ö n tg en 
au fn ah m en . F u n k  (1966) h a t  sich bei V erfertigung  seiner B ilder dem  e le k tr i
schen  V erfah ren , der sog. L oge tronograph ie  b ed ien t. A uf den  B ildern  sind  die 
K o n tra s te  w eniger scharf, u n d  die T e ilsch a tten  tre te n  h e rv o r (s. noch  S c h e - 

b i t z , 1960 u n d  S c h ü l e r , 1968).
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Deskriptive Anatomie der H irnschädelknochen

(u n te r  B erü ck sich tig u n g  rö n tg en an a to m isch er G esich tsp u n k te )

Die G rundlage d e r U n te rsu ch u n g en , au f denen die A ngaben  des de
sk r ip tiv e n  an a to m isch en  K ap ite ls  b e ru h en , b ilde te  die H u n d ean a to m ie  von 
M i l l e r —C h r i s t e n s e n  —  E v a n s  (1964) (N orm a fro n ta lis , n o rm a  tem p o ra lis , 
n o rm a  basilaris). Im  M itte lp u n k t u n se re r U n te rsu ch u n g en  s ta n d  der Schädel 
des do lichocephalen  H u n d e s , wobei sich auch  zur E rö r te ru n g  der a u f dem  
S chädel des m esocephalen  bzw. b rach y cep h a len  H undes b e o b a c h tb a ren  U n te r
schiede eine G elegenheit b o t.

Dorsale Fläche des Hirnschädels

(P la n u m  dorsale, N orm a fron ta lis)

D er Schädel des N eugeborenen is t  fa s t kugelförm ig . A uf dem  Schädel 
des ausgew achsenen  dolichocephalen  H u n d es  e rh e b t sich  die bere its  g u t e n t
w ickelte  Crista s a g itta lis  ex te rn a  (A bb. 1, 3, 4, 1), die e tw a  1 cm v o r der S u tu ra  
co ronalis (Abb. 1, 3, 4 , 2) in die U inea tem p o ra lis  ü b e rg e h t (A bb. 1, 3), w elche 
ih re rse its  au f den P ro cessu s zygom aticus (A bb. 1 — 5, 4) v e r lä u f t. A uf dem  S chä
del des b rach y cep h a len  H undes is t die C rista  sag itta lis  e x te rn a  (A bb. 2, 5, 5) 
ä u ß e rs t  kurz u n d  g e h t n a c h  vorne in  die n ach  rech ts  u n d  n a c h  links d iverg ie ren 
de, g u t en tw ickelte  L inea  tem poralis (A bb. 2, 3) ü b e r; die A usgangsstelle 
b e fin d e t sich heim  zw ischen die Scheite lbeine e in d ringenden  F o rtsa tz  (P ro 
cessus in te rp a rie ta lis )  des H in te rh au p tb e in es . D ie dorsale  E bene b eg ren z t 
v o n  h in ten  den sch räg  verlau fenden , un te rsch ied lich  en tw ick e lten  G enickkam m  
(C rista  nuchae) (A bb . 1 — 5, 6), w elcher die oberen u n d  u n te re n  S chädelflächen  
v o n e in an d er a b so n d e rt.

Die an den  b e id en  Seiten d er C rista  sa g itta lis  e x te rn a  verlau fenden  
Fossae tem pora les (A bb. 1 — 5, 7) begrenzen  m ed ia lw ärts  u n d  vo rne  beim  
dolichocephalen  H u n d  die Crista sa g itta lis  ex te rn a  u n d  die L inea tem p o ra lis , 
b e im  B rach y cep h alen  dagegen h a u p tsäch lich  die L inea  tem pora lis . D ie Basis 
d e r S chläfengrube b ild en , den drei K nochen  en tsp rech en d , drei Teile: die 
h in te n  liegende P a rs  parie ta lis , die e tw as d av o r lo ka lisie rte  P ars  fro n ta lis  
u n d  die la te ra l b e fin d lich e  P ars tem p o ra lis .

Zwischen d en  beiden  Lineae tem p o ra les  lieg t in  der M edianebene bzw. 
in  d er Q uerebene des h in te ren  E ndes d er N asenbeine die Fossa fro n ta lis  (A bb. 
1, 8); diese S telle , die G labella, e n tsp r ic h t der E b en e  der L am ina  crib rosa ; 
die A usb re itung  dieses fünfeckigen G ebildes h ä n g t m it der Größe der S tirn 
höh le  zusam m en.
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Abb. 1

Abb. 1 und 2. Die Hirnschädelknochen des dolichocephalen und des brachycephalen Hundes 
(Norm a frontalis). 1, Crista sagitta lis externa (dolichocephaler Hund; Abb. 1); 2, Sutura coro- 
nalis (Abb. 1); 3, Linea tem poralis; 4, Processus zygom aticus ossis frontalis; 5, Crista sagittalis 
externa (brachycephaler Hund; Abb. 2); 6, Crista nuchae; 7, Fossa tem poralis; 8, Fossa fron
talis; 9, Arcus zygom aticus; 10, Orbita; 11, Processus zygom aticus ossis tem poralis; 12, Pro

cessus temporalis ossis zygom atici; 35, Protuberantia occipitalis externa
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L ate ra le  F läch e  des H irnschädels 

(P lan u m  la te ra le , N orm a tem poralis)

D ie C h arak te ris tik a  d ieser F läche  sind der sich vorw ölbende A rcus zygo- 
m a tic u s  (A bb. 1 — 7, 9) u n d  die O rb ita  (A bb. 1 — 5, 10). D er s ta rk  en tw icke lte  
Jo ch b o g en  b ild e t zw ischen H irn sch äd e l u n d  G esich tsschädel la te ra l  und  dorsal 
eine konvexe K n o ch en b rü ck e ; d er la te rom ed ia le  A b sc h n itt des vorderen  
Z w eid ritte ls  und  der d o rso v e n tra le  h in te re  D ritte l sind  f la c h ; seine B estan d 
te ile  sind  der Processus zy g o m aticu s des Schläfenbeins (A bb. 1 — 7, 11) u n d  
d er P rocessus tem pora lis  des Jo ch b e in s  (A bb. 1 — 7, 12). B eim  h in te ren  E n d e  
b e f in d e t sich der P ó rus acu sticu s  ex te rn u s (A bb. 3 — 5, 13) u n d  v e n tra l davon  
die B ulla ty m p an ica  (A bb. 3 — 7, 14), welche sich von d er v e n tra le n  Seite her 
besser erkennen  lä ß t. D er b re ite , flache, v e rh ä ltn ism äß ig  kleine Processus 
ju g u la r is  (A bb. 3 — 7, 15) v e r lä u f t  c au d o v en tra l h in te r  d er B u lla  ty m p an ica  
u n d  se itw ärts  der C ondyli occip ita les des H in te rh a u p tb e in e s  (Abb. 3 — 7, 
16). D er nach  vorne u n d  se itw ä rts  gerich te te  E in g an g  d er O rb ita  is t au f 
dem  Schädel des b ra ch y cep h a len  H undes ru n d  u n d  a u f dem  d e r D olichocepha- 
len  unregelm äßig  oval. Im  h in te ren -in n e ren  Teil der A ugenhöhle  befinden  sich 
h in te re in a n d e r drei Ö ffnungen : d er Canalis o p ticus (A bb. 5, 77), die F issura  
o rb ita lis  (A bb. 4, 18) u n d  d as  F o ram en  alare  ro s tra le  (A bb. 3, 4, u n d  6, 7, 
79); dazu  gesellen sich n och  die an te ro d o rsa l lo ka lisie rten , w inzigen F o ram in a  
e th m o id a lia  (A bb. 3, 5, 20). A u f der m edialen  W an d  d er A ugenhöhle so ndert 
sich  die C rista o rb ita lis  v e n tra lis  in  einem  dorsal gebogenen  Bogen ab, sie 
b e d e u te t die obere G renze d e r U rsprungsste lle  des M. p terygo ideus.

V en tra le  F läche  des H irnschädels 

(P la n u m  v en tra le , N orm a basilaris)

Diese e rs tre c k t sich  vom  F oram en  m agnum  bis zum  freien  R an d  der h o 
rizo n ta len  G au m en p la tte  (M argo liber). Die h in te re  G renze b ild en  die beiden 
C ondyli occipitales (A bb. 3 — 7, 16) m it der in te rk o n d y lä re n  Inzisu r. P rox im al 
d e r v en tra len  F läche  b e f in d e t sich, teils zw ischen den  beiden  P a rte s  ty m - 
p an icae , die P ars  basila ris  ossis occipitalis (B asioccip ita le) (Abb. 6, 7, 21). 
D as m it der O berfläche d er B ulla ty m p an ica  m ed ia l zusam m enhängende 
T u b ercu lu m  m uscu lare  (A bb. 6, 7, 22) is t eine n ied rige , sag itta le , längliche 
P ro tu b e ra n tia  m it u n g le ich m äß ig e r O berfläche. In  d er von  d er Bulla ty m p an ica  
(A bb . 3 —7, 14), dem  C ondy lus occipitalis (A bb. 3 —4, 76) u n d  dem  Processus 
ju g u la r is  (Abb. 3 — 4, 75) u m gebenen  Fossa condy laris v e n tra lis  (Abb. 6 — 7, 23) 
ö ffn e t sich in F orm  eines w inzigen, ru n d en  Lochs das F o ram en  hypoglossi
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Abb. 3

Abb. 4

Abb. 5

Abb. 3, 4 und 5. Die Hirnschädelknocben des dolichocephalen und des brachycephalen Hundes 
(Norm a temporalis). 1, Crista sagittalis externa (dolichocephaler Hund; Abb. 3, 4); 2, Sutura 
coronalis (Abb. 3, 4); 4, Processus zygom aticus ossis frontalis; 5, Crista sagittalis externa  
(braehycephaler Hund; Abb. 5); 6, Crista nuchae; 7, Fossa tem poralis; 9, Arcus zygom aticus; 
10, Orbita; 11, Processus zygom aticus ossis tem poralis; 12, Processus tem poralis ossis zygo- 
m atici; 13, Pórus acusticus externus; 14, Bulla tym panica; 15, Processus jugularis; 16, Con- 
dylus occipitalis; 17, Canalis opticus (Abb. 5); 18, Fissura orbitalis (Abb. 4); 19, Foramen 
alare rostrale (Abb. 3, 4); 20, Foramen ethm oidale (Abb. 3, 5); 31, Processus retroarticularis; 

34, Squam a occipitalis; 35, Protuberantia occipitalis externa
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(A bb. 6, 7, 24). Zw ischen diesem  G ebilde u n d  der B u lla  ty m p a n ic a  in  S u tu ra  
p e tro o cc ip ita lis  nehm en  das läng lich , querlau fen d e  F o ram en  ju g u la re  (A bb. 
6, 7, 25) u n d  F oram en  ca ro ticu m  e x te rn u m  (A bb. 6, 7, 26) P la tz . D er P rocessus 
ju g u la r is  is t m it der h in te re n  F läche d e r B u lla  ty m p a n ic a  verw achsen . Zw ischen 
d e r B u lla  ty m p an ica  u n d  dem  K ö rp e r des H in te rh a u p tb e in e s  lieg t — la te ra l 
vom  F o ram en  caro ticu m  ex te rn u m  — d er Sem icanalis tu b a e  au d itiv ae  (T uba 
a u d itiv a  ossea) (A bb. 6, 7, 27). D as u m fan g re ich ste  Loch a u f diesem  G ebiet 
is t  das d er Fossa m an d ib u la ris  m ed ia l liegende F o ram en  ovale (A bb. 6, 7, 28); 
u n m itte lb a r  davor b e f in d e t sich das F o ram en  alare  caudale  (A bb. 6, 7, 29). 
D ie F ossa  m and ib u la ris  is t  eine g la tte  G elenkfläche (A bb. 6 — 7, 30) a u f  der 
h in te re n -u n te ren  F läche  des A rcus zygom aticus. D em  Processus re tro a rtic u la -  
ris m ed ia l (A bb. 3, 7, 31) ö ffne t sich in  F o rm  einer w inzigen, e iru n d en , t r ic h te r 
fö rm ig en  Ö ffnung die F issu ra  p e tro ty m p a n ic a  (Glaseri)  (A bb. 6, 7, 32). Die 
a u f  d e r  h in te ren  F läche  des F o rtsa tz e s  befind liche kleine F u rch e  b ild e t einen 
Teil des F oram en  re tro g len o id eu m  (A bb. 6, 7, 33).

D o rt wo der T em p o ra lflü g e l des K eilbeins u n d  das B asispheno idale  
Z usam m entreffen , b e fin d e t sich d er ku rze  Canalis a laris (A bb. 6, 7 , 19), w äh ren d  
v o m  K ö rp e r des K eilbeins, dem  P rocessus p te rygo ideus sowie dem  Os p te ry -  
go ideum  um geben d er C analis p te ry g o id eu s  — zu dem  der kurze  Sulcus p te ry 
goideus fü h r t  — lieg t.

Hintere Fläche des Hirnschädels

(P lan u m  n u ch a le ; M i l l e r )

Die h in te re  F läch e  des H irn sch äd e ls  h a t  die F o rm  eines un regelm äßigen  
D reiecks. Die Seiten te ile  sind die S q u am a occipitalis (A bb. 3, 4, 34) m it den 
C ondyli (Abb. 3, 4, 16) u n d  den P rocessus jug u la res  (A bb. 3 — 7, 15), w ährend  
den  m ed ioven tra len  Teil die P a rs  basilaris  (A bb. 6, 7, 21) m it der In c isu ra  
co n d y la ris  b ilde t. D ie la te ra lw ä rts  liegende C rista nu ch ae  (A bb. 1 — 5, 6) 
t r e n n t  dieses G ebiet von  der F ossa tem p o ra lis  ab. Die P ro tu b e ra n tia  occip i
ta lis  ex te rn a  (A bb. 1 — 5, 35) b e f in d e t sich a u f  dem  h in te ren  E n d e  der C rista  
sa g itta lis  ex te rn a . D as F o ram en  m ag n u m  is t b re it u n d  häu fig  asy m m etrisch  
(A bb. 6, 7, 36). D ie F ossa  condy laris  v en tra lis  (A bb. 6, 7, 23) g ren z t la te ra l 
die G elenkknorren  vom  Processus ju g u la ris  ab. Im  v o rd eren  Teil der Fossa 
b e f in d e t sich das F o ram en  hypoglossi (A bb. 6, 7, 24). A uf dem  Schädel von 
Ju n g tie re n  n im m t la te ra l  vom  P rocessus ju g u la ris  die S u tu ra  o ccip itom asto idea  
P la tz . D er Processus m asto ideus —■ der eigen tlich  die P a rs  m asto id ea  des 
Schläfenbeins is t — b e fin d e t sich do rsa l vom  F o ram en  s ty lo m asto id eu m  (A bb. 
6, 7, 37), welches G ebilde vo r dem  Processus ju g u la ris  u n d  oberhalb  d er B ulla 
ty m p a n ic a  liegt.
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Abb. 6

Abb. 7

Abb. 6 und 7. Die H irnschädelknochen des dolichocephalen und des brachycephalen H undes 
(Norm a basilaris). 4, Processus zygom aticus ossis frontalis; 9, Arcus zygom aticus; 11, Processus 
zygom aticus ossis temporalis; 12, Processus temporalis ossis zygom atici; 14, Bulla tym panica; 
15, Processus jugularis; 16, Condylus occipitalis; 19, Foramen alare rostrale; 21, Pars basilaris 
ossis occipitalis; 22, Tuberculum  musculare; 23, Fossa condylaris ventralis; 24, Foram en hy- 
poglossi; 25, Foramen jugulare; 26, Foramen caroticum externum ; 27, Sem icanalis tubae  
auditivae; 28, Foramen ovale; 29, Foram en alare caudale; 30, Fossa m andibularis; 31, Pro
cessus retroarticularis; 32, Fissura petrotym panica (Glaseri); 33, Foram en retroarticulare; 

36, Foram en m agnum ; 37, Foramen stylom astoideum
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R ön tg en a iia to m ie  der H irnschädelknochen

1. Dorsoventrale Strahlenrichtung

Die h in tere  G renzlin ie des Schädels b ild e t die in  un rege lm äß igem  k o n 
v e x e m  Bogen se itw ärts  u n d  n a c h  vo rn e  gerich te te  S cha tten lin ie  d e r a u f  dem  Os 
occipitale  liegenden C rista  n u ch ae  (A bb. 8 — 14, 1). V on h in te n  b eg ren z t das 
G eb ie t die einen hellen  S c h a tte n  gebende S q u am a occip ita lis (A bb. 8 —1 1 ,2 ), 
d e ren  v e rk ü rz te r S c h a tte n  sich in  den  S c h a tte n  der P a rs  b asila ris  bzw. der 
P a rs  la te ra lis  p ro jiz ie rt; d e r in  R ich tu n g  des S chädeldachs fa llen d e  A b sch n itt 
g ib t einen einfachen S c h a tte n  von  feiner, tra b e k u lä re r , sch au m ig er S tru k tu r . 
D er sich in der M edianebene d ah in  p ro jiz ierende b re ite , d u n k le , s tre ifen artig e  
S c h a tte n  der Crista sa g itta lis  e x te rn a  m it verschw om m enem  R a n d  (A bb. 8 —11, 
3) te i l t  den oben besch riebenen  S c h a tte n  in  zwei Teile. D as h in te re  freie E nde 
e n d e t im  die P ro tu b e ra n tia  occip ita lis e x te rn a  n ach ah m en d en  S cha tten  
(A bb . 8 —11, 4). D er das F o ram en  m agnum  von  oben b eg renzende  A b sch n itt 
d e r H in te rh au p tb e in sch u p p e  e rg ib t einen d u n k len  ad d itio n a len  S ch a tten , 
in  dem  sich die d u n k len , sc h a rfu m ran d e ten  S ch a tten  d er be id en  T ubercu la  
n u ch a lia  befinden (A bb. 8 —11, 5). D er a u f  der inneren  (der Schädelhöhle zu 
liegenden) F läche der S q u am a occip ita lis befind liche P rocessus ten to ricu s  g ib t 
k e in en  en tsch iedenen  S c h a tte n , da  der in ten s iv  dunk le  S c h a tte n  der C rista  
sa g itta lis  ex te rn a  den F o r ts a tz  — den auch  der H a u p ts tra h l sen k rech t b e tr iff t 
— bedeck t. D er S c h a tte n  des in  der M edianebene lo k a lis ie rten  A bschn itts  
des H in te rh a u p tk ö rp e rs  e r in n e rt an  ein gleichschenkliges D reieck  u n d  is t von 
feinschw am m iger S tru k tu r  (A bb. 8 —11, 6). D er helle, län g lich ru n d e  S ch a tten  
des F oram en  m agnum  (A bb. 8 —11 ,7 ) is t teils d u rch  dem  S c h a tte n  des H in te r
h a u p tb e in s  bed eck t; a u f  d er R ö n tg en au fn ah m e t r i t t  au ch  die du rch  den 
h in te re n  R and  des B asiooccip ita le  gebildete  G renzlinie des v o rd e ren -u n te ren  
R a n d s  der Ö ffnung (A bb. 8 — 11, 8) in  E rsche inung , w elche au ch  die Fossa 
in tercondy laris  ( Z i m m e r m a n n , 1939) beg renzt. In  der N ähe des vorderen 
B asiooccip ita l-E ndes is t d e r e irunde , eine schaum ige S tru k tu r  u n d  einen u n 
regelm äßigen  R an d  aufw eisende S ch a tten  der beiden  T u b e rcu la  m uscu laria  
(A bb. 8 —11, 9) e rsich tlich . Gegen die M itte  des K örp ers  k a n n  m itu n te r  der 
S ch a tten  des in der M edianebene liegenden, über eine ungle ichm äßige  O ber
fläch e  verfügenden  T u b e rcu lu m  p h ary n g eu m  e rk a n n t w erden  (A bb. 9, 9a).

Die die Basis der h in te re n  S chädelgrube b ildenden  Im p ressio  p o n tin a  u n d  
Im pressio  m edullaris s ind  in d ieser S trah len rich tu n g  n ic h t ersich tlich .

Da beim  H u n d  das F o ram en  lacerum  feh lt, b e s te h t das F o ram en  jug u - 
la re  aus dem  la te ra le n  R a n d  des H in te rh a u p tb e in k ö rp e rs  u n d  dem  F elsen
b e in ; dieser län g lich ru n d e , m it dem  h in te ren  E nde  la te ra lw ä rts  ausw eichende, 
helle  L ochsch a tten  (A bb. 8 — 11, 10) b e fin d e t sich am  A n sa tz  der S ch a tten  
d e r P aukenhöh le  (A bb. 8 —11, 48) u n d  des D rosse lfo rtsa tzes (A bb. 8 —11, 11). 
D er S ch a tten  des dem  F o ram en  lacerum  orale en tsp rech en d en  F o ram en  ovale
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Abb. 8. R öntgenbild  der H irnschädelkrochen des dolichocephalen Hundes. D orsoventrale  
Strahlenrichtung. 1, Crista nuchae; 2, Squam a occipitalis; 3, Crista sagittalis; 4, Protuberantia  
occipitalis externa; 5, Tuberculum nuchale (Abh. 8, 10, 11); 6, Pars basilaris; Os basioccipitale; 
7, Foram en m agnum ; 8, Unterer Rand des Foram en magnum; 9, Tuberculum musculare; 
9a, Tuberculum  pharyngeum (Abb. 9); 10, Foram en jugulare; 11, Processus jugularis; 12, 
Foramen ovale; 13, Öffnung der Tuba E ustachii; 14, Foramen caroticum externum ; 15, Con- 
dyli occipitales; 16, Jugum condyli occipitalis; 17, Fossa condylaris ventralis; 18, Canalis con- 
dylaris; 19, Canalis nervi hypoglossi (Abb. 8, 10, 11); 20, Synchondrosis (synostosis) spheno- 
occipitalis; 21, Os basisphenoidale; 22, Orbitale Öffnung des Canalis orbitalis (Abb. 8, 10); 23, 
Lamina perpendicularis (Abb. 8, 10, 11); 24, Canalis alar s; 25, Foramen alare rostrale (Abb. 8, 
10, 11); 26, Fissura orbitalis (Abb. 8, 11); 27, Foram en rotundum (Abb. 8, 11); 28, Processus 
pterygoideus; 29, Os ethm oidale; 30, Septum  nasi; 31, Lamina cribrosa; 32, Fossa ethm oidea  
(Abb. 8, 10, 11); 33, Ethm oturbinalia; 34, Sinus frontalis; 35, Processus zygom aticus ossis 
frontalis; 36, Linea temporalis; 37, Vorderer Rand des Processus zygom aticus (Abb. 8, 11); 
38, Squam a tem poralis; 39, Processus zygom aticus ossis temporalis; 40, Processus frontalis 
ossis zygom atici (Abb. 8, 10, 11); 41, Processus retroarticularis; 42, Processus occipitalis ossis 
temporalis; 43, Pars petrosa et pars tym panica; 44, Crista partis petrosae (crista petrosa) 
(Abb. 8, 9, 11); 45, Foramen retroarticulare; 46, Canalis temporalis lateralis; 47, Pórus acusticus

internus; 48, Cavum tym pani
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Abb. 9. Röntgenbild der Hirnschädelknochen des brachycephalen Hundes. Dorsoventrale 
Strahlenrichtung. Erläuterungen s. bei Abb. 8

(A bb. 8 —11, 12) n im m t im  V erh ä ltn is  zu r Ö ffnung der H ö rtro m p e te  v o r 
w ä rts  u n d  n ach  a u ß e n  P la tz  (A bb. 8 —11, 13). F a s t  zusam m engeschm olzen 
m it  dem  F o ram en  ovale  bzw. u n m itte lb a r  d a v o r  lä ß t  sich der verschw om m ene 
S c h a tte n  des F o ra m e n  alare  caudale  b eo b ach ten . In  der N ach b arsch aft der 
T u b aö ffn u n g  is t  m ed ia l der S ch a tten  des F o ra m e n  caro ticum  ex te rn u m  e r
sich tlich  (Abb. 8 - 1 1 ,  14).

Die C ondyli occip ita les geben einen d u n k len  S ch a tten , der die F o rm  eines 
un regelm äßigen  V ierecks h a t  (A bb. 8 —11, 15). Ih re  h in te re  scharfe G renz
lin ie  b ild e t das J u g u m  condyli occip italis (A bb. 8 — 11, 16) ( K o v á c s  u . M ita rb ., 
1964). Die S c h a tte n  der beiden  G elenkknorren  nehm en  den län g lich ru n d en  
S c h a tte n  des F o ra m e n  m agnum  in die M itte  (A bb. 8 —11, 7). D ie v o rd e re  
G renze der C o n d y lu ssch a tten  b ild e t der helle S c h a tte n  der w ohlen tw ickelten  
F ossa  condy laris v e n tra lis  (A bb. 8 —11, 17). A n deren  G rund  k o m m t die 
C analis co n d y laris  in  F o rm  eines lo n g itu d in a len  S ch a tten s  zum  V orschein  
(A bb. 8 —11, 18). D er v en tra len  K n o p fg ru b e  la te ra l  t r i t t  der dunk le , d ich te  
S ch a tten  des b e re its  e rw äh n ten  b re iten , f lach en , v erh ä ltn ism äß ig  ku rzen , 
k n o llen a rtig  en d en d en  Processus ju g u la ris  in  E rsch e in u n g  (Abb. 8 —11, 11). 
V erschw om m en k a n n  auch  d er w inzige, ru n d lich e  S ch a tten  des K an a ls , ge
n a u e r gesagt d er Ö ffnung des N. hypoglossus b e o b a c h te t w erden (A bb. 8, 10,
11, 19).
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Zwischen dem  H in te rh a u p tb e in k ö rp e r  und  dem  K eilb e in k ö rp er is t  der 
in Q uerrich tu n g  verlau fen d e, die be iden  T ubercu la  m u scu la ria  ü b erb rü ck en d e  
d u n k le , s tre ifen artig e , ü b e r e inen  verschw om m enen R a n d  verfü g en d e  S ch a tten  
d er Synchondrosis (Synostosis) sphenoccip ita lis g u t zu sehen (A bb. 8 —11, 
20 ) .

D as Basisphenoidale  u n d  Praesphenoidale  ergeben a u f  dem  m esocepbalen  
S chädel einen sich nach  vo rne  versc lim älernden , m ehr oder m in d er d re ieck fö r
m igen  S cha tten  m it fe in schaum iger S tru k tu r  (Abb. 8 —11, 21), den a u f dem  
dolichocephalen  Schädel der S c h a tte n  der Crista sag itta lis  e x te rn a  in  der 
M edianlinie h a lb ie rt (A bb. 8, 3).

Beim  H u n d  befin d e t sich im  K eilbeinkörper kein  Sinus sphenoideus 
( M i l l e r , 1964); es g ib t zw ar k leinere  H öhlen  sowohl im  B asi-, als au ch  im  
P raesp h en o id a le , diese tre te n  ab e r a u f  dem  R ö n tg en b ild  k au m  in E rsche inung .

Bei den K arn iv o ren  k a n n  der S ch a tten  der schw ach  en tw ick e lten  C rista 
o rb ito spheno idea  a u f  dem  R ö n tg en b ild  ü b e rh a u p t n ic h t u n d  der der o rb ita len  
Ö ffnung  des C analis op ticus k a u m  abg eg ren z t w erden (A bb. 8 —11, 22). D er 
S c h a tte n  des R o stru m  spheno ideum  der schw ach en tw ick e lten  C rista  galli 
ü b e rg eh t in den S ch a tten  d er L am in a  p erpend icu laris  des S iebbeins (A bb. 8, 
10, 11, 23).

An der G renze des T em poralflügels  u n d  des K örp ers  des K eilbeins v e r
lä u f t  vom  S ch a tten  des F o ram en  ovale (A bb. 8 —11, 12) d e r v e rh ä ltn ism äß ig  
b re ite  bogenförm ige S ch a tten  des C analis a laris (A bb. 8 —11, 24) n ach  vo rne  
u n d  ausw ärts  in  R ich tu n g  d er S c h a tte n  des F o ram en  alare  ro s tra le  (8 —10, 
25) u n d  der F issu ra  o rb ita lis  (A bb. 8 —11, 26). A uf d er R ö n tg en au fn ah m e  e r
sch e in t der S ch a tten  des von d er Schädelhöhle  her in den C analis a laris fü h 
re n d e n  Foram en  ro tu n d u m  (A bb. 8 —11, 27). Zw ischen dem  T em poralflügel 
u n d  d er P ars ty m p a n ic a  des F elsenbeins is t der S ch a tten  des F o ram en  caro ti- 
cum  ex te rn u m  ersich tlich  (A bb. 8, 9, 11, 14).

D er Processus p te ry g o id eu s des K eilbeins u n d  das dazugehörende F lü 
gelbein  sowie der H am ulus desselben  ergeben einen am  h in te re n  E n d e  tu b e r 
k e la rtig en  u n d  sich n ach  v o rn e  v e rsch m äle rn d en  lam ellösen  S c h a tte n  (A bb. 
8 — 11, 28); die doppe lte -d re ifache  K o n tu rlin ie  e rg ib t sich  aus den  m edial- 
w ä rts  gebogenen, k o n v ex -k o n k av en  F o rtsä tzen .

D er S ch a tten  des Os ethmoidale, w elcher K nochen  die v o rd e re  W an d  
d er Schädelhöhle sowie die B asis d er N asenhöhle  b ild e t, u n d  g leichzeitig  die 
Schädelhöh le  von  der N asenhöhle  tre n n t ,  b e fin d e t sich an  der G renze von 
S chädel- und  N asenhöhle  (A bb. 8 —11, 29) bzw. zum  Teil in  die N asenhöh le  
p ro jiz ie rt. In  seinem  S ch a tten  n im m t auch  ein Teil des S ch a tten s  des u m fan g 
re ich en  Sinus fro n ta lis  P la tz . U n te r  den S ieb b e in p la tten  is t die L am ina  
m ed ian a  s. p erpend icu laris  g u t d a rg es te llt (A bb. 8, 10, 11, 23), indem  ih r 
S c h a tte n  in den des S ep tum  n asi (A bb. 8 —11, 30) ü b e rg eh t. D ie L am ina  
c rib ro sa  des S iebbeins g ib t einen  in ten s iv  dunk len , stre ifen  a rtig en  S ch a tten
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(A bb. 8, 10, 11, 31), da  d e r H a u p ts tra h l die K a n te  des G ebildes b e tr iff t. U n te r  
den  S iebbeinlöchern  k o m m t in  d o rso v en tra le r S tra h le n ric h tu n g  der S ch a tten  
der g rößeren  Löcher zum  V orschein.

D ie durch  die L a m in a  cribrosa u m g ren z ten  Fossae e thm oideae  (A bb. 
8, 10, 11, 32) lassen sich  g u t d arste llen  (die R iechko lben  des H undes sind 
h ochen tw icke lt). D er S c h a tte n  der S ieb b e in lab y rin th e  (A bb. 8 —11, 33) 
t r i t t  a u f  der Basis d er N asenhöh le , in  F o rm  feiner, d ü n n er, sag itta le r  L in ien
s c h a tte n  in E rscheinung .

B eim  H u n d  is t d as  Os interparietale b e re its  v o r d er G eb u rt m it der 
H in te rh a u p tb e in sc h u p p e  verw achsen , folglich so n d e rt sich d er S ch a tten  des 
K n o ch en s n ich t ab. O bschon  der Processus ten to ricu s  w ohl en tw ick e lt ist 
und  einen  großen Teil des T en to riu m  cerebelli osseum  b ild e t, k a n n  sein S ch a tten  
a u f  dem  Schädel des do lichocephalen  H u n d es vom  b re ite n  S c h a tte n  der C rista  
sa g itta lis  ex te rn a  n u r  schw erlich  d ifferenziert w erden , da d er H a u p ts tra h l das 
frag lich e  Gebilde seiner F läch e  senk rech t b e tr iff t;  a u f  der sa g itta len  A ufnahm e 
g ew in n t m an einen g u t differenzier!) г ran  S c h a tte n  (s. u n ten ).

D as lam ellen- bzw . schalenförm ige Os parietale e rre ich t der H a u p t
s tra h l  in  dieser S tra h le n ric h tu n g  se ik rech t, so daß  sein S c h a tte n  in den der

Abb. 10. Röntgenbild der Hirnschädelknochen des mesocephalen Hundes. Dorsoventrale 
Strahlenrichtung. Erläuterungen s. bei Abb. 8
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S chädelbasisknochen  e in schm ilz t; beim  dolichocephalen  H u n d  k an n  au s
sch ließ lich  der in ten siv e , b re ite , du n k le  stre ifenförm ige add itionelle  S c h a tte n  
d er C ris ta  sag itta lis  ex te rn a  (A bb. 8, 3) b e o b ach te t w erden. D er S c h a tte n  der 
die F o rtse tz u n g  des v o rd eren  E ndes d er C rista  sag itta lis  ex te rn a  b ildenden  
L inea tem p o ra lis  t r i t t  au f der R ö n tg en au fn ah m e en tw eder n ich t oder v e r
schw om m en in E rsch e in u n g ; das v o rd e re  C ris ta -E n d e  bezeichnet den A nfan g s
te il d er beiden  L ineae tem porales.

In  d o rso v e n tra le r  S tra h le n ric h tu n g  g ib t das O s  f r o n t a l e  einen schw er 
an a ly s ie rb a ren  K n o ch en sch a tten , a u f  dem  fa s t alleinigem p n e u m a tis ie rten  
K n ochen  erschein t dagegen  der helle S ch a tten  des um fangre ich  n  Sinus fro n 
ta lis  (A bb. 8 — 11, 34) d eu tl ch u n ig rm z t. D er Sinus d rin g t in  alle d rei T eile 
des S tirn b e in s  u n d  auch  in den P rocessus zygom aticus ein (A bb. 8 —11, 35).

A b b .  1 1 .  Röntgenkonturzeichnung der Hirnschädelknochen des dolichocephalen Hundes. 
Dorsoventrale Strahlenrichtung. Erläuterungen s. bei Abb. 8
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Die be iderse itigen  Sinus fro n ta les  sind  in  der M edianebene m ite in an d er 
b e n a c h b a r t , die be id en  w erden  d u rch  das S ep tu m  sinuum  fro n ta liu m  v o n 
e in a n d e r g e tren n t. D er S ch a tten  des g rößeren  fro n to la te ra len  S in u sab sch n itts  
lieg t au ß erh a lb  des S ch a tten s  der v o rd e ren  Schädelw and , der Schädelbasis
k n o ch en  und  besonders des P raesp h en o id a le , so d aß  dieses G ebiet d u rch  einen 
d e u tlic h  d iffe renz ierten , auch  die S ep ta  d a rs te llen d en , hellen, p n eum atischen  
S c h a tte n  gek en n ze ich n e t is t. D er S c h a tte n  des sich in den S ch a tten  der S chä
de lbasisknochen  p ro jiz ie ren d en  h in te ren -in n eren  Teiles so n d ert sich eher n u r 
a u f  den von der Schädelbasis v e rfe rtig ten  A ufnahm en  ab ; der eher die B e
ze ichnung  »Recessus« v e rd ienende  S c h a tte n  b e fin d e t sich an den beiden  Seiten  
d er M edianebene.

V on der L inea tem p o ra lis  is t n u r  d er te rm in a le  A b sch n itt (A bb. 8 —11, 
36) s ic h tb a r; d ieser b ild e t die h in te re  G renzlin ie  des zum  S tirnbe in  gehörenden  
P rocessus zygom aticus.

D er eine s tu m p fe  Spitze n ach ah m en d e  S ch a tten  des Processus zygom a
ticu s  (A bb. 8 —11, 36) lieg t vo r der Schädelhöh le , u n d  h in te r  dem  vorderen  
E n d e  des Joch b o g en s; da  der Sinus fro n ta lis  in F o rm  eines Recessus in das 
G ebilde e in d rin g t, is t d er S ch a tten  p n eu m a tisch .

Die G renzlinie des vo rderen  R andes des Processus zygom aticus — w elche 
zum  Teil du rch  den  S c h a tte n  der M olaren b e d e c k t is t — b e d e u te t die M argo 
su p rao rb ita lis  der O rb ita  (A bb. 8 — 11, 37).

D er sich in te n s iv e r vorw ölbende Teil d er P a rs  tem pora lis  des S tirnbe ins 
t r ä g t  in  F orm  einer ad d itio n a len  S ch a tten lin ie  zu r B ildung  des S chäde lw and
sc h a tte n s  bei.

D er S ch a tten  des a u f  der P ars  o rb ita lis  des S tirnbeins liegenden w inzigen, 
m itu n te r  d oppelten  F o ram en  e thm oideum  (»canalis e thm oideus ) v e rlie rt 
sich  zum eist im  S c h a tte n  des Sinus fro n ta lis  (a u f  der la te ro -la te ra len  A ufnahm e 
is t d e r S ch a tten  d eu tlich  sich tbar).

Beim  b rach y cep h a len  H u n d  is t der S inus fro n ta lis  n u r in  geringem  M aße 
en tw ick e lt, dessen u n g e a c h te t (A bb. 9, 34) is t ab er sein S ch a tten  ausgep räg t.

D ie Squam a tem p o ra lis  des S chläfenbeins, Os temporale, g ib t den S c h a t
te n  d e r sich am  m eisten  vorw ölbenden  W an d  der Schädelhöhle (A bb. 8, 11, 38). 
D a d er H a u p ts tra h l die Schuppe ta n g e n tia l  t r if f t , gew innt m an  einen au f 
eine d ich tere  K o m p a k te  w eisenden g leichm äßig  b re iten , dunk len  add itio - 
nellen  S cha tten . D er S c h a tte n  der S chädelw and  is t an jen e r Stelle am  b re ite 
s te n , wo der P rocessus zygom aticus von  der Schuppe ausgeh t. D ie äußere  
G renzlin ie des S ch äd e lw an d sch a tten s  is t sch a rf, die in  R ich tu n g  der S chädel
höh le  b lickende dagegen  verw aschen  u n d  ung leichm äßig .

D er von  der S q u am a m it b re ite r B asis ausgehende Processus zy g o m ati
cus is t  fro n to b asila r fla c h , so daß  der sen k rech t fallende H a u p ts tra h l von der 
F o rtsa tz w u rz e l einen hellen  S ch a tten  m it fe in schaum iger S tru k tu r  (A bb. 8 —11, 
39) e rg ib t. D er vo rdere  u n d  h in te re  R an d  a h m t einen K o m p a k ta sc h a tte n  nach
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D er F o r ts a tz  b e sch re ib t einen etw as n a c h  v o rn e  gebeugten  B ogen, um  sich 
in  seiner F o rtse tz u n g  zu  verschm älern  u n d  a u f  eine W eise zu d rehen , daß  
seine F lächen  be re its  se itw ärts b lick en , d. h. daß  die Seite des F o rtsa tze s  
flach  is t; der S c h a tte n  ist c h a ra k te ris tisch . In  der N ähe des vo rd eren  
Jo ch b o g en -E n d es beim  inneren  R a n d  k o m m t in  F o rm  eines den E in d ru c k  
eines k leinen F o rtsa tz e s  bzw. einer S p itze  erw eckenden  S ch a tten s  der J o c h 
fo r tsa tz  des zum  Jo c h b e in  gehörenden P rocessus tem p o ra lis  (A bb. 8, 10, 11, 
40) zum  V orschein.

Die Jo ch fo rtsa tz -W u rzc l v e rfü g t sow ohl vo rne , als auch  h in ten  ü b e r 
e inen  au sg ep räg ten  R a n d ; am A nsatz des F o rtsa tz e s  so n d ert sich der S ch a tten  
des s ta rk  en tw ick e lten  Processus re tro g len o id a lis  ab (A bb. 8 — 11, 41). Bei 
den  K arn iv o ren  lassen  sich das T u b e rcu lu m  m an d ib u la re  u n d  die Fossa m an- 
d ib u la ris  in dieser S trah len rich tu n g  a u f  d er R ö n tg en au fn ah m e n ich t d iffe
renzieren .

A u f dem  R ö n tg en b ild  des do lichocephalen  H undeschädels b re ite t sich 
d er S ch a tten  des w ohlen tw ickelten  P ro cessu s  occipitalis — das is t der dorsal- 
w ä rts  gerich te te , h in te r  dem  Jo ch b o g en  liegende F o rtsa tz  der S ch läfenbein 
schuppe — ü b er die G renze der la te ra le n  W an d  der Schädelhöhle h in au s 
(A bb. 8, 10, 11, 42), w äh ren d  sich der w en iger en tw ickelte  F o rtsa tz  des b rach y - 
cephalen  H undes im  S ch a tten  des u m fan g re ich en , kugelförm igen  Schädels 
b efin d e t.

U n m itte lb a r  h in te r  der Jo ch b o g en w u rze l t r i t t  in F o rm  eines Vier- oder 
R ech teck s m it ab g eru n d e ten  Ecken d e r  helle scha tten fleck ige , e inheitliche, 
k o m p ak te , dunkle , m assive  S chatten  d e r  P a rs  p e tro sa  u n d  der P a rs  ty m p a n ic a  
in E rsch e in u n g  (A bb. 8 — 11, 43); la te ra lw ä rts  davon  b e fin d e t sich der S c h a tte n  
des äu ß eren  G ehörgangs, w ährend d ie  h in te re  G renze der dunk le , knollige 
S c h a tte n  des P rocessus jugularis b ild e t. A u f der m ed ia l lokalisierten  P a rs  
p e tro sa  sind  der sich  in  die Schädelhöh le  erhebende scharfe S ch a tten  der 
C rista  p a r tis  pe tro sae  (C rista pe trosa) (A bb . 8, 9, 11, 44) u n d  am  A nsatz  des
selben der S ch a tten  des Foram en c a ro tic u m  ex te rn u m  (A bb. 8 —11, 14) e r
sich tlich .

Am  äußeren  R a n d  des e rw äh n ten , g rö ß ten te ils  m assiven  S ch a tten s  der 
P a rs  p e tro sa , am  A n sa tz  der W urzel des P rocessus re trog leno idalis  k a n n  
der helle, rund liche  S c h a tte n  des F o ra m e n  re trog leno ideum  (A bb. 8 —11, 45) 
u n d  d a h in te r , einen gestrichelten  K a n a l  n ach ah m en d , der S ch a tten  des 
C analis tem p o ra lis  (C analis tem p o ra lis  la te ra lis ; A bb. 8 —11, 46) e rk a n n t 
w erden . D er S c h a tte n  des in der N ä h e  des F o ram en  re trog leno ideum  lo 
k a lis ie rten  P ó rus acu sticu s  ex te rnus l ä ß t  sich in  d o rso v en tra le r S tra h le n 
r ic h tu n g  w eniger d e u tlic h  darstellen. Im  S ch a tten  der P ars  pe tro sa , v o r dem  
au ffa llend  ch a rak te ris tisch en  F o ram en  ju g u la re , k o m m t d er helle ru n d lich e  
S c h a tte n  (Abb. 8 — 11, 47) des P ó rus acu sticu s  in te rn u s  zum  V orschein. D as 
C avum  ty m p a n i e rg ib t einen lo n g itu d in a len , d u rch  feine S ep ta  geg liederten
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hellen S ch a tten  (A bb. 8 — 11, 48) m it ch a ra k te ris tisch  p n eu m atisch er S tru k tu r ;  
an  d er v o rd e ren -in n eren  Grenze n im m t der S ch a tten  d er Ö ffnung der H ö r
tro m p e te  (A bb. 8 — 11, 13) P la tz .

2. Transversale ( sinistrodextrale)  Strahlenrichtung

Die h in te re  G renzlin ie des S ch äd e lsch a tten s  b ild e t das Os occipitale, 
g en au er gesagt die G elenkknorren  u n d  die S chuppe des H in te rh a u p tk n o c h e n s  
(A bb. 12, 13, 15, 1, 2). D er u n te re  A b sc h n itt dieser G renzlinie e rg ib t sich aus 
dem  das F o ram en  occip ita le  u m rah m en d en  scharfen  R an d  der beiden  K o n d y li, 
d o r t  wo sich G elenkfläche und  innere F läche des K norrens im  U b erg an g sran d  
tre ffen . D er o b erha lb  der S ch a tten  der K on d y li n ach  h in te n  gebeugte  S c h a t
te n  is t die P ro je k tio n  des oberen R an d es  des F o ram en  m agnum  (A bb. 12 — 15, 
3 ), dessen e igentliche Basis die be iden  T u b ercu la  nuch a lia  b ilden . A uch die 
G renzlin ie des scharfen  R andes d er die Fossa condylaris dorsalis von  h in te n  
u m rah m en d en  K o n d y li is t deu tlich  s ic h tb a r (A bb. 12 —15, 4). D er helle, k a n a l
fö rm ige S ch a tten  des Canalis condy laris  — w elches G ebilde beim  H u n d  die 
K o n d y li d u rc h b o h rt — k an n  im  S c h a tte n  der K ondy li w ahrgenom m en w erd en ; 
a u f  diesem  G ebiet b e fin d e t sich in d er N ähe des S ch a tten s  der Fossa co ndy laris  
v e n tra lis  auch  der S c h a tte n  des F o ram en  ju g u la re  (A bh. 12 —15, 6). V or dem  
S c h a tte n  der K on d y li liegen die S c h a tte n  der Processus ju g u la res  (A bb. 12 — 15,
7); sie hab en  ein k eg e la rtig  ab g eru n d e tes  E n d e  u n d  sind in  R ich tu n g  d er 
B asis b re ite r. D ie a u f  der äußeren  F läch e  des Processus ju g u la ris  befind liche , 
m it scharfem  K n o ch en ran d  u m ra h m te , zum  M uskelu rsp rung  d ienende F u rch e  
k an n  au f dem  R ö n tg en b ild  des F o rtsa tz e s  m itu n te r  deu tlich  e rk a n n t w erd en ; 
in  den S ch a tten  d er F o rtsä tz e  p ro jiz ie rt sich quer der u n te re  R an d  der G elenk- 
kn  orrén .

Die ungle ichm äßige  G renzlinie d er S chuppe der P a rs  nuchalis (A bb. 12 — 
15, 8) e rre ich t die G renzlinie der P a rs  parie ta lis  du rch  die P ro tu b e ra n tia  
occip ita lis e x te rn a  (A bb. 12 —15, 9). Beim  dolichocephalen  H u n d  is t d er 
S ch a tten  der P a rs  p a rie ta lis  von g robschaum iger u n d  der der P ars  p a rie ta lis  
von  feinschaum iger S tru k tu r . D er G en ickkam m  b ild e t eine von  der P ro tu b e 
ra n tia  occip italis ausgehende, b ila te ra l, a n te ro v e n tra l, im  S ch a tten  des Schup- 
p en ab sch n itts  bis zum  v o rd e ren -u n te ren  E nde  des F elsenbeins v erlau fen d e  
G renzlin ie von  un regelm äß iger B re ite ; da die beidseitigen  R än d e r e in an d e r 
im  allgem einen n ic h t bedecken , is t diese L inie zum eist v e rd o p p e lt (A bb. 12 — 
15, 10). D er helle, eine schaum ige S tru k tu r  aufw eisende S ch a tten  der a u f d er 
P a rs  pa rie ta lis  befind lichen  C rista sag itta lis  ex te rn a  so n d ert sich beim  do li
chocephalen  H u n d  vom  m assiven S c h a tte n  des S chädeldachs deu tlich  ab  
(A bb. 1 2 - 1 5 ,  11).

Die Facies cerebralis  der H in te rh a u p tb e in sc h u p p e  h a t  einen S c h a tte n  
m it ung le ichm äßiger G renzlinie, w äh ren d  der d a ra u f  befindliche P rocessus
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te n to r ic u s  (T en to rium  cerebelli osseum ) einen e tw as verschw om m enen , hellen  
S c h a tte n  m it unregelm äßigem  R an d  u n d  schw am m iger S tru k tu r  e rg ib t (A bb. 
12 —15, 12). O berhalb  des Processus te n to r ic u s  sind  die S ch a tten  des C analis 
tra n sv e rsu s  m eatus tem p o ra lis  (A bb. 12 — 15, 13) sowie des aus diesem  G ebilde 
ausgehenden  und  sich  beiderseitig  fo rtse tz e n d e n  Canalis tem p o ra lis  la te ra lis  
e rs ich tlich ; der le tz te rw äh n te  K a n a l ö ffn e t sich du rch  das F o ram en  re tro - 
g lenoideum .

-7> 
-5 

— 1

A b b .  1 2 .  Röntgenbild der Hirnschädelknochen des dolichocephalen Hundes. Sinistrodextrale 
Strahlenrichtung. 1, Condyli occipitales; 2, Squama occipitalis; 3, Tuberculum nuchale; 4, 
Fossa condylaris dorsalis; 5, Canalis condylaris; 6, Foramen jugulare; 7, Processus jugularis; 
8, Pars nuchalis squamae occipitalis; 9, Protuberantia occipitalis externa; 10, Crista nuchae;
11, Crista sagittalis externa; 12, Processus tentoricus (Tentorium cerebelli osseum); 13, 
Canalis transversus meatus temporalis; 14, Pars basilaris; Os basioccipitale; 15, Tuberculum 
musculare; 16, Os sphenoidale; 17, Processus pterygoideus ossis ethmoidalis; 18, Foramen 
alare caudale; 19, Fissura orbitalis; 20, Canalis opticus; 21, Foramen ethmoideum (Abb. 12); 
22, Lamina cribrosa; 23, Lamina interna ossis frontalis (Abb. 12, 14, 15); 24, Foramina ethmoi- 
dalia (Abb. 12, 15); 25, Ethmoturbinalia; 26, Addizionierter Schatten der Crista sagittalis 
externa (Abb. 12,14, 15); 27, Planum temporale ossis parietalis; 28, Juga cerebralia; 29, Pars 
nasofrontalis ossis frontalis (Abb. 12, 14, 15); 30, Pars nasofrontalis ossis frontalis (brachy- 
cephaler Hund) (Abb. 13); 31, Innere Grenze der Kompakta der Pars nasofrontalis; 32, Lamina 
interna ossis frontalis; 33, Processus zygomaticus ossis frontalis; 34, Canalis ethmoideus (fora
men ethmoideum; Abb. 13); 35, Sinus frontalis; 36, Kaudomedialer Teil des Sinus frontalis; 
37, Recessus sinus frontalis (Abb. 12, 14, 15); 38, Schatten von spongiöser Struktur der late
ralen Schädelwand (Abb. 12, 14, 15); 39, Radix processus zygomatici ossis temporalis; 40, 
Processus zygomaticus ossis temporalis; 41, Grenzlinie der falschen Naht des Schläfenbein- und 
Jochbeinfortsatzes; 42, Tuberculum articulare (Abb. 12, 14, 15); 43, Fossa mandibularis (Abb.
12, 14, 15); 44, Processus retroarticularis; 45, Felsenbein (Pyramidum); 46, Meatus acusticus

externus; 47, Cavum tympani
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Die G renzlin ie d er äußeren  F läche des flach en , k u rzen , b re iten  Basiocci- 
p ita le  t r i t t  im  zu sam m en g ese tz ten  S c h a tte n  — obw ohl es d u rch  den P ro ces
su s  ju g u la ris  u n d  d er P a rs  ty m p an ica  des S ch läfenbeins b ed eck t is t  — m it der 
v e rh ä ltn ism ä ß ig  d ic h te n  K o m p ak ta  (A bb. 12 —15, 14) deu tlich  h e rv o r; den  
verschw om m enen  d u n k len  S ch a tten  des a u f  dem  B asioccip ita le  liegenden  
T u b e rcu lu m  m u scu la re  (A bb. 12 —15, 15) f in d e t m an  beim  v o rd eren  R a n d  der 
P a rs  ty m p an ica .

A b b .  1 3 .  Röntgenbild der Hirnschädelknochen des mesocephalen Hundes. Sinistrodextrale 
Strahlenrichtung. Erläuterungen s. bei Abb. 12

Die äußere F läch e  des v o r dem  H in te rh a u p tb e in  lokalisierten  O s  s p h e n o i 

d a l e  b ild e t in tra n sv e rsa le r  S trah len rich tu n g  eine scharfe  G renzlinie (A bb. 12 — 
15, 16); die poröse S u b stan z  seines v e rh ä ltn ism ä ß ig  dicken K örp ers  w ird  
d u rc h  die W urzel des Jochbogens g rö ß ten te ils  b ed eck t; das e rw äh n te  Ge
b ild e  b edeck t au ch  den  tem p o ra len  u n d  te ils  den o rb ita len  F lügel des K eil
b e in s , der P rocessus p te rygo ideus n im m t dagegen , als au f die K nochengrenze  
d e u te n d e r S c h a tte n  (A bh. 12 —15, 17) te ilw eise au ß e rh a lb  des S ch äde lbasis
sc h a tte n s  P la tz . D ie dorsale  und  zerebrale  F läch en  des K eilheinkörpers u m 
r a h m t  eine abw echselnd  schärfere, d u n k le re  oder hellere verschw om m ene 
G renzlin ie; da d e r h in te re  Teil du rch  den  d u n k len  S ch a tten  der W urzel des 
P rocessus zygom aticus b ed eck t ist, sind w eder die Sella tu rc ica , noch  das 
D o rsu m  sellae oder d er P rocessus c lino idcus e rsich tlich  (n ich t e inm al a u f 
d e r R ö n tg en au fn ah m e des der M edianebene en tlan g  h a lb ie rten  Schädels). 
A ngesich ts dessen, d aß  der H a u p ts tra h l die L ängsachse der Jochbogenw urzel
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A b b .  1 4 .  Röntgenbild der Hirnschädelknochen des brachycephalen Hundes. Sinistrodextrale 
Strahlenrichtung. Erläuterungen s. bei Abb. 12

A b b .  1 5 .  Röntgenkonturzeichnung der Hirnschädelknochen des dolichocephalen Hundes. 
Sinistrodextrale Strahlenrichtung. Erläuterungen s. bei Abb. 12
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ta n g ie r t ,  is t ih r S c h a tte n  dunkel u n d  d ich t. A m  A nsatz  der W urzel befinden  
sich  die S cha tten  des F o ram en  alare  ro s tra le  u n d  ein T eil der des F o ram en  
a la re  caudale (A bb. 12 — 15, 18). V or u n d  o b erha lb  des F o ram en  alare  ro stra le  
b e f in d e t sich der S c h a tte n  der F issu ra  o rb ita lis  (A bb. 12 — 15, 19), w ährend  
ü b e r  und  vor d ieser S p a lte  der S c h a tte n  des Canalis op ticus (A bb. 12 —15, 
20) anzu treffen  is t;  d ie äu ß ere  u n d  innere  Ö ffnung des C analis op ticus sondern  
sich  voneinander n ic h t ab . D as a u f dem  tem p o ra len  F lügel befindliche F o r
am en  e thm oideum  g ib t einen kurzen , kan a lfö rm ig en  S c h a tte n  (A bb. 12, 21); 
das schw ach en tw ick lte  R o stru m  sphen o id eu m  is t a u f  d er R ö n tg en au fn ah m e 
n ic h t  w ahrzunehm en .

D er in tra n sv e rsa le r  S tra h le n ric h tu n g  am  d eu tlich sten  d a rgeste llte  Teil 
des die vordere W a n d  d e r Schädelhöhle b ildenden  Os ethmoidale  is t die L am ina 
crib ro sa  m itsam t den  d a ra u f  befind lichen  L öchern ; die sehr feine S c h a tte n 
lin ie  is t nach vo rn e  k o n v ex , nach  h in ten  k o n k a v  u n d  h a t  einen verschw om m e
n en  ungleichm äßigen  R an d  (Abb. 12 — 15, 22); a u f  dem  der M edianebene e n t
la n g  halb ierten  S ch äd e l is t dieser S c h a tte n  au sg ep räg te r. D ie S cha tten lin ie  
ü b e rg eh t nach oben  u n d  n ach  h in ten  in  den  S c h a tte n  der zum  Sinus fro n ta lis  
gehörenden  L am in a  in te rn a  (A bb. 12, 13, 15, 23). A u f den  sa g itta l liegenden 
la te ra le n  Teilen d e r L am in a  cribrosa lassen  sich  die S iebbein löcher (besonders 
a u f  dem  h a lb ie rten  Schädel) in F o rm  zah lre icher w inziger, k reisförm iger, 
h e lle r S chatten  (A bb. 12 —15, 24) b eo b ach ten .

Die E th m o tu rb in a lia  erscheinen in F o rm  von sich ra d iä r  von der L am ina  
c rib ro sa  etw as v erzw eigende, in  R ic h tu n g  d er N asenhöh le  verlau fende feine 
L in ien  (Abb. 12 — 15, 25); sie k reuzen  den  S ch a tten  der S tirn h ö h le ; am  au s
gep räg testen  sind  sie a u f  dem  Schädel des b rach y cep h a len  H undes.

Das Os interparietale , das beim  H u n d  bere its  v o r der G eb u rt m it der 
H in to rh a u p tb e in sc h u p p e  verw ächst, h a t  einen gu t en tw ick e lten  Processus 
te n to ric u s ; der S c h a tte n  dieses G ebildes is t  sichelförm ig, m it fein spongiöser 
S tru k tu r  und  h e b t sich  in F o rm  eines sp itz  zu lau fenden  F o rtsa tze s  (A bb. 12 — 
15, 12) in den S c h a tte n  der S chädelhöhle h inein . A uf d er Rasis des F o rtsa tzes  
is t  d er helle S c h a tte n  des quer v e rlau fen d en  Canalis tran sv e rsu s  m eatu s  te m 
pora lis  ersich tlich  (A bb. 12 —15, 13); a u f  dem  Schädel des b rachycephalen  
H u n d es  t r i t t  dieses G ebilde d eu tlicher in  E rsch e in u n g , als beim  m esocephalen  
H u n d .

A uf den P la n a  p a rie ta lia  der das S chädeldach  u n d  teilw eise auch  die 
S eitenw and  des S chädels b ildenden  beid en  Ossa parietalia  g ib t die in  der 
M edianebene liegende , m äch tig  en tw ick e lte  C rista  sag itta lis  ex te rn a  einen 
d u n k len  add itio n e llen  S ch a tten  von  d ic h t spongiöser S tru k tu r  (A bb. 12, 13, 
15, 26), der an b e id en  Seiten in einen hellen  S ch a tten  m it ähn lich  spongiöser 
S tru k tu r  ü b e rg eh t (A bb. 12 —15, 11). D er S ch a tten  des P lan u m  p arie ta le  
s e tz t  sich verschw om m en  im  eine schaum ige S tru k tu r  aufw eisenden  S ch a tten  
des P lanum  te m p o ra le  fo rt (Abb. 12 —15, 27). A uf der der Schädelhöhle zu
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fallenden  F läche  des Scheitelbeins sind  den lo n g itu d in a len  F urchen  der G ro ß 
h irn h em isp h ären  en tsp rech en d , die k rä ftig  en tw ick e lten  long itud inalen  J u g a  
c 're b ra lia  ersich tlich , welche in ten siv  d unk le , in  para lle len  Bogen v e rla u fe n 
de linienförm ige S ch a tten  (A bb. 12 —15, 28) ergeben. A u f der ha lb ie rten  u n d  
m it scharfem  L ich t d u rch leu ch te ten  S chädelw and  b e finden  sich die J u g a  
cerebralia  s ich tlich  den zw ischen den einzelnen G roßh irw indungen  v e rlau fen 
den F u rch en  e n tsp rech en d ; auch  die SYLViussche F issu r lä ß t sich d eu tlich  
erkennen . D er sich  nach  v e rn e  stufenw eise verschm älernde  S ch a tten  d er 
C rista  sag itta lis  e x te rn a  en d e t beim  A u sg an g sp u n k t d er beiden  Lineae te m 
porales in sp itzem  W inkel.

A uf dem  Schädel des m csocephalen  u n d  noch  eher des b rachycephalen  
H undes is t die C ris ta  sag itta lis  ex te rn a  lediglich in  der N ähe der Crista n u ch ae  
ausg ep räg t, an  je n e r  Stelle, wo der helle, einen  k le inen  K am m  nach ah m en d e  
S ch a tten  m it fein  spongiöser S tru k tu r  (A bb. 13, 14, 11) zum  Vorschein k o m m t. 
A u f der dorsalen  W an d  des b rach y cep h alen  Schädels e rg ib t das S chädeldach  
in  der Fossa fro n ta lis  einen, einer m assiven  K o m p a k ta  ähnlichen , g leichm äßig  
d icken , dunk len  S ch a tten , w elcher sich im  S ch a tten  d er das S chädeldach  b il
denden  Scheitel- u n d  S tirnbeine  befindet.

Die P ars  n aso fro n ta lis  des Os frontale  is t beim  dolichocephalen H u n d , 
der L inea tem p o ra lis  en tsp rechend , s ta rk  gew ölbt u n d  t r i t t  au f der R ö n tg e n 
au fnahm e in F o rm  eines dicken ad d itio n a len  S ch a tten s  (A bb. 12, 13, 15, 29) 
in  E rscheinung . A u f dem  b rachycephalen  u n d  m itu n te r  auch  au f dem  m eso- 
cephalen  Schädel e rg ib t dieses G ebilde einen die S tirnhöh le  k reuzenden  
dicken , sch a rfk an tig en , gleichm äßig  b re iten , dunk len  K o m p a k ta sc h a tte n  (s. 
oben, A bb. 14, 30). Die äußere S tirn b e in p la tte  e rsch e in t au f dem R ö n tg e n 
b ild  als d icker, d u n k le r K o m p a k ta sc h a tte n  m it e iner n ach  außen sch arfe r, 
u n d  in R ich tu n g  d er S tirnhöh le  verschw om m ener G renze (Abb. 12, 13, 15, 
31). Die L am ina in te rn a  des S tirnbe ins, die die S tirnhöh le  von  u n ten  u m ra h m t, 
g eh t vom  S ch a tten  der S ieh p la tte  aus u n d  v e rläu ft in W ellenlinienform  n ach  
rü ck w ärts  (A bb. 12 — 15, 32).

U n te r den  F o rtsä tz e n  des S tirnbeins e rg ib t der P rocessus zygom aticus, 
im  G egensatz zum  Processus nasalis, einen deu tlich  b ew ertb a ren  R ö n tg e n 
sc h a tte n  (A bb. 12 — 15, 33). D er Processus zygom aticus, in  den die S tirnhöh le  
in F o rm  eines R ecessus ein d rin g t, e rschein t au f dem  R ön tg en b ild  — u n d  zw ar 
besonders au sg ep räg t a u f  der den h a lb ie rten  Schädel d ars te llen d en  A ufnahm e — 
im  S ch a tten  d er S tirnhöh le , in  F o rm  eines dreieckigen p n eum atischen  S c h a t
ten s . D er P rocessus zygom aticus u n d  die P a rs  n aso fro n ta lis  nehm en e in iger
m aßen  auch  in  der B ildung  des S ch a tten s  des A nulus o rb ita lis  teil. In  der sen k 
re c h t fallenden S trah len rich tu n g  g ib t die P a rs  o rb ita lis  keinen  abg renzbaren  
S ch a tten , der S c h a tte n  des an  dieser Stelle befind lichen , m anchm al d o p p e l
te n  F o ram en  e th m o id eu m , genauer gesagt »Canalis ethm oideus« (A bb. 13, 
34), — die einen die P a rs  o rb ita lis  quer k reuzenden  K an a l b ildet — t r i t t
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je d o c h  in  E rsche inung . D er in den S c h a tte n  der Pars tem p o ra lis  p ro jiz ie rte  
S c h a tte n  des Sinus fro n ta lis  v e rlie rt sich in  der senk rech t fa llenden  S tra h le n 
r ic h tu n g .

D er Sinus fro n ta lis  g ib t beim  do lichocephalen  H u n d  einen  u m fan g re i
chen  S c h a tte n  (A bb. 12 — 15, 35), w äh ren d  a u f  dem  m esocephalen  u n d  b rach y - 
cep h a len  Schädel der S c h a tte n  w eniger um fan g re ich  ist. Die G renze des kau - 
do m ed ia len  A b sch n itts  d er S tirnhöh le  b e fin d e t sich beim  dolichocephalen  
H u n d  am  vorderen  E n d e  der C rista sa g itta lis  ex te rn a , heim  In itia la b sc h n itt 
d er b e id en  L ineae tem p o ra les  (A bb. 12-—15, 36); die G renzlinie, die sich au s
sch ließ lich  au f das S tirn b e in  au sb re ite t, e rre ich t das vo rdere  E n d e  der P ars  
n a so fro n ta lis  au f den beiden  Seiten d e r S ieb p la tte , die vo rd e re , e tw as v e r
schw om m ene G renze v e r lie r t sich in  d ieser S trah len rich tu n g  gew isserm aßen 
im  S c h a tte n  der E c to tu rb in a lia  bzw. d e r N asenm uschelhöh len . Im  S ch a tten  
des S inus fro n ta lis  lassen  sich die S c h a tte n  d er die Zellen abscheidenden  K no- 
ch e n se p ta  b eo b ach ten . A n den beiden  S e iten  der M edianebene p ro jiz ie rt sich 
in  den  S ch a tten  der Schädelhöhle v e n tra l  je  ein R ecessusschatten  (A bb. 12, 
13, 15, 37).

D ie Schuppe des Os temporale, w elche der H a u p ts tra h l sen k rech t b e 
t r i f f t ,  e rg ib t a n s ta t t  eines selb ständ igen  S ch a tten s , einen Teil des eine sp o n 
giöse S tru k tu r  au fw eisenden  S ch a tten s  d e r Schädelw and (A bb. 12, 13, 15, 
38). A u f dem  R ö n tg en b ild  des h a lb ie rten  Schädels lä ß t sich als G renze des e r
w ä h n te n  S ch a tten s  ein unregelm äß iger, halbkre isfö rm iger, d u n k le r K ondenz- 
s tre ifen  erkennen . D er von  der S chuppe la te ra lw ä rts  ausgehende Processus 
zy g o m aticu s  h a t, da d er H a u p ts tra h l seine L ängsachse b e tr if f t , einen dunk len , 
d ic h te n  S ch a tten  m it verw aschener G renze (A bb. 12 —15, 39), der sich vom  
eben fa lls  d ich ten , a u f  w inzige p n eu m atisch e  H öhlen w eisenden S ch a tten  des 
d a h in te r  liegenden F elsenbeins k au m  u n te rsch e id en  läß t. A u f d er oberen  und  
u n te re n  K an te  des au sg ep räg ten  te m p o ra len  Jo ch fo rtsa tzes  t r i t t  ein K o m p ak ta - 
s c h a tte n  m it fe inspongiöser S tru k tu r  in  E rscheinung  (A bb. 12 — 15, 40), der 
s ich  n a c h  vorne, wie ein sp itzer F o r ts a tz , stufenw eise v e rsch m äle rt. D er J o c h 
fo r ts a tz  des S tirnbe ins u n d  der tem p o ra le  F o rtsa tz  des Jo ch b e in s  tre ffen  sich 
in  e in e r hellen S ch a tten lin ie  (A bb. 12 — 15, 41). D ort wo d er tran sv e rsa le  A b
s c h n i t t  des Jo c h fo rtsa tz e s  in  den sa g itta le n  A b sch n itt ü b e rg eh t, so n d ert sich 
— insbesondere a u f  dem  h a lb ie rten  S chädel - der ausg ep räg te , h öckerartige  
S c h a tte n  des T u b ercu lu m  articu la re  (A bb. 12, 13, 15, 42) ab. A u f dem  R ö n tg e n 
b ild  lä ß t  sich auch  die Fossa m an d ib u la ris  (Abb. 12, 13, 15, 43) e rkennen , 
obw oh l das G ebilde bei den  K arn iv o ren  w eniger en tw ickelt is t. D er in tensive , 
e inen  v o rw ärts  geb eu g ten  H acken  n ach ah m en d e , den S c h a tte n  der S chädel
b as is  üb ersch re iten d e  S ch a tten  des P rocessus retrog leno ideus (A bb. 12 —15, 
44) t r i t t  a u f  den drei S ch äd e lty p en  gleich d eu tlich  in E rsche inung . D er S ch a tten  
des den  äußeren  G ehörgang  u m gebenden  Processus aboralis schm ilz t m it dem  
d u n k le n  S ch a tten  des Felsenbeins zu sam m en  und b e fin d e t sich im  oberen
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Teil desselben. D ie w ellenförm ige S cha tten lin ie  d er C rista  nu ch ae  p ass ie rt 
a n te ro v e n tra l den d u n k len  S ch a tten  des F elsenbeins (A bb. 12 — 15, 45) u n d  
v e rlie rt sich dem nach  im S ch a tten  des Processus re tro ty m p a n ic u s . D er S c h a t
te n  des äußeren  k n ö ch ern en  G ehörganges u m fa ß t den  um fangre ichen , ru n d 
lichen , hellen S c h a tte n  des äußeren  G ehörganges (A bb. 12 —15, 46) r in g 
artig . Im  Felsenbein  befin d en  sich m ehrere  ru n d lich e  S ch a tten , w elche die 
Öffn ung  des inneren  G ehörganges, das F o ram en  sty lo m asto id eu m , den Cana- 
lis tem p o ra lis  u n d  schließlich  den pn eu m atisch en  S c h a tte n  der P au k en h ö h le  
rep rä sen tie ren ; das le tz te rw ä h n te  Gebilde u m ra h m t in  F o rm  einer dü n n en , 
dunk len  S cha tten lin ie  die dünne W an d  der P a rs  ty m p a n ic a . In  d er P a rs  p e t 
rosa  lä ß t  sich die H öhle des L ab y rin th u s  osseus u n te rsch e id en . D er v e rh ä lt
n ism äßig  um fangre iche  helle S ch a tten  der P a u k en h ö h le  (A bb. 12 — 15, 47) 
p ro jiz ie rt sich in  den  S ch a tten  der die Schädelbasis b ildenden  K nochen ; 
die H öhle w ird  d u rch  den  H in te rh a u p tb e in k n o c h en  h a lb ie rt. Die u n te re  H älfte  
der H öhle h e g t au ß erh a lb  des S ch a tten s  der S chädelbasis , w äh ren d  d er h in te re  
R an d  an  den Processus ju g u la ris  s tö ß t.

ZUSAMMENFASSUNG

Von den Hirnschädelknochen verschiedener Hundearten (dolichoceplialer, mesocepha- 
ler, brachycephaler Hunde) wurden mit weitem Fokus-Film-Abstand Röntgenaufnahmen 
aus der dorsoventralen und sinistrodextralen Strahlenrichtung gemacht. In beiden Strahlen
richtungen wurde der Fallpunkt der Zentralstrahlen bestimmt. Um die röntgenanatomischen 
Verhältnisse der Knochen besser verständlich zu machen, wird die deskriptive Anatomie der 
Schädelknochen des Hundes unter Berücksichtigung der röntgenanatomischen Gesichtspunkte 
kurz besprochen. Die Autoren beschreiben den Röntgenschatten der Knochen aus den erwähn
ten beiden Strahlenrichtungen und berücksichtigen hierbei besonders jene Hirnschädelkno
chenteile, denen vom klinischen und praktischen Gesichtspunkt Bedeutung zukommt.Röntgen
aufnahmen und Röntgenkonturzeichnungen illustrieren die ausführliche Beschreibung; in 
den Aufnahmen und Zeichnungen sind die im Text beschriebenen Schatten und Konturlinien 
mit Zahlen bezeichnet.
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BEOBACHTUNGEN ZUR EXCYSTATION 
YON SPOROZOITEN DER KOKZIDIENART 

EIMERIA STIEDAI

Von

U. D ürr, H.-H. H eunert, B. Milthaler und H.-K . Galle*
Institut für Parasitologie und Parasitäre Krankheiten der Tiere 

(Direktor: Prof. G. L äm m ler), Justus Liebig Universität Gießen und 
Institut für den Wissenschaftlichen Film (Direktor: Prof. G. W o lf), Göttingen

(Eingegangen am 12. Januar 1972)

Untersuchungen über eine in vitro-Excystation von Oocysten wurden schon seit 
langem durchgeführt. Me t zn er  (1903) stellte fest, daß der die Excystation auslösende Wirk
stoff im Pankreassaft enthalten wäre. Aufgrund zahlreicher weiterer Experimente wissen wir 
heute, daß als exogene Faktoren im wesentlichen eine Sauerstoffverminderung und eine 
Kohlendioxydanreicherung sowie daran anschließend eine Inkubation in einem Trypsin- 
Galle-Gemisch bei Temperaturen, die der Körpertemperatur der jeweiligen Wirtsart entspre
chen, eine Rolle spielen (zusammenfassende Lit. s. bei K r ie g , 1971). Eine teilweise Auflösung 
und ein Herausquellen des Stieda- und Substiedakörpers der Sporozysten nach Zusatz von 
Trypsin und Galle beobachteten R o berts  u . Mitarb. (1970b) bei E. callospermophili und E. lari- 
merensis.

Weniger ist über eine aktive Beteiligung der Sporozoiten bei der Excystation bekannt. 
Met zn er  (1903) beobachtete die Excystation bei Kaninchenkokzidien und verwies auf Eigen
bewegungen der Sporozoiten in den Sporozysten bei der Excystation. Letztere gehe mit einer 
Einschnürung der Sporozoiten einher und ruckweise vonstatten. Das zugespitzte Vorderteil 
des Sporozoiten erscheine zuerst außerhalb der Sporozyste und verbreitere sich sofort danach. 
Weitere zwei bis drei Bewegungen führten ihn ganz heraus. Ähnliche Beobachtungen an Kanin
chen-, Geflügel- und Rinderkokzidien stammen von Sm etana  (1933), G oodrich  (1944), 
I k ed a  (1960), D oran  und F a rr  (1962), D oran  und Mitarb. (1962), F arr  und D oran  (1962), 
N y berg  und H ammond  (1964), N y b er g  und Mitarb. (1968) sowie L otze und L e e k  (1968), 
wobei immer wieder die über den Körper des Sporozoiten hinweggleitende Einschnürung er
wähnt wird.

Z ur w eiteren  K lä ru n g  von E inze lhe iten  d er E x cy sta tio n sv o rg än g e  bei 
E. stiedai w urden  sowohl D irek tb eo b ach tu n g en  als auch F ilm au fn ah m en  h e r
angezogen.

M ateria l und M ethodik

F ü r  die U n te rsu ch u n g en  w urden  e tw a  4 — 8 W ochen a lte , sporu lierte  
E. s tieda i-0o cysten  b e n u tz t, die bis zum  U n te rsu ch u n g sze itp u n k t bei ca. 
4 °C in K a liu m b ich ro m atlö su n g  au fb ew ah rt w orden  w aren. Z ur E x cy sta tio n  
w urden  die S porozysten  du rch  Z erm örsern  aus den  O ocysten  fre igese tz t u n d  
nach  e inm aliger F iltra tio n  d u rch  G lasperlen  v o n  ca. 100 /л D urchm esser oder

* Mit Unterstützung der Deutschen Forschungsgemeinschaft.
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d u rch  A u g en w atte  (Krieg , 1971) in  physio log ischer K ochsalzlösung m it 0 ,25%  
T ry p s in z u sa tz  (Rose, 1959) oder 8% Galle- u n d  0 ,2%  T ry p sin zu sa tz  (Krieg , 
1971) su sp en d ie rt. Z ur D ire k tb e o b a c h tu n g  der E x cy sta tio n sv o rg än g e  w u rd en  
die P rä p a ra te  im  h än g en d en  T ropfen  oder im  D eck g la sp räp ara t a u f e inen  
W ärm etisch  m it e tw a 39 °C g eb rach t u n d  im  H ellfeld b e tra c h te t.

F ü r  die F ilm au fn ah m en  erfo lg te die E x c y s ta tio n  im  D e c k g la sp rä p a ra t 
u n d  M ik roskop-H eizsch rank  n ach  H eünert (1962) bei 36 °C.

D ie F ilm au fn ah m en  w urden  m it e iner A skania  — Z — K am era  u n te r  
V erw endung  eines Zeiss — W L  — M ikroskops (O b jek tiv e : N eofluar u n d  
P la n a c h ro m a t 100 X , F o to o k u la re  5 u n d  6,3 X ) au f 35 m m  N orm alfilm  d u rc h 
g e fü h rt. Es w urden  P h a se n k o n tra s t-  und  D iffe ren tia l-In te rfe ren zk o n tra s t-  
b e leu ch tu n g  n ach  N o rm arsk i v e rw en d e t. Die A ufnahm egeschw ind igkeit 
b e tru g  2, 4 u n d  24 B ilder pro S ekunde. D ie A usw ertung  erfolgte bei b is zu 
3000-fachcr V ergrößerung .

E rgebnisse

a)  Verhalten der Sporozoiten in den Sporozysten

In  den S porozysten  lagen die S porozo iten  s te ts  so, d aß  sich das V o r
d eren d e  des einen Sporozoiten  neben  dem  H in te ren d e  des anderen  b efan d . 
Die bei H e llfe ldbe leuch tung  oft opaken  u n d  n u r geringgradig  d u rch sch e in en 
den  S porozystenhü llen  begannen  sich  kurze  Zeit n a c h  dem  T ry p sin zu sa tz  
au fzuhellen  u n d  w aren  nach  einigen M inuten  m eist n u r  noch m it M ühe zu 
e rk en n en . Die M ik ropy lenöffnung1 w ar d u rch  einen in  d er In te rfe re n z k o n 
tra s tb e le u c h tu n g  k o m p a k t aussehenden , ovo iden  K ö rp er verschlossen, dessen 
D urchm esser in  der B re ite  2,3 ^  0,1 p  u n d  in der H öhe 1,5 ^  0,2 p  (n = 21) 
b e tru g en . F rü h esten s  k n ap p  1 M inu te  n ach  dem  Z usatz  der T rypsin -G alle- 
L ösung  begann  er von  der Spitze h e r heller zu w erden u n d  w ar n ach  einei 
w eite ren  %  M inute k a u m  m ehr zu e rk en n en . S ta ttd essen  se tz ten  sich die K o n 
tu re n  der S porozystenhü lle  an  seiner ehem aligen oberen B egrenzung  n u r  
u n d e u tlic h  fo rt, w äh ren d  an seiner u n te re n  B egrenzung eine sich k o n k a v  in 
die S porozyste  h ineinw ölbende S ch ich t in  E rsch e in u n g  t r a t ,  die in  k o n tin u ie r 
lichem  Z usam m enhang  m it der S porozystenhü lle  s ta n d  u n d  auch  e tw a  deren  
S tru k tu r  u n d  D icke aufw ies (A bb. 1, 1 — 3 u n d  A bb. 2, 1 —2).

N ach u n te rsch ied lich en  Z eiten  (s. T ab  I I ) , o ft zu r gleichen Z eit, in  der 
d er S tied ak ö rp er h e ller w urde oder n ic h t m ehr s ich tb a r w ar, b eg an n en  sich

1 Im folgenden wird bis auf weiteres der Begriff Mikropyle für die durch das Stieda- 
Körperchen verschlossene Ausschlupföffnung der Sporozoiten aus der Sporozyste verwendet. 
Eine Normierung dieses und anderer Begriffe entsprechend dem von L e v in e  (1969) vorge
schlagenen Schema erscheint erstrebenswert.
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die Sporozoiten  in den einzelnen  S porozysten  zu bew egen .2 L angsam  begann  
das spitzere, n ic h t den re fra k tile n  K ö rp er en th a lten d e  E n d e  des Sporozoiten  
— im  folgenden s te ts  als das Y orderende  bezeichnet — an  d er In n en w an d  der 
S porozyste  e n tla n g  zu g leiten. A n einem  der Pole ang e lan g t, v e rh a rr te  es einen

A b b .  1. Auflösung des Stiedakörpers und Verhalten der die Mikropyle verschließenden Schicht, 
1 - 3 ,  Auflösung des Stiedakörpers und Sichtbarwerden des zweiten Mikropylenverschlusses; 
4, Der erste Sporozoit drückt die Verschlußschicht der Mikropyle nach außen; 5, Nach der 
F.xcystation des ersten Sporozoiten ist der Mikropylenverschluß an der rechten Seite durch

bohrt; 6, Der zweite Sporozoit zwängt seine Spitze durch die bestehende Öffnung

M om ent, um  sich  dan ach  e n tw ed e r u n te r  S tum pferw erden  oder m it einer sich 
ausb ildenden  s ta b a rtig e n  V erd ü n n u n g  abzubiegen. W eite r an  der W an d  
en tlan g g le iten d  w urde  die B iegung  des Sporozoiten  im m er s tä rk e r . Schließ
lich  b e tru g  sie n ah ezu  180° u n d  e rfaß te  b is zu r M itte des Sporozo itenkörpers 
fo rtsch re iten d  im m er größere T eile  desselben, bis sich n a c h  Ü berw indung  
eines to ten  P u n k te s  der ganze K ö rp e r  in  e iner schnelleren g le itenden  Bew egung

2 Ein Durchschnittswert läßt sich, ebenso wie bei fast allen folgenden Zeitangaben auf
grund der großen Streubreite und der Tatsache, daß oft viele Sporozoiten selbst nach bis zu 
4-stündiger Beobachtung keine Lebenszeichen erkennen ließen, nicht angeben.
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w ieder s treck te , w obei au ch  der h in te re , den re frak tilen  K ö rp er en th a lten d e  
K ö rp erte il gegen einen in n e ren  elastischen  W id erstan d  e tw as abgebogen w urde 
(A bb. 3).

A b b .  2 .  1 3, Sporozyste mit einem zweiten Stiedakörper. 1, Zu Beginn der Inkubation mit
Trypsin und Galle; 2, Der obere Stiedakörper hat sich vollständig aufgelöst, der untere beginnt 
sich zu lösen; 3, Nach der Excystation des ersten Sporozoiten ist von dem unteren Stiedakörper 
nur noch die Begrenzung zu sehen; 4—5, Gleichzeitiger Excystationsversuch beider Sporozoiten 
einer Sporozyste; 6, Abknicken der verdünnten Apikalregion des zuerst excystierenden Sporo

zoiten; 7, Excystation eines Sporozoiten mit dem refraktilen Körper voran

Die fü r eine d e ra rtig e  W endung  benö tig te  Zeit schw ank te  zw ischen 1 
M inu te  und  k n ap p  4 S ekunden . V or dem  B eginn e iner e rneu ten  W endung 
w urde  häufig  eine d eu tlich e  R uhepause  eingelegt. N u r ganz selten , m eist am 
stu m p fe ren  S p o rozystenpo l, w urde eine zw eite W en d u n g  ohne U n te rb rech u n g  
an geschlossen. Die h ö ch ste  Z ahl solcher W endungen , die bei einem  Sporozoiten  
b e o b a c h te t w erden k o n n te n  und  die von n u r kaum  w ahrn eh m b aren  P ausen  
v o n  1 — 2 Sekunden  D a u e r u n te rb ro ch en  w aren, b e tru g  15 h in te re inander.

Die B ew egungen erfo lg ten  überw iegend  in R ic h tu n g  der Längsachse 
d e r S porozyste, se lten e r m ehr oder w eniger schräg d azu  in  deren M itte . Sie 
w u rd en  von einem  o d er beiden  Sporozoiten , abw echselnd  oder gleichzeitig ,
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gegenläufig  oder h in te re in an d e r herg le itend , d u rch g efü h rt. Die an fäng liche 
L agebeziehung  der Sporozoiten  zue inander w urde n ich t m ehr e in g eh a lten , 
so n d ern  ergab sich aus den v o llfü h rte n  W endungen . D er als k o m p ak te s  Ge
b ilde  v o rh an d en e  oder in einzelne G ranu la  zerfallene S p o ro zy sten res tk ö rp e r 
g erie t fa s t s te ts  in  B ew egung, v e re in ze lt begann  sich die ganze S porozyste  zu 
d rehen . E ine D eform ierung  d e r S porozystenw and  erfo lg te n ich t.

Abb. 3. W endung eines Sporozoiten in  der Sporozyste; Angabe der fortlaufenden Zeit in
Sekunden

Ab u n d  zu leg ten  die S porozo iten  längere R u h ep au sen  ein, in denen  e iner 
oder auch  beide zusam m en sich m it ih rem  Y orderende dem  M ikropylenver- 
sch luß  an leg ten . M it gelegentlich  le ich t ta s te n d e n  B ew egungen su ch te  das 
sich m anchm al w ieder s ta b a r tig  v e rd ü n n en d e  u n d  1 — 2m al ab g ek n ick te  
Y orderende offensichtlich  n ach  einem  A usgang (A bb. 4, 1 —2). In  einigen 
F ällen  k o n n te  b e o b ach te t w erden , wie einer der Sporozoiten  sein V orderende 
d u rch  die M ikropyle w iederho lt (in einem  Fall in n e rh a lb  von k n ap p  2 M inuten  
n eu n m al) bis zu 2,5 fj, w eit n ach  au ß en  s treck te  u n d  w ieder zurückzog. Es 
k o n n te  dabei n ich t fe s tgeste llt w erd en , ob der die M ikropyle versch ließende 
Teil d e r Sporozystenhü lle  bei d iesem  V organg p e rfo rie rt w urde bzw . w ar oder 
n ic h t. D ie du rchsch n ittlich e  D au e r dieses A usstreckens b e tru g  e tw a 7 S ek u n 
den, als längste  Z eit w urden  15 S ek u n d en , als kü rzeste  4,5 S ekunden  gem es
sen. Im  A nschluß an  derartige  S ch lüpfversuche k am  es n ic h t im m er zu e iner 
E x c y s ta tio n .
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h) E xcysta tion

A us dem  V erh a lten  d e r Sporozoiten  k o n n te n  keine R ückschlüsse au f 
den B eg inn  der E x c y s ta tio n  gezogen w erden . V on den beiden  sich in  den Sporo- 
zysten  bew egenden S porozo iten  verw eilte e in er e rn eu t e tw as länger am  M ikro- 
py lenpo l. Sein V orderende, dessen V erh a lten  b e re its  oben beschrieben  w urde, 
schien  d iesm al in ten siv e r gegen den V ersch luß  der M ikropyle zu d rücken . Ganz 
v e re in ze lt w ar auch zu b em erk en , wie d ieser le ich t nach  außen  (konvex) aus
g eb eu lt w urde. P lö tz lich , ohne daß  irgen d e in  Ü bergang  zu sehen gewesen 
w äre, ersch ien  au ß erh a lb  d e r  M ikropyle ein d o rn äh n lich e r, ca. 0,7 — 1,2 /.i b re ite r 
F o r ts a tz , der sich lan g sam  stab äh n lich  v e rlän g e rte  (A bb. 2, 4 u n d  A bb. 4, 3). 
Bei den  zuerst sch lü p fen d en  Sporozoiten k o n n te  seine Länge sch ließ lich  bis 
zu einem  V iertel der n o rm a le n  S porozoiten länge von 1 6 ,6 ^ 1 ,5 ,«  (n =  11) 
erre ich en . G leichzeitig w u rd e  gelegentlich b e o b a c h te t, wie sich der in der 
S porozyste  verbliebene T eil des Sporozoiten  v erd ick te  und  gegen die M ikropyle 
d rü c k te  (A bb. 4, 4).

Abb. 4. Einzelphasen des E xcystationsbeginns erster Sporozoiten. 1 — 2, Abknicken in der 
Sporozyste; 3, H erausstrecken der stabartig verdünnten Apikalregion; 4, Pressen des noch in 
der Sporozyste befindlichen Sporozoitenkörpers gegen die Mikropyle und dadxirch Eindellung 

der Kernregion; 5— 6, B lattartige Verbreiterung der herausgestreckten Apikalregion
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In  d e r Regel zeig te der a u ß e rh a lb  der M ikropyle befind liche v o rd e rs te  
Teil des S porozoiten  keine B ew egungen, n u r  vere in ze lt k o n n te  ein passives 
oder a k tiv e s  A bbeugen  b e o b ach te t w erden  (A bb. 2, 6). In  einigen F ä llen  v e r
b re ite r te  sich  dieser s ta b a r tig e  F o rtsa tz  e tw as u n d  zeigte in  In te rfe re n z k o n 
tra s tb e le u c h tu n g  das B ild  eines m an ch m al von  1 oder 2 R ippen  du rchzogenen  
lan ze ttfö rm ig en , le ic h t gew ölbten  B la tte s  (A bb. 4, 5 —6).

Abb. 5. E xcystationsversuche des ersten Sporozoiten durch wiederholtes Vorstrecken und  
Zurückziehen seines Vorderendes durch die M ikropyle der Sporozyste; Angabe der fortlaufen

den Zeit in Sekunden

N ach  ein iger Z eit begann  der n a c h  au ß en  ragende  S tab  d u rch  n a c h s trö 
m endes Z ellp lasm a d icker zu w erden. E rs t  g estie lt sch lank  lan ze ttfö rm ig  n ah m  
er an  D icke langsam  w eite r zu, gew ann läng lich  tropfenförm ige  G es ta lt u n d  
a llm äh lich  w ar zu b em erk en , daß  die Z y to p lasm am asse  des S porozoiten  in n e r
halb  der S porozyste  a b n ah m . W ie d u rc h  eine san d u h ra rtig e  E in sch n ü ru n g  
floß  das Z y to p lasm a  des Sporozoiten  k o n tinu ie rlich  du rch  den engen R ing 
der M ikropy le , dessen D urchm esser von  ca. 1,2 /.i e tw a 1/4 bis 1/3 d er n o rm alen  
S porozo itend icke  ( 4 ,5 ^ 0 ,?  /л; n =  11) b e tru g . Selbst beim  H in d u rch g le iten  
des re fra k tile n  K örpers w ar keinerle i V erän d eru n g  der W eite zu  sehen.

D er in  der S porozystenhü lle  verb liebene Teil des S porozoiten  n ah m  
von e iner längsova len  F o rm  ü b e r die e iner K ugel bis zu der eines w inzigen 
T ropfens alle U bergangsfo rm en  an , b is er schließlich  ganz verschw and . D er 
nun  a u ß en  liegende, kom m afö rm ig  gebogene Sporozoit verw eilte  n och  u n te r 
schiedlich  lange d irek t v o r  der M ikropy lenöffnung , bis er sich sch ließ lich  m it 
einer m e is t ku rzen , k a u m  w ah rn eh m b aren  B ew egung von der Sporozyste  
en tfe rn te .

D ie k ü rzeste  e rm itte lte , fü r einen d e ra rtig en  S ch lüpfvorgang  des ers ten  
Sporozo iten  ben ö tig te  Z eit b e tru g  4 S ekunden , die längste  13 M inuten
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Abb. 6. Reversible E indellung der Sporozystenhülle im  Verlauf der E xcystation  des ersten
und zweiten Sporozoiten

(s. au ch  T ab . I). D ie zum  D u rc h tr it t  des V orderendes benö tig te  Z eit w ar fa s t  
s te ts  länger als die fü r  die h in te re  H ä lfte  b e n ö tig te .

D er zw eite S p orozo it än d erte  sein V e rh a lten  w äh ren d  des Sch lüpfvorgan- 
ges u n d  nach  d er E x c y s ta tio n  des e rs ten  k au m . S eltener so fo rt, m eist n ach  
k u rz e r  Zeit u n d  ein  oder zwei W endungen  fo lg te  er dem  e rs ten  S porozoiten  
u n d  g litt au f die b e re its  beschriebene W eise aus der Sporozyste h inaus. In  
e in igen  F ällen  b ew eg te  er sich jed o ch  noch  m eh r als 30 M inu ten  lang (E nde 
d e r B eo b ach tu n g sze it)  leb h aft in der Sporozyste  u m h er, ohne A nzeichen einer 
beg innenden  E x c y s ta tio n  zu zeigen.

Die zum  S ch lüp fen  ben ö tig te  Z eit w ar m e is t geringer als die des ers ten  
Sporozoiten . Sie v a r iie r te  in den b e o b ach te ten  F ällen  zw ischen 4 S ekunden  
u n d  11 M inuten (T ab . I). In  der R egel w urde auch  der fü r den ersten  Sporo
zo iten  nahezu  ty p isc h e  s tab a rtig e  F o r ts a tz  n ic h t so deu tlich  ausgeb ildet, 
sondern  der au ß e rh a lb  der M ikropyle befind liche Teil nah m  eher tro p fe n 
förm ige G esta lt an .

Von dem  die M ikropyle versch ließenden  T eil der Sporozystenhü lle  w ar 
m e ist bereits n a c h  d er E x cy sta tio n  des ersten  Sporozoiten  k au m  noch etw as
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Tabelle I

E xcystationsdauer einzelner Sporozoiten nach Zusa'z von Trypsin  
und Galle zu einer Sporozystensuspension

Kleinste meß
bare Zeiteinheit 

in Sekunden

Excystationsdauer für den 
1. 2. 

Sporozoiten 
in Sekunden

Zwischenzeit von 
der Beendigung 

der Excystation des
1. bis zum Beginn 

der Excystation des
2. Sporozoiten in

Sekunden

0,25 9,5 7 5
0,5 11 10 5

0,5 20 7,5 0
0,5 14 8,5 0

0,5 15 (rückwärts) — -

0,25 4 4 0
0,25 8 9 4

0,25 19,25 16,25 5

0,25 20 — > 1 5
0,25 16 16,75 3,75

zu sehen; in zwei F ä llen  w ar die S chich t e rh a lte n  und  wies an einer Seite 
ein L och a u f  (A bb. 1, 5). N ach  der E x c y s ta tio n  des zw eiten  Sporozoiten  w ar 
sie in  ke inem  F a ll m eh r nachw eisbar. E ine  Ö ffnung  d er leeren Sporozysten- 
hülle an  der Stelle d er M ikropyle w ar deu tlich  n u r  m it P h a se n k o n tra s tb e 
leu ch tu n g , bei In te rfe ren z k o n tra s tb e le u c h tu n g  n u r  schw ach sowie im  H ell
feld k au m  zu  sehen.

c)  Experim entelle V aria tionen  und von der Regel abweichendes Verhalten der 
Sporozoiten

Bei einer In k u b a tio n  der Sporozysten  in re in e r T rypsin lösung  w aren  die 
Bew egungen der S porozo iten  in ihnen  in der R egel lan g sam er u n d  es w urden  
w eniger häu fig  W en d u n g en  d u rch g efü h rt als in  re in e r Galle oder in einer 
T rypsin-G alle-L ösung. D ie E x c y s ta tio n  begann  s p ä te r  (s. T ab . I I )  u n d  der 
E x cy sta tio n sv o rg an g  d a u e rte  im  allgem einen län g er (kürzeste  E x cy sta tio n s- 
zeit fü r  den ersten  S porozo iten  49 S ekunden , fü r  den  zw eiten Sporozoiten  11 
Sekunden). A uffällig  w ar, d aß  Sporozoiten , die in  T rypsin lösung  d u rch  beson
ders leb h a fte  u n d  schnelle B ew egungen in den S porozysten  auffielen, o ft sehr 
lange, zw eitw eise ü b e r 1 S tu n d e  lang , b e o b a c h te t w erden  k o n n ten , ohne daß  
der Schlüpfvorgang  b eg an n , w äh ren d  andererse its  v iele Sporozoiten  excystier- 
ten , ohne d aß  irgendeine vorangegangene B ew egung zu  b eo b ach ten  gewesen 
wäre.
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In  re iner Galle beg an n en  die S porozoiten  dagegen sehr rasch  m it ih ren  
B ew egungen , jed o ch  blieb  die E x c y s ta tio n s ra te  m in im al (T ab . I I ) .  E rs t 
n a c h  T ry p sin zu sa tz  w a r es ihnen  m öglich, die S porozysten  zu verlassen .

E rfo lg ten  die E x cy sta tio n sv e rsu c lie  a u f  dem  H eiztisch  in h y p e rto n isch e r 
K ochsalz lö sung  oder n a c h  län g erer E in w irk u n g sze it der T rypsin -G alle-L ösung  
a u f  die Sporozysten  bei Z im m ertem p era tu r , so w urde die zu e rs t n ach  außen  
g e s tre c k te  v e rd ü n n te  A pikalreg ion  sow ohl bei dem  e rs ten  als au ch  bei dem  
zw eiten  Sporozoiten  w esen tlich  d eu tlich e r ausgeb ildet.

I n  versch iedenen  F ä llen  w ar im  V erlaufe der E x c y s ta tio n  sow ohl des e r
s te n  als auch des zw eiten  S porozoiten  eine fo rtsch re iten d e  E in d e llu n g  der Spo- 
ro zy sten h ü lle  zu b em erk en , die in  dem  M om ent, in  dem  die E x c y s ta tio n  be
e n d e t  w ar, in die u rsp rü n g lich e  F o rm  zu rückschne llte  (A bb. 6).

Die Sporozoiten  cx cy stie rten  in d er Regel m it dem  V orderende v o ran  und  
o hne  m erk b are  E igenbew egungen . Jed o ch  fielen bei den U n te rsu ch u n g en  im 
h än g en d en  T ropfen  se lten , im  D e c k g la sp räp ara t h äu figer S porozysten  auf, 
bei den en  ein m ehr o d e r w eniger g roßer Teil des H in te ren d es des e rs ten  Sporo
zo iten  außerhalb  der M ikropyle, sein V orderende dagegen in n e rh a lb  derselben 
zu  sehen  w ar (A bb. 2, 7). Dies w ar insbesondere d an n  der F all, w enn das D eck
g las e rs t au fgesetz t w u rd e , n ach d em  die T rypsin lö su n g  einige Z eit a u f  die 
S poro zy sten  e ingew irk t h a tte  oder w enn ein geringer D ruck  a u f  das D eckglas 
a u sg e ü b t w urde. In  v ie len  d ieser F älle  g litt  der Sporozoit d an n  m it dem  H in 
te re n d e  voran  k o n tin u ie rlich  aus der Sporozyste  h e rau s, wobei im m er w ieder 
d e r »M ikropylenring« ü b e r seinen K ö rp e r h in w egg litt. Bei län g erer B eo b ach tu n g  
k o n n te  m an jed o ch  au ch  v ere inzelt bem erken , wie der im  F re ien  befindliche 
T eil des Sporozoiten , in  einem  F a ll nah ezu  2/3 seines K örpers, ganz allm äh lich  
k le in e r  w urde u n d  d er Sporozoit sich in die S porozyste  zu rückzog . H ier 
v o llfü h rte  er eine oder m ehrere  W endungen  in d er bere its  besch riebenen  W eise 
u n d  verließ  d a ra u f  en tw ed er so fo rt oder im  A nsch luß  an  den an d eren  Sporo
zo iten  die S porozyste.

N u r vere in ze lt w ar bei den  ex cy stie ren d en  Sporozoiten  eine E igenbew e
g u n g  zu sehen, die se lten  aus A bbeugen , h äu fig er aus G leitbew egungen  b e 
s ta n d ,  wobei im le tz te re n  F alle  s te ts  die gesam te S porozyste  m itgezogen  w urde.

d )  Einzelbefunde

Im  folgenden seien noch  einige seltenere  oder E in ze lb eo b ach tu n g en  m it
g e te ilt:

G elegentlich ersch ien  p lö tz lich  neben dem  au ß erh a lb  d er M ikropyle b e 
fin d lich en  s ta b a r tig e n  F o rtsa tz  des ers ten  S porozoiten  das V orderende des 
zw eiten  (Abb. 2, 4 —5). Im  allgem einen zog sich d ieser zw ar w ieder zu rück , 
v e re in ze lt ex cy stie rte  jed o ch  auch  d er zw eite S porozoit vor dem  e rs ten , wobei 
d ieser seine Spitze en tw ed er zu rückzog  oder in  der bere its  e ingenom m enen
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Tabelle II

Reaktion der Sporozoiten in den Sporozysten auf unterschiedliche Medien bei Verwendung einer gereinigten Sporozystensuspension im
Deckglaspräparat

auf dem Wärmetisch bei ca. 39 °C bei Zimmertemperatur (ca. 25 °C)

Mediun NaCl
physiol. Galle Trypsin Trypsin u. Galle Galle Trypsin Trypsin u. Galle

erste Bewegungen in den 
Sporozysten nach Min.

nach 30 
keine

1,25 4,5 l 3 nach 5 keine nach 5 Min. 
bei einem  
2. Sporozoiten

erste freie Sporozoiten 
nach Min.

nach 30 
keine

9 4 ca. 1,5 je nach 
Anwärmge
schwindigkeit

nach 15 keine 10 5

Bewegungsintensität in 
den Sporozysten nach 
10 Min.

keine sehr lebhaft in 
<  30% der 
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L age verb lieb . E in m al (bei m ehreren  h u n d e r t  b eo b ach te ten  E x cy sta tio n en ) 
fiel ein  bere its  zu r H ä lf te  ex cy stie rte r, sch e in b ar »steckcngebliebener« Sporo" 
zo it auf. N ach  einiger Z e it ersch ien  neben  ihm  der s ta b a r tig e  F o rtsa tz  des zw ei
te n , sich in der S porozyste  bew egenden S porozoiten , d ieser q u e tsch te  sich heraus 
u n d  im  A nschluß d a ra n  b een d e te  auch  d er e rste  S porozo it seinen D u rc h tr it t .

In  einem  F a ll e n ts a n d  der E in d ru ck , als ob die V ersch lußsch ich t der 
M ikropyle du rch  einen  sich  heftig  bew egenden S porozo iten  an den ih r gegen
überliegenden  Pol v e rsch o b en  w orden  sei. E ine  g enauere  A nalyse der E inzel
b ild e r des Film es erg ab  jed o ch , daß  an  d ieser S telle , o ffensich tlich  als M iß
b ild u n g , von A nfang  an  eine stied ak ö rp eräh n lich e  V erd ickung  v o rh an d en  
gew esen w ar. D u rch  die T ry p sin e in w irk u n g  w ar diese M asse ebenfalls gelöst 
w orden  u n d  es blieb eine d ü n n e , sich k o n k av  in  die S porozyste  h ineinw ölbende 
S ch ich t zu rück , die zufälligerw eise e rs t in  dem  M om ent deu tlich  in  E rsch e i
nu n g  t r a t ,  in dem  die e igen tliche V ersch lußsch ich t d u rch  die Sporozoitenbe- 
w egungen so nach  au ß e n  g ed rü ck t w orden  w ar, d aß  sie n ic h t m ehr e rk en n b a r 
w ar (A bb. 2).

V ereinzelt w urde  b e o b a c h te t, wie ein e x c y s tie rte r  Sporozoit einen aus 
d er M ikropyle h e rau sk o m m en d en  (Schleim -?) F ad en  h in te r  sich herzog, der 
sich einm al regelrech t s tra ff te . P lö tzlich  k o n tra h ie r te  sich d ann  dieser F aden , 
zog den daran  h än g en d en  Sporozoiten ein kurzes S tü ck  zu rück , riß  von ihm 
ab u n d  sch n u rrte  a u f  e tw a  ein D ritte l seiner m a x im a l e rre ich ten  L änge 
zusam m en. D er zw eite  Sporozoit ex cy stie rte  im A nschluß d a ran , ohne daß  
sich an  diesem  fa d e n a rtig en  Gebilde e tw as v e rä n d e rte . E in  anderes M al w ar 
bei einem  zw eiten S porozo iten  ein ähn licher, von dem  R estk ö rp e r ausgehender 
S tran g  zu sehen, d er d en  v o r der M ikropyle liegenden  Sporozoiten an  einer 
fre ien  G leitbew egung h in d e rte  bzw. ih n  n ach  jed em  V ersuch  dazu w ieder zu 
rückzog , bis er n ach  e tw a  4 M inuten  ab riß  u n d  der Sporozoit au f diese W eise 
frei w urde.

Diskussion

T ro tz  aller b ish e r d u rch g efü h rten  U n te rsu ch u n g en  is t das P hänom en  
der E x cy sta tio n  von  S porozoiten  aus Sporozysten  u n d  aus O ocysten noch 
n ich t grundlegend  g e k lä r t. Alle vorliegenden  A ngaben  basieren  au f em p iri
schen  S tudien  u n d  erfassen  in der R egel n u r  T eilgebiete.

M e t z n e r  (1903) gelang  bere its  die E x c y s ta tio n  aus u n ze rs tö rten  E . 
stieda i-O ocysten d u rc h  In k u b a tio n  in D a rm sa ft von  H u n d en  oder K a n in 
chen. Seine E rgebn isse  w aren  in der folgenden Zeit n ic h t im m er rep ro d u z ie r
b a r  u n d  heu te  is t b e k a n n t, daß  zur E x c y s ta tio n  aus O ocysten  eine spezielle 
V orbehand lung  derselben  (»conditioning« [ L o t z e  u n d  L e e k , 1968]) no tw endig  
is t , die b isher n ic h t e in d eu tig  gek lärte  V erän d eru n g en  der O ocystenhülle und  
-m ikropyle auslöst. Als schnellere u n d  e legan tere  M ethode zur G ew innung
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von Sporozoiten  w ird  z .Z t. jed o ch  die E x c y s ta tio n  aus S porozysten  b e v o r
zug t, die du rch  m echanische Z erstö ru n g  der O ocysten  (Z erm örsern  eines m ög
lichst tro ck en  ab zen trifu g ie rten  O ocystensed im ents [ K r i e g , 1971]) u n d  a n 
sch ließendes F iltr ie ren  sowie A b zen trifug ieren  der Suspension le ich t angere i
c h e rt w erden kö n n en . D u rch  Z usa tz  von Galle u n d  T ry p sin  bei gleichzeitiger 
E rw ärm u n g  sch lüpfen  in n erh a lb  k u rze r Z eit nah ezu  alle Sporozoiten , die dazu  
in  der Lage sind. R o s e  (1959) u n d  D ü r r  (1970/71) ex cy stie rten  ohne G alle
zu sa tz , le tz te re r  m it w echselndem  E rfo lg , bis K r i e g  (1971) fe s ts te llte , daß  
T ryp sin  ohne Galle n u r  solange w irksam  is t, wie die Sporozystensuspension  
n icht zu sehr v e rd ü n n t w ird. E r  sch ließ t daraus a u f b isher u n b ek an n te  ex cy 
sta tio n  sw irksam e S u b stan zen  in den  O ocysten  oder an  den O ocystenhü llen , 
was in  gew isser Ü b ere in stim m u n g  m it der A nnahm e von  J a c k s o n  (1962) 
ü b er die A k tiv ie ru n g  eines E nzy m sy stem s im O o cy sten in h a lt von E . arloingi 
d u rch  einen im  P an sen  befind lichen  F a k to r  s teh en  w ürde. E in  Z usatz  von 
Galle zu der T ry p sin lö su n g  besch leun ig t und  v e rb esse rt sowohl das E x cy s ta -  
tionsergebn is als au ch  die B ew egung der Sporozoiten  in  den S porozysten  e r
heblich  (T ab . 2; R o b e r t s  und  M itarb ., 1970h; K r i e g , 1971). A uch in re iner 
Galle f in d e t u n te r  gew issen V orausse tzungen  eine E x c y s ta tio n  s ta t t ,  n u r  is t 
sie e rheb lich  lan g sam er (Tab. 2; H i b b e r t  und M ita rb ., 1969; K r i e g , 1971), 
w äh ren d  G allensalze a u f  die S porozoiten  n u r  bew egungsstim ulierend  w irken  
( R o b e r t s  und  M ita rb ., 1970r).

Die von einigen A utoren  b e rich te te  A k tiv ie ru n g  der Sporozoiten  in in 
d iffe ren ten  M edien bei Z im m ertem p era tu r  allein d u rch  die E in w irkung  von  
L ich t hzw . du rch  eine Z erstö ru n g  d er O ocysten ( M e t z n e r , 1903; v. W a s i e l e w - 

s k i , 1904; M a r q u a r d t , 1963; R o b e r t s  u n d  M ita rb ., 1970h) w urde hei E . 
stiedai b isher n ich t b e o b a c h te t. H i b b e r t  u n d  H a m m o n d  (1966, 1968) s te llten  
bei versch iedenen  E im ena-S pez ies ein T em p era tu ro p tim u m  zw ischen 39 
u n d  41 °C fü r  den E x c y s ta tio n sv o rg a n g  fest.

A ußer von  M e t z n e r  (1903), d er eine ruckw eise E x c y s ta tio n  sch ildert, 
w ird  von  keinem  d er A u to ren  a u f eine in d ieser A rt s ich tb a re  B eteiligung  der 
Sporozoiten  h ingew iesen. S m e t a n a  (1933) b e to n t a llerd ings noch  einm al, d aß  
die E x c y s ta tio n  n ach  d er passiven  Z erstö rung  der M ik ropy lensubstanz  a k tiv  
von den  S porozoiten  se lb s t vo llen d e t w erde. E ine von  D o r a n  (1966) zu n äch st 
angenom m ene, ex cy sta tio n sfö rd e rn d e  en zym atisch  w irksam e S ekretion  der 
Sporozoiten  w ird  in  e iner sp ä te ren  P u b lik a tio n  ( D o r a n  u n d  V e t t e r l i n g ,

1969) jed o ch  ab g e lehn t.
D er E x c y s ta tio n  vo rau s ging in  jedem  Falle , in  dem  d a ra u f  g each te t 

w urde, eine A uflösung  des S tied ak ö rp ers , u .U . n ach  einem  A nschw ellen des
selben ( D o r a n  u n d  F a r r , 1962; F a r r  u n d  D o r a n , 1962; N y b e r g  u n d  H a m 

m o n d , 1964; H a m m o n d  und  M ita rb . 1970; R o b e r t s  u n d  M itarb ., 1970a; 
R o b e r t s  u n d  M ita rb ., 1970b). Die Sporozoiten  beg an n en  m it ih ren  B ew egungen 
in den Sporozysten  b e re its  vor oder auch  e rs t n ach  dem  V erschw inden des
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S tied ak ö rp ers  ( D o r a n  u n d  F a r r , 1962; F a r r  und  D o r a n , 1962; N y b e r g  

u n d  F Ia m m o n d , 1964; R o b e r t s  u n d  M ita rb ., 1970b). H a m m o n d  u n d  M itarb .,
(1970) sowie R o b e r t s  u n d  M itarb . (1970b) b erich ten  ü b er einen  zusätzlich  
v o rh a n d e n e n  S u b stied ak ö rp er bei E . callosperm ophili, E . larim erensis  und  E. 
u tahensis , der nach  dem  V erschw inden des S tiedakörpers u n d  v o r der E xcy- 
s ta tio n  d er Sporozoiten  aus der M ikropyle h erau sq u illt. Bei E . sliedai konn te  
k eine  eindeutige B eziehung  zw ischen dem  B ew egungsbeginn der Sporozoiten 
in  d en  Sporozysten  u n d  dem  V erschw inden  des S tiedakörpers gefunden  w er
den . A n Stelle des S u b stied ak ö rp ers  w ar eine gelegentlich le ich t verd ick te  
S ch ich t zu sehen, die von  den S porozo iten  offensichtlich  p e rfo rie rt w erden 
m u ß te . Ih r  genauerer A ufbau  w äre d u rch  elek tronenm ik roskop ische  U n te r
su ch u n g en  zu k lären .

M e t z n e r  (1903) sp ric h t bei E . stiedai als E inziger von  einem  »pfriem en- 
a rtig e n  F o rtsa tz«  bzw . einem  »äußerst zu g esp itz ten  V orderteil«  der Sporozoi
te n  bei den B ew egungen in  der S porozyste  u n d  bei der E x c y s ta tio n . Dieses 
G ebilde en tsp rich t v e rm u tlic h  dem  bei den eigenen U n tersu ch u n g en  gefundenen , 
als s ta b a r tig e r  F o r ts a tz  bezeichncten  G ebilde der A pikalreg ion , das auch bei 
a n d e ren  E im eria-A rten  b isher n ich t beschrieben  w urde.

In  zum indest te ilw eiser Ü bere in stim m u n g  m it den obigen A ngaben ließe 
sich  fü r  das E x cy sta tio n sg esch eh en  von  E . stiedai-S porozoiten  aus freien 
S poro zy sten  bei in v itro -V ersuchen  d ie  nachfolgende H y p o th ese  aufstellen , 
die d u rc h  die b isher m itg e te ilten  B efunde e rh ä r te t  w erden k an n . Es m uß 
je d o c h  b each te t w erden , daß  Schlußfo lgerungen  und  V ergleiche aus den e in 
ze lnen  L ite ra tu ra n g ab e n  au fg rund  der fa s t  bei jed e r A rbeit an d eren  M ethodik  
(E x c y s ta tio n  aus fre ien  S porozysten  oder aus u n te rsch ied lich  v o rb eh an d e lten  
O o cy sten  in den v e rsch iedensten  M edien u n d  bei un tersch ied lichen  T e m p e ra tu 
ren ) n u r  m it äu ß e rs te r V orsich t gezogen w erden können.

D as E xcysta tionsgeschehen  ist ein  kom plexer V organg, der in der Reged 
d u rc h  das gem einsam e E inw irken  m ehrere r, v e rsch ied en artig e r F ak to ren  
au sg e lö st w ird, jed o ch  schon du rch  ein oder zwei F a k to re n  ausgelöst w erden 
k a n n . E s kom m en in F rag e : Die A nw esenheit von T rypsin  u n d  Galle, eine 
gew isse M in d esttem p era tu r, eine b isher n ich t defin ierte  chem ische S ubstanz  
im  O ocysten in h a lt, eine ak tiv e  m echan ische u n d  even tuell auch  en zy m atisch 
sek re to rische  B ete iligung  der S porozoiten  sowie in  E inzelfällen  ein von  außen  
a u f  die Sporozoiten e inw irkender D ruck .

T ry p sin  löst im  w esentlichen  den  S tied ak ö rp er a u f  u n d  a k tiv ie r t  zu sam 
m en  m it der Galle u n d  dem  u n b ek a n n te n  System  im  O o cy sten in h a lt die S poro
zo iten  zu  E igenbew egungen. Inw iew eit der Galle oder einzelnen G allensalzen 
a u ß e r  ih rer bew egungsstim ulierenden  W irk sam k eit eine B eein flussung  des 
S tied ak ö rp ers  zuzusch re iben  ist, m u ß  vo rläu fig  offenbleiben. U n g ek lä rt 
b le ib t b isher auch, w aru m  bei V erw endung  einer reinen  T ry p sin lö su n g  viele 
S porozo iten  tro tz  ih re r  m anchm al leb h aften  B ew egungen n ich t ex cystie ren .
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Als H a u p tfu n k tio n  der W ärm e w äre eine A b k ü rzu n g  sowie ev en tu e ll 
e rs t eine E rm ög lichung  d er s ta ttf in d e n d e n  en zym atischen  R eak tio n sab läu fe  
anzusehen .

E inen  H inw eis a u f  eine ak tiv e  m echanische B ete iligung  der S porozoiten  
bei der E x c y s ta tio n  geben neben  d er deu tlichen  A u sb ild u n g  der s ta b a r tig  
v e rd ü n n te n  A pikalreg ion  des e rs ten  Sporozoiten  die F ä lle , in denen V or- 
u n d  R ü ck w ärtsbew egungen  der Sporozo itcnsp itze  in d er M ikropy lenöffnung , 
Suchbew egungen  v o r B eginn  der E x c y s ta tio n  in der S p o ro zy ste  sowie das 
W iederh ine ing leiten  von  S porozoiten  in  die Sporozyste n a c h  einer zufälligen  
u n v o lls tän d ig en  R ü c k w ärtsex cy s ta tio n  b eo b ach te t w urden .

Die A n n ah m e einer en zy m atisch en  Sekre tion  der S porozo iten  m uß b is zu 
e iner w eite ren  elek tronenm ik roskop isch -h istochem ischen  U n te rsu ch u n g  vo r, 
w äh ren d  u n d  n ach  der E x c y s ta tio n  eine H ypothese  b le iben .

E in  von  außen  a u f die Sporozyste  au sgeüb te r D ru ck  (bei in v itro -V er- 
suchen  d u rch  das D eckglas, in  vivo d u rch  die D arm bew egungen  u n d  den D a rm 
in h a lt)  k a n n  zu einer p assiven  E x c y s ta tio n  führen , die in  au ffä llig ster W eise 
rü ck w ärts  erfo lg t. E in ze lb eo b ach tu n g en  ( D ü r r , 1970/71), die sogar au f einen  
in der S porozyste  herrsch en d en  Ü b e rd ru ck  schließen la ssen , bedürfen  e rs t 
w eiterer U n te rsu ch u n g en .

E in  von I keda (1960) bei E . tenella  zeichnerisch da rg este llte s  A usbeulen  
d er S porozystenhü lle  d u rch  die sich bew egenden  S porozo iten  w urde bei E . 
stiedai n ic h t b eo b ach te t. D agegen k am  es im  V erlauf der E x c y s ta tio n  ge legen t
lich  zu reversib len  E inde llungen  der offensichtlich  e lastisch en  Sporozysten- 
w and , die sich  du rch  ein zu  schnelles H inausg le iten  der Sporozo iten  u n d  d a 
d u rch  g leichzeitigen  herm etisch en  A bsch luß  der M ikropyle erk lä ren  ließen , 
w as zu einem  U n te rd rü c k  in  der S porozyste  führen  w ürde.

Die in  d er L ite ra tu r  fü r  die E x c y s ta tio n  der S porozo iten  versch iedener 
E im eria -A rten  ( M e t z n e r , 1903; S m e t a n a , 1933; N y b e r g  u n d  H a m m o n d , 

1964; N y b e r g  u n d  M itarb ., 1968; R o b e r t s  u n d  M itarb ., 1970b) angegebenen, 
v o n  2 bis 70 S ekunden  schw ankenden  Z e itspannen  s tim m en  u n te r  B e rü ck 
sich tigung  d e r sow ohl m ethod isch  b ed in g ten  als auch ind iv iduellen  S tre u 
b re iten  m it d er M ehrzahl der fü r E . stiedai gefundenen ü b ere in .

Im  G egensatz  zu R o b e r t s  u n d  M ita rb . (1970b), die ü b e r  eine langsam ere 
E x c y s ta tio n  des zw eiten  S porozoiten  im  V ergleich zu dem  e rs te n  bei E . callo- 
sperm ophili u n d  E . larim erensis b e ric h te te n , excystierte  be i E . stiedai der 
zw eite Sporozoit bis a u f  wenige A usnahm en  s te ts  w esentlich  schneller als der 
e rs te . W elche F a k to re n  fü r diesen un tersch ied lichen  B efu n d  v e ran tw o rtlich  
sind , k an n  n ic h t gesag t w erden . Ob die von  R o b e r t s  u n d  M itarb . (1970b) 
gefundenen  R e la tio n en  zw ischen d er re la tiv en  Größe des S ubstied ak ö rp ers  
u n d  der E x cy sta tio n sg esch w in d ig k e it fü r  andere  A rten  ohne S u b stied ak ö rp er 
m odifiz iert w erden  können  (z.B . bezogen au f die W eite d e r M ikropyle (?)), 
m ü ß te  in w eiteren  U n te rsu ch u n g en  g ep rü ft w erden.
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A ußerdem  w äre zu  üb erp rü fen , ob die fü r versch iedene  E im eria -A rten  
b e ric h te te n  u n te rsch ied lich en  E x c y s ta tio n s ra te n  bei in  v ivo- ( F a h r  u n d  
D o r a n , 1962) u n d  in  v itro -  ( R o b e r t s  u n d  M itarb ., 1970b) V ersuchen w irk lich  
a rtspezifische  E ig e n sc h a fte n  un d , wie von  F a r r  und  D o r a n  (1962) angenom 
m en , vom  A n sied lu n g so rt im D arm  ab h än g ig  sind. D ie E rgebnisse  von R o 

b e r t s  u n d  M itarb . (1970b) bei den be iden , sich e tw a an  d e r gleichen S telle  
en tw icke lnden  A rten  E . callosperm ophili u n d  E. larim erensis  ( T o d d  u n d  
H a m m o n d , 1968a, b) w ü rd en  eher gegen diese These v o n  F a r r  und D o r a n  

(1962) sprechen.
Die gleichzeitige E x c y s ta tio n  zw eier Sporozoiten , w ie sie bere its von  

N y b e r g  u n d  H a m m o n d  (1964) bei E . b o v i s  sowie D o r a n  u n d  F a r r  (1962) 
bei E . a c e r v u l i n a  b e sc h r iib e n  w urde, sch e in t tro tz  der v o n  le tz teren  A u to ren  
festg este llten  re la tiv en  H äu fig k e it eine A usnahm e zu sein. D ie von R o b e r t s  

u n d  M itarb . (1970b) b e ric h te te  E x c y s ta tio n  einiger E . l a r i m e r e n s i s - S p o T O -  

zo iten  in  U -F orm  m it d er konvexen  Seite  vo ran  d ü rf te  eine b isher n ic h t 
festgeste llte  A b n o rm itä t sein, die u .U . d u rch  die bei d ieser A rt re la tiv  w eite 
M ikropyle erm öglich t w ird .

E lek tro n en m ik ro sk o p isch e  U n te rsu ch u n g en  an  E . stiedai-S p o ro zo iten  
liegen b isher n ich t v o r. E in e  fund ie rte  K o rre la tio n  zw ischen den b eo b a c h te ten  
R cw egungs- und  E x cy sta tio n sm ech an ism en  und  der F e in s tru k tu r  der S poro 
zo iten  soll daher e rs t erfolgen, w enn die en tsp rech en d en , derzeit in G ang  
befind lichen  A rbeiten  ( D ü r r  und  S c h o l t y s e c k , in V orbere itung ) abgeschlossen 
sind .

ZUSAM M ENFASSUNG

An Hand von Lebendbeobachtungen und Film aufnahm en wurde die in vitro-E xcystation  
von  E im eria stieda('-Sporozoiten aus Sporozysten untersucht. Bei Inkubation in einem Tryp- 
sin-Galle-Gemisch bewegen sich die Sporozoiten vor dem Beginn der E xcystation  in den Sporo
zysten  in der Regel lebhaft. D ie  E xcystation  wird durch Suchbewegungen des Sporozoitenvor- 
derendes an der Sporozystenm ikropyle eingeleitet. Die auffälligste Erscheinung im Verlauf 
der E xcystation  ist eine stabartig  aus der M ikropyle herausragende Verdünnung der A pikal
region des zuerst excystierenden Sporozoiten, die eine Länge von fa st 4 ц  erreichen kann. D ie  
E xcystation  des ersten Sporozoiten nim m t fast stets mehr Zeit in Anspruch als die des zweiten. 
Vereinzelt wurden Sporozoiten beobachtet, die m it dem H interende voran excystierten oder 
die beide gleichzeitig versuchten , aus der Sporozyste zu schlüpfen.
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C anine v irus h e p a titis  w as f irs t described  as an  in d ep en d en t disease b y  
R u b a r t h  in 1947. S u b seq u en tly , post m ortem  diagnosis of th e  cond ition  
was re p o rte d  from  severa l p a r ts  of th e  w orld an d  deta iled  stud ies w ere carried  
ou t on its  incidence an d  gross an d  m icroscopic lesions.

Several authors have dealt w ith the clinical course of both natural (B is c h o f f , 1952; 
Co f f in  and Ca basso , 1953; S c h u l ze  and H a u k e , 1955) and experim ental canine virus hepa
titis  (G ä r t n e r , 1955; L a r in , Sk u l sk i and Or b e l l , 1958; L in d bla d  and P e r s s o n , 1962); 
Sch eu  (1953) even reported the detection of subclinical cases by serological tests (CF).

Descriptions of the sym ptom s are fairly uniform, but opinions have been divergent 
about whether the fever runs a uniphasic or biphasic course. In com plem entary laboratory  
tests, B isc h o ff  (1952), Co f f in  and Cabasso  (1953) and G ä r tn er  (1955) determ ined the blood  
picture, clotting and bleeding tim es, erythrocyte sedim entation rate as well as serum non
protein nitrogen, blood sugar and serum bilirubin levels, and abnormal urine com ponents. 
H oe (1961) and L in d bla d  and P e r sso n  (1962) measured SGOT, SG PT, alkaline phosphatase  
and the changes of serum protein fractions in different stages of experim ental Rubarth’s 
disease. According to G ä r tn er  (1966) fever, debility, sensitiv ity  of the syphoid region, leuco- 
penia, prolongation of bleeding and clotting tim es and proteinuria are pathognom onic for the  
early phase. Sch ulze  and H a u k e  (1955) recommended liver biopsy as the diagnostic m ethod  
of choice.

Clinical observations and laboratory findings have seldom  been correlated however, 
and inform ation is particularly scanty  about the early diagnosis o f the condition. Opinions 
are also divergent about the effective therapy. Gä r t n e r  (1955) established th at treatm ent 
with specific im m une serum is advantageous in all stages of the disease, but others (K i r k , 
1968; R ö h r e r , 1968) regard its effect doubtful, on the grounds that the virus soon disappears 
from the blood stream  and once it  has becom e established intracellularly, it  is no longer neutral- 
izable by the serum. Ch r ist o p h  (1962) remarked that caution be exercised w ith  serum therapy, 
because large quantities of exogenous protein burden the liver cells and thereby exacerbate  
the disease. Most investigators have proposed a com plex sym ptom atic treatm ent.

As num erous cases of R u b a r th  s disease have  been en co u n te red  recen tly  
in th is  clinic, de ta iled  s tu d ies  w ere carried  ou t to  o b ta in  m ore in fo rm a tio n  on 
its sy m p to m s and th e  d iagnostic  usefulness o f ro u tin e  la b o ra to ry  te s ts .

E xperim ental

T h irty -s ix  clinically  ill dogs served  as sub jec ts . Six of th e  36 dogs were 
yo u n g er th a n  one yea r, tw o o f th em  only  4 m o n ths old. The 14 dogs betw een  
one an d  tw o years old fo rm ed  th e  la rg est g roup ; 10 dogs were th ree  years old,
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six dogs older. D iagnosis w as estab lished  on th e  basis o f b o th  sy m p to m s and  
la b o ra to ry  te s ts . C lin ical exam in a tio n s in c luded , a p a r t  from  te m p e ra tu re  
m easu rem en ts , in sp ec tio n  for m ucosal h aem o rrh ag es , liver en la rg em en t and  
ic te ru s , w hich we re g a rd  as th e  m ain  sy m p to m s. In  a few  cases liver b iopsy  was 
also perfo rm ed , using  th e  Y im -S ilverm ann  needle or M anghin i’s a sp ira tio n  te c h 
n iq u e , b u t  la te r  it  w as o m itte d  owing to  its  o ften  fa ta l  consequences (b lood loss).

L eptosp irosis a n d  toxop lasm osis w ere excluded  b y  serological an d  h is
to log ica l ex am in a tio n s. In  fa ta l cases, gross lesions w ere s tu d ied  an d  n uclear 
inclusions were d e m o n s tra te d  to  reinforce th e  d iagnosis.

D eta iled  la b o ra to ry  exam ina tions could be ca rried  o u t in  19 of th e  36 
cases. Q u a n tita tiv e  b lo o d  cell coun ts, d iffe ren tia l co u n t, c lo ttin g  tim e , serum  
b iliru b in , G PT an d  G O T levels, an d  ab n o rm al u rine  com ponen ts w ere reg u la r
ly  de te rm ined . B lood su g a r level was ad d itio n a lly  m easured  in  nine dogs and  
a lk a lin e  p h o sp h a ta se  a c t iv i ty  in  six.

T he resu lts are ta b u la te d  along w ith  th e  m ain  clinical o b serva tions. The 
sev e rity  of ic te ru s , m ucosa l haem orrhage an d  liv er swelling as well as th e  
am o u n ts  of p ro te in , b iliru b in  and  blood in  th e  u rin e  are g raded  on a scale 
-|------1—I--)-' The d a y  o f illness on w hich  th e  m easu rem en t was m ade is speci
fied  along w ith  th e  d a ta . T he febrile  course w as un iphasic . A t th e  beg inning  of 
o b se rv a tio n , th e  te m p e ra tu re  of six dogs h ad  a lread y  norm alized , w hile th e  
re s t show ed v a rious degrees of te m p e ra tu re  e leva tion . All dogs show ed a sen 
s it iv ity  of th e  x y p h o id  region.

L eukocy te  co u n ts  f lu c tu a te d  betw een  th e  levels ch a rac te ris tic  o f leuko
pen ia  and  leukocy tosis, depend ing  on th e  d u ra tio n  of th e  condition . T he e ry th 
ro cy te  coun t u su a lly  fell. The d ifferen tia l co u n t ind ica ted  a slight n e u tro 
p h ilia . The c lo ttin g  tim e  o f blood sam ples ta k e n  a fte r  th e  3 rd —4 th  d ay  of th e  
disease was pro longed , a n d  SGOT, SG PT , serum  b iliru b in  an d  alkaline p h o sp h a 
ta se  levels rose co n sid e rab ly . All b u t one of th e  n ine dogs whose b lood  glucose 
level w as de te rm in ed  show ed a n o tab le  h y p erg ly caem ia . T he u rine  w as yellow  
coloured  from  th e  h ig h  b ilirub in  co n cen tra tio n  an d  it  co n ta ined  p ro te in  and  
o ften  also blood. T h e  u rin e  sed im ent com prised  w h ite  and  red  b lood  cells, 
ren a l ep ithe lia l cells a n d  cy lindrical casts o f ren a l tu b u les .

T w en ty -tw o  o f th e  36 dogs died, includ ing  b o th  th e  very  young  puppies 
an d  th e  dogs m ore  th a n  4 years old. R ecovery  ra te  was h ighest betw een  
1/2 — 1 1/2 years o f age.

D iscussion

T he certa in  d iagnosis o f canine v iru s  h e p a titis  requ ires a th o ro u g h  know l
edge of th e  n a tu re  a n d  sym ptom s of th e  disease an d  several d ifferen tia l 
exam in a tio n s. H ow ever, th e  la t te r  are n o t alw ays possible in clinical p rac tice ,
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as dogs are  o ften  b ro u g h t in  w hen in  th e  m o rib u n d  stage  o f an  acu te  d isease 
and  m an y  o f th em  die while still being exam ined . Several such cases w ere 
iden tified  as R u b a r th ’s disease a t  p o st m o rtem  ex am in a tio n . T his, a n d  th e  
re la tiv e ly  la rg e  n u m b er of clinically  recognizable  cases encoun tered  in th is  
clinic d u rin g  th e  p a s t tw o years suggest th a t  R u b a r th ’s disease is n e x t in  f re 
quency  to  can in e  d istem per.

O f th e  36 dogs exam ined  31 were from  6 m o n ths to  3 1/2 years old. T h is is 
in co n fo rm ity  w ith  th e  general opinion th a t  R u b a r th ’s disease chiefly affec ts 
young dogs, a lth o u g h  th e  fo rm er view  th a t  th e  h ighest incidence is b e tw een  
2 an d  4 m o n th s  o f age needs revising.

T hree  fo rm s o f th e  disease can  be d istingu ished : h y p e racu te , acu te  an d  
su b acu te . As th e  h y p e racu te  form  kills th e  dog w ith in  24 — 72 hours a fte r  th e  
onset o f sy m p to m s, such cases are ra re ly  en co u n tered  b y  th e  v e te r in a r ian . 
Dogs a p p a re n tly  h e a lth y  in  th e  evening  are  n o t  in fre q u e n tly  found  dead  n e x t  
m orn ing  so t h a t  th e  dog’s ow ner u sua lly  suspects poisoning. T he h y p e ra c u te  
course is c h a rac te rized  b y  an  a b ru p t rise o f te m p e ra tu re  to  4 0 —41 °C, ex trem e  
deb ility , re p e a te d  v o m iting  and  increasing  th irs t . T he m ucous m em branes 
ap p ear s lig h tly  pa le  an d  th e  swollen tonsils  e x h ib it redden ing . The liver h y p e r 
troph ies co n sid e rab ly , owing to  serous in flam m atio n , an d  its  m arg ins becom e 
rounded . T he m o s t ty p ica l lab o ra to ry  fin d in g  is leucopen ia : leukocy te  co u n ts  
m ay  fa ll to  4,500 or even as low as 1,800. O th e r ro u tin e  la b o ra to ry  te s ts  u su a lly  
show no a b n o rm a lity ; th e  urine occasionally  con ta in s sm all am o u n ts  of p ro te in  
and  b ilirub in  a n d  th e  c lo ttin g  tim e m ay  be slig h tly  longer.

T he a c u te  course tak es  3 — 5 days. T he dogs are ex trem ely  listless, s tu 
porous, an d  su ffer from  vom iting , d ia rrh o ea  an d  th irs t. T em p era tu re  e lev a tio n  
is m ostly  m ed ium -h igh , less often  h igh, a lth o u g h  in freq u en tly  there  m ay  be 
no fever a t  all. Ic te ru s  is firs t no ticed  on th e  sclera and  co n ju n c tiv a  and occasi
onally  also on o th e r  m ucous m em branes; i t  u su a lly  becom es d is tin c t by  th e  5 th  
day. H aem o rrh ag es often  ap p ear on th e  co n ju n c tiv a  an d  o ra l (Fig. 1) an d  
p h ary n g ea l m ucosa . The often  yellow  in te g u m e n t exh ib its  pe tech ia l h a e m o r
rhages or even  suffusion  p a rticu la rly  in th e  ingu inal region an d  scro tum . Som e 
anim als show  an  oedem atous swelling in th e  th ro a t  or ingu inal region. T he 
tonsils are sw ollen and  p ink  to  v iv id  red . O th e r ch a rac te ris tic  sym ptom s are 
sen sitiv ity  o f th e  xyp h o id  region and  liver h y p e rtro p h y , th e  liver p a ren ch y m a 
becom ing so friab le  th a t  even a cau tious p a lp a tio n  m ay  cause it  to  ru p tu re . 
T hree dogs o f o u r m a te ria l died from  spon tan eo u s liver ru p tu re . E x sa n g u i
n a tion  is in d ic a te d  b y  a porcelain  w hiteness of th e  co n ju n c tiv a . R esp ira tion  
is quick  an d  s lig h tly  laborious, th e  pulse qu ick , b u t  w eak. B rad y card ia  d e 
velops if  th e re  is a d is tin c t ic terus. The in te s tin e s  con ta in  flu id  and  gas, an d  
occasionally  ton ic-clon ic  convulsions set in.

T he u rine  ta k e s  on an  ochre yellow  colour from  th e  large am o u n t o f ex 
cre ted  b iliru b in . P ro te in u ria  m ay  be v e ry  m ark ed  an d  leukocy tes and  ren a l
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Table I

Results o f physical

Day after onset
Temper

ature
°C

Icterus
Mucosal
haemor
rhage

Liver
enlarge

ment
Red cells 

mm3 
(mill.)

Blood picture

Clotting 
time 

(min )
White 

cells mm3 
(thous

and)

Differential count (%)

Ly Ne Eo Mo

3. 40.8 — +  + + + 5,2 5,8 8 92 — — 5
3. 39.7 — + + + 4,2 1,0 38 68 2 2 5
4. 39.6 + - + + 2,8 6,2 28 72 — — 12

e 4. 40.5 — — + + 3,8 2,1 12 84 2 2 5

о 4. 37.8 + + + + + + + 4,2 5,1 25 73 — 2 7
Чн

" 4. 40.0 + + + + + 4,8 6,2 18 82 - — 7.5

О
^  5. 40.4 + +  + — + 6,2 7,0 21 76 2 1 8

5. 37.5 + + _
+ +

6,5 3,2 30 66 2 2 8

5. 39.6 + +
+ +

7,0 4,2 22 76 1 1 6.2

6. 39.0 — + + + + 5,9 7,2 6 92 2 _ 6.5
6. 38.5 + + + — + + 3,2 12,0 15 85 — — 6.5

7. 39.5 + + + +  + 4,2 13,6 20 78 1 1 8.5

Ü 7- 40.6 + + + + + + 5,9 11,4 30 65 3 2 7.5
° 7.'■w 38.9 + + + + + + + 4,4 29,3 24 74 - 2 10

4?
+- 8. 
3
О

40.6 + + + + + + + + 5,8 10,25 17 83 - — 6.5

S
u

b
a

I—1 © 38.0 + + + +  +  + + 3,7 19,0 18 80 2 — 8
10. 38.5 + +  + + + + 4,6 28,0 3 94 3 — 8

10. 39.5 4- + + +  + 6,8 7,5 16 80 3 1 5.5

10. 39.0 + + + + + + 4,2 14,0 10 89 1 — 12.0

Normal values 38.5 — — 6 - 8 9 -1 2 26 69 3 2 3 - 5
39.0 — — — — — — — — —
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and laboratory exam inations

SGPT SGOT Serum
bili-

rubin
(“ g%)

Blood
sugar

(ms%)

Alkaline
phospha

tase
(I.U./ml) Protein Bili-

rubin

Urine

I. U. Blood Sediment

30 10 0.3 0.1 107 — + + + — N egative
19 39 0.9 0.4 62 — + + + — N egative
51 23 1.1 0.8 - — +  + + + — N egative
27 30 0.6 0.1 - — + + + + — N egative
76 75 19.5 10.3 171 + + + + + + — Few renal and bladder 

epithelial cells
109 102 1.9 1.3 137 . + + + + + + + M any RBC, few leuko

cytes, 1 — 3 renal cells
90 29 8.7 5.1 151 — + +  + + + + - N egative
52 36 2.6 1.5 107 — +  +  + + + + Many RBC and 

leukocytes, renal cells
60 70 2.7 1.1 — — +  + + + — N egative

53.5 45 0.9 0.6 — 240 + +  + + + + — Renal cells, bacteria
83.0 20.5 1.8 1.3 128 — + +  + + + “Ь ~ь M any RBC, renal and 

bladder cells
69.0 71.0 4.8 1.2 130 190 +  + + + — Few renal cells and 

leukocytes
51 31 1.2 0.9 — — + + + + + + - N egative

450! 380! 7.1 3.8 — — + + + + + + + + + Many RBC and renal 

cells

53.5 47.5 25.2 22.0 135 168 + + + +  +  +
+ +

Many leukocytes and 

RBC, tubular casts and 

renal cells
105 87 6.8 5.7 120 160 + + + + + + + 4 — 5 leukocytes, 4 — 5 

RBC, bacteria
50 18 9.4 5.6 — 120 + + + — 2 - 3  RBC, few renal 

cells
11 22 0.7 0.1 - - + + + + - N egative

160 152 9.2 5.8 132 164 + + + + + + + Leukocytes, RBC, renal 
cells

3.7 ± 9.4 ± 0.5 0.1 7 0 - 8 0 2 0 - 5 0 — — —
2.7 5.9 — — — — — — —

5* Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



192 HORVÁTH et al.

e p ith e lia l cells m ay  be p re se n t in  th e  u rine  sed im ent. T he red  blood cell 
c o u n t is usually  in d ica tiv e  o f anaem ia  (4 — 5 m illion cells). T he leukocyte  
c o u n t is as a ru le low , w ith  th e  d iffe ren tia l coun t su ggesting  neu tro p h ilia . 
T he c lo ttin g  tim e is s lig h tly  p ro longed  (5 — 8 m inu tes). A fte r 1 — 5 days the  
se ru m  bilirub in  rises to  m o d e ra te ly  or ex trem ely  h igh  levels (19 m g% ), owing 
ch ie fly  to  an increase o f  d irec t b ilirub in . SG PT an d  SG O T activ ities also 
re a c h  levels considerab ly  above norm al. A lkaline p h o sp h a ta se  a c tiv ity  rises 
to  a b o u t 100 I.U ./m l. All dogs b u t one h ad  a b lood sugar level above 100 m g% .

T he subacu te  course is ch a rac te rized  b y  a g rad u a l p rogression  of th e  
sy m p to m s. I t  lasts  6 —14 d ay s. T he sick dogs becom e listless an d  lose ap p e tite , 
th e ir  tem p era tu re  a t  f ir s t  rises sligh tly , if  a t  all, b u t  d u rin g  th e  m oribund  
s tag e  falls sligh tly  below  n o rm al. T here  is as a ru le a severe  ic te rus, b u t  th e  
degree of anaem ia is v a ried . B o th  cu tan eo u s and  m ucosal haem orrhages are 
d is tin c t and  ex tensive (F ig . 2). L iver en la rg em en t is in itia lly  considerable b u t  
la te r  regresses; occasionally  th e  liver m ay  h av e  re tu rn e d  to  its  no rm al size b y  
th e  end  of the  disease. T he sick  an im als are  s tu p o rous, u n co n tro llab le  vom iting  
a n d  severe d iarrhoea  a re  fre q u e n t, and  a ta x ia  is o ften  observed . T he red  blood 
cell c o u n t falls to  a g re a te r  o r lesser e x te n t. T here was an  ex trem e  elevation  
o f  leu k o cy te  coun t in  th re e  cases, b u t  in  th e  re s t i t  rose on ly  m o d era te ly  or n o t 
a t  all. The d ifferen tia l co u n t ind ica tes  n eu tro p h ilia . C lo ttin g  tim e  is prolonged 
m ark ed ly .

Serum  b ilirub in , p a r tic u la r ly  th e  d irec t b ilirub in , rose to  a v e ry  high 
level, in some cases u p  to  10 m g % . E lev a tio n  of SG TP a n d  SGOT levels was 
o f sim ilar degree in  th e  a c u te  course. B lood sugar level rose above norm al. 
T he u rine  con ta ined  a la rg e  a m o u n t of p ro te in , b lood an d  b ile , th e  la t te r  im 
p a r tin g  a yellowish green colour. R ed blood cells were o ften  fo u n d  in th e  urine 
sed im en t. In  its acu te  a n d  su b acu te  form s, can ine v iru s  h e p a titis  also causes 
d is tin c t oph thalm ological sy m ptom s. The d iseased dogs m ay  develop irido 
cy c litis , w ith  p h o to p h o b ia , suffusion in to  th e  an te rio r  ch am b er of the  eye, 
or in n e r oph thalm y . T he u n ila te ra l or b i l ité ra i  p a re n c h y m a to u s  k e ra titis  gen
e ra lly  associated  w ith  m ild er cases an d  responsible fo r th e  so-called “ h ep a titis  
b lue eye”  could be cu red  b y  ap p ro p ria te  tre a tm e n t w ith in  1 — 2 weeks 
(F ig . 3).

T he cha rac teris tic  sy m p to m s stem  from  th i fu n d a m e n ta l p a th o p h y sio 
logical changes asso c ia ted  w ith  th e  cond ition . The m ain  changes are th e  im 
p a irm e n t of vascu la r en d o th e liu m  and  liver cells ( L a r i n , S k u l s k i  and  
O r b e l l , 1958). L iver h y p e rtro p h y , m ucosal haem orrhages an d  p ro longation  
o f th e  clo tting  tim e fo rm  a tr ia l of c o n s ta n t sym ptom s. K i r k  (1968) regards 
th e  p ro longation  of c lo ttin g  tim e  as a ty p ic a l co ag u lo p a th y  b ro u g h t ab o u t by  
h e p a rin  release from  th e  im p a ired  liver cells; nevertheless d is tu rb an ces  in th e  
sy n th es is  of h ep a tic  c lo ttin g  fac to rs (p ro th ro m b in , e tc  ) m a y  also p lay  a role. 
T h e  cu taneous and  m ucosal haem orrhages correspond w ith  v ascu la r p u rp u ra .

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



A CLINICAL STUDY OF RUBARTH’S DISEASE 193

Fig. 1. Jaundice and haemorrhages on oral m ucosa
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Fig. 2. Jaundice and cutaneous haemorrhages

Fig. 3. The so-called “ hepatitis blue eye”



194 HORVÁTH et al.

L ab o ra to ry  te s ts  show  changes ty p ic a l of liver d y s tro p h y  and  th e  
p ro lo n g a tio n  of th e  c lo ttin g  tim e  resu lts  in th e  e lev a tio n  o f p lasm a GOT, 
G P T , alkaline p h o sp h a ta se  an d  b iliru b in  levels. R ise o f th e  blood su g ar 
leve l ind icates in creased  glycogenolysis in  th e  dam aged  liver. O f th e  abnorm al 
u r in e  com ponents, b iliru b in  increases in  consequence of h ep a to ce llu la r ic te ru s: 
p ro te in u ria , h a e m a tu ria  an d  a b n o rm a lity  of th e  u r in a ry  sed im en t are in itia lly  
due  to  k idney d eg en era tio n , la te r  to  n ep h ritis .

On the  basis o f th e  above sym p to m s and  la b o ra to ry  te s ts , R u b a r th ’s 
d isease  can easily be recognized , especially  if  i t  tak es  an  acu te  or su b acu te  
course.

W e regard  liv e r  b iop sy  as a dangerous m eth o d  of ea rly  diagnosis. In  th e  
f i r s t  2 — 3 days o f th e  disease th e  liv er is in  a s ta te  o f serous in flam m atio n , 
w ith  i ts  capsule t a u t  an d  liab le  to  ru p tu re  an d  ex san g u in a tio n  on even slig h t 
t ra u m a . The risk  is m u c h  less in  th e  sem i-acute  stage b u t  th e n  th ere  are few er 
inc lusion  bodies so t h a t  b iopsy  is un lik e ly  to  be w orthw hile . A t th is  s tage  
th e  clinical sy m p to m s are  a lread y  obvious enough to  serve as a basis of d ia g 
nosis.

As to  th e  d iag n o stic  d iffe ren tia tio n  of R u b a r th ’s disease from  o th e r  
co n d itio n s, canine d is tem p er is in itia lly  m an ifested  b y  c a ta r rh a l sym ptom s, 
la te r  b y  nervous signs, b u t  th e re  is no liver in v o lvem en t. C linical d iffe ren tia 
tio n  from  toxop lasm osis is m ore d ifficu lt; indeed , th e  p ic tu re s  are som etim es 
so sim ilar th a t  on ly  a d d itio n a l c a ta r rh a l changes suggest th e  p ro tozoan  c a u 
sa tio n . Serological ev idence is as a ru le  necessary  to  a rriv e  a t  unequ ivocal 
conclusions. D iffe ren tia tio n  from  non-in fectious diseases m ay  be m ade p r i
m a rily  on the basis o f th e  h igh fever occurring  du ring  th e  acu te  stage, la te r  
b y  haem orrhages, ic te ru s , clinical course an d  la b o ra to ry  te s ts .

Specific a n tise ru m  tre a tm e n t is in d ica ted  du ring  th e  acu te  stage. R e p e a t
ed  b lood  tran sfu sio n s are  abso lu te ly  necessary  because recovery  can scarcely  
be expected  w ith o u t th em . C om plem en tary  tre a tm e n t w ith  ro b o ran ts  such  
as B -v itam ins (above all B 12), p a n to th e n ic  acid, v ita m in  K , g lycocorticoids, 
ca lcium  p rep a ra tio n s  an d  card iac tiv e  com pounds, as well as p rev en tio n  of 
secondary  b ac te ria l in fection(s), and  ap p lica tio n  of b ro ad -sp ec tru m  an tib io tics  
a re  all im p o rtan t. W eak en ed  an im als shou ld  receive an  easily  digestible d ie t, 
r ich  in ca rb o h y d ra tes  a n d  lip o tro p ic  substances. A liv e r-sp a rin g  d ie t is neces
sa ry  during illness, convalescence an d  fo r an  period  a fte r  recovery .

R ecovery d ep en d s on th e  n a tu re  of th e  disease an d  on th e  speed of 
v e te r in a ry  in te rv e n tio n , b u t  th e  prognosis is u sua lly  d o u b tfu l. H y p eracu te  
cases are hopeless a n d  even w ith  v e ry  carefu l t re a tm e n t 6 0%  o f th e  dogs show 
in g  an  acute or su b a c u te  disease died  in ou r clinic.

T rea tm en t w ith  a m odified  live v ira l vaccine seem s to  be th e  b e s t p ro 
p h y lac tic  m easure. In  im m u n iza tio n  exp erim en ts , th e  R u b a r th  disease vaccine 
conferred  a la s tin g  p ro tec tio n  on 7 7 — 95%  of th e  vaccinées.
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SUMM ARY

Clinical studies and laboratory tests  o f Rubarth’s disease are reported. Thirty-six  
naturally  infected dogs, m ost o f which were % — 1 % years old, were observed, and detailed  
laboratory exam inations were carried out in 19 cases. Hyperacute, acute and subacute forms 
of the disease were distinguished. H yperacute cases are rarely encountered by the veterinarian  
because of their extrem ely rapid course. The characteristic sym ptom s are marked liver en
largem ent, listlessness, vom iting and high fever; blood tests reveal leucopenia. The acute course 
takes 3— 5 days during which icterus, m ucosal haemorrhages and liver enlargem ent develop  
and the liver region displays sensitiv ity  to palpation . The serum GPT, GOT, alkaline phosphatase 
and bilirubin as well as the blood sugar level rise, while the red blood cell count falls. The urine 
contains protein. The subacute course takes 6— 14 days. There are usually  severe icterus and 
exten sive  haemorrhagic diathesis of m ucosa and skin. The clotting tim e is m arkedly prolonged 
but otherwise the laboratory findings resem ble those of the acute form. B lood appears in the 
urine and certain com ponents of the urine sedim ent are indicative o f nephritis. Characteristic 
ophthalm ological sym ptom s (iridocyclitis, parenchym atous keratitis) m ay  already appear in 
the acute stage, but th ey  are com m onest in the subacute form.

The prognosis o f the disease is doubtfu l, even w ith com plex therapy (specific im m une 
serum , hepatoprotective agents, glycocorticoids, blood transfusion, e tc.); o f  the 36 dogs treated  
in  this clinic, 22 died. Chances of survival are poor if the dog is less than 6 m onths or more than  
4 years old.
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The effect of ionizing radiation has already been studied on several species of parasitic 
organism s, including some nem atode parasites of the poultry, such as A scarid ia  galli (B a b e b o , 
1952; Sh ikh o balov a  et ah, 1958; Varga , 1964a; R u f f  e t ah, 1965; R u f f  and H a n s e n , 1967), 
A scarid ia  columbae (Casarosa  et ah, 1966), H eterakis gallinarum  (O stl in d  and H a n s e n , 
1966), Syngam us skrjabinomorpha and/or S. trachea (Shikho balov a  and P a ru zh in sk a ’y a , 
1962; Va rg a , 1964b; Z ie g l e r , 1966).

Since similar work relative to A midostomum anseris (Zeder, 1800) has not been encoun
tered in the literature, an experim ent was designed to  investigate the effect of irradiation on 
the eggs and infective stage larvae of this gizzard-dwelling parasite o f geese. The primary  
objective o f the study was to determ ine w hat dose lev e l of irradiation w ould suitably reduce 
the pathogenic effect o f the larvae so that th ey  m ight be used for im m unization experim ents 
w ithout endangering the health of the host anim als.

M aterial and  m ethods

Eggs o f A . anseris w ere o b ta in ed  from  th e  faeces o f a rtific ia lly  in fec ted  
geese. F resh  faecal sam ples were well m ixed  w ith  ab o u t five volum es of a so lu 
tio n  (m ade of eq u a l volum es of s a tu ra te d  m agnesium  su lp h a te  an d  sodium  
th io su lp h a te  so lu tions m ixed w ith  ta p  w a te r to  give a specific g rav ity  of 1300), 
s tra in e d  th ro u g h  a sieve of 300 /_t m esh , an d  th e  suspension w as cen trifuged  
fo r 3 m in u tes  a t  ap p ro x . 1200 rev. p er m in u te . T he su p e rn a ta n t flu id  was poured  
off in to  a 1 litre  beaker, d ilu ted  w ith  ap p ro x . 10 p a rts  o f ta p  w a te r, and  allow 
ed to  sed im en t for 15 m inu tes. The su p e rn a ta n t  flu id  w as slow ly poured  in to  
a n o th e r  b eak er an d  rep len ished  w ith  ta p  w a te r  while th e  sed im en t w as poured  
in to  a P e tr i  dish. This sed im en ta tio n  p ro ced u re  was re p e a te d  th ree  tim es, 
an d  th e  whole lo t of eggs collected in  th e  P e tr i  dish w as fu r th e r  cleaned b y  
re p e a te d  sed im en ta tio n  an d  rem oval of th e  su p e rn a ta n t w ith  th e  aid of a 
p ip e tte , using  a d issecting  m icroscope, u n til  th e  egg suspension  becam e free 
of debris.

Since th e  eggs of A . anseris reach  th e  f irs t  la rv a l s tage  as soon as in  12 
h ours a t  30 °C ( K o b u l e j , 1956), th e y  w ere im m ed ia te ly  irra d ia te d  (w ith in
3 h ours a fte r  being  passed  w ith  th e  faeces) or k e p t a t  room  te m p e ra tu re  over
4 days to  reach  th e  infective (th ird  la rv a l) stage. P e tr i dishes con ta in in g
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th e  th ird -s ta g e  la rv ae  sw im m ing a b o u t in  the  w a te r were cooled to  -f-1 °C 
a n d  th e  tem p o ra rily  im m obile , sed im en ted  la rv ae  w ere qu ick ly  collected  w ith  
th e  aid  o f a P a s te u r  p ip e tte  u n d e r a d issecting  m icroscope to  o b ta in  ad e q u a te  
la rv a l co n cen tra tio n s.

A G am m a 3500 Ir ra d ia tio n  U n it (N oratom ) w ith  a dose ra te  o f 0.338 
k ilo rad  (k rad ) p er sec. w as used  as th e  source of gam m a ray s. The eggs (ap 
p ro x . 500 eggs p er 1 m l of w ater) or in fec tive  stage la rv ae  (approx . 4000 la rv ae  
p e r  1 m l o f w ater) were k e p t in 8 X 50 m m  glass tu b es p laced  in  a v acu u m  fla sk  
co n ta in in g  ta p  w a te r  du ring  th e  ir ra d ia tio n .

A fte r irrad ia tio n  th e  eggs w ere tra n sfe rre d  in to  sm all P e tri dishes and  
allow ed to  em b ry o n a te  a t  room  te m p e ra tu re . The ra te  of developm ent o f eggs 
a n d  la rv ae  w as reco rded  by  exam in in g  200 eggs an d /o r la rv ae  in each cu ltu re  
ev e ry  24 hours over 5 days. A rb itra rily , th ree  stages of in  v itro  dev e lo p m en t 
w ere d istingu ished : 1. eggs co n ta in in g  a sm all b lastom ere  m oru la  or “ ta d p o le ”  
fo rm ; 2. la rv ae  inside th e  eggs; 3. h a tc h e d  larvae .

D evelopm en t of th e  la rv ae  ir ra d ia te d  a t  the  in fec tive  stage was follow ed 
in  th e  host. On th e  f irs t  p o s t-h a tch in g  d ay , groups of fou r R a jn a  b reed  gos
lings w ere each  in o cu la ted  in to  th e  crop w ith  500 ir ra d ia te d  or norm al la rv ae . 
F ro m  d ay  13 of th e  in fec tion , d ropp ings of the  b irds w ere exam ined fo r th e  
p resence  o f A m idostom um  eggs, using  b o th  th e  com m on co n cen tra tio n  m eth o d  
an d  th e  s ta n d a rd  M cM aster egg-counting  techn ique. E m b ry o n ic  d eve lopm en t 
o f eggs collected  from  faeces of these  goslings was also followed. The an im als 
w ere k illed four weeks a fte r  in fection  and the  gross pa th o lo g ica l changes in 
th e  g izzard  o f b ird s from  th e  vario u s g roups were com pared . The w orm s re 
covered  b y  teasin g  th e  m ucosa of g izzard  in to  sm all pieces u n d er a d issec ting  
m icroscope were sexed an d  th e  fe r tility  o f th e  fem ales exam ined . T he len g th  
o f w orm s w as d e te rm in ed  by  m easu ring  30 m ale (if possible) and  30 fem ales 
se lec ted  a t  ran d o m  from  each gosling.

F o r s ta tis tic a l analysis S tu d e n t’s t- te s t  was applied .

R esu lts

E x posu re  of A . anseris eggs to  v a rio u s doses of ir ra d ia tio n  caused a dose- 
d ep e n d e n t deleterious effect on th e ir  developm en t. T his re su lted  in  a sm aller 
p e rcen tag e  of eggs capab le  of com ple ting  segm en ta tio n  an d  reach ing  th e  in 
fec tiv e  la rv a l stage. F in a l d ev e lo p m en ta l stages o b ta in ed  five  days a f te r  th e  
ex p o su re  are  show n in  Fig. 1. A lth o u g h  cleavage proceeded  for a w hile in 
n e a r ly  all irra d ia te d  eggs, it ceased before th e  tad p o le  stage  was reach ed  in 
m o s t affec ted  eggs; th e  b u lk  of eggs w ith  such an  a rre s te d  deve lopm en t ex 
h ib ite d  irreg u la r d iffe ren tia tio n , th e  ab n o rm a l m oru la  freq u en tly  co n ta in in g  
one or m ore vacuoles (F ig. 2). V ariab le  n u m b ers  of eggs tre a te d  w ith  d iffe ren t
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F i g .  1 . Development of eggs of A m i d o s t o m u m  a n s e r i s  irradiated at various dose levels 
(И morula, j/7J larvae inside the eggs, □  hatched larvae)

F i g .  2 .  Egg of A .  a n s e r i s  showing ab- F i g .  3 . Hatched larva unable to cast off the cuticle 
normal cleavage and large vacuole (X 630) of the second moulting at the anterior end (X 1000)
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doses d f  rad ia tio n  re a c h e d  th e  la rv a l £ t:g e , b u t  m an y  o f th e  la rv ae  were u n ab le  
to  h a tc h  and  soon d is in te g ra te d  inside th e  eggs. Som e la rv a e  m anaged  to  leave  
th e  egg, were n o rm a l in  ap p earan ce  or show ed so m ew h at reduced  m ob ility  as 
com pared  to  th e  liv e ly  m o v em en t v e ry  ch a rac te ris tic  o f  n o rm al th ird -s tag e  
la rv ae  of A m idostom um , while o thers could n o t co m p le te  th e  firs t a n d /o r  
second  m oulting  (F ig . 3).

A m idostom um  eggs could n o t be d e tec ted  in th e  faeces of goslings w hich  
w ere infected  w ith  la rv a e  p rev iously  exposed to  a dose o f 20 k rad  or m ore a t  
th e  infective stage . Som e eggs w ere, how ever, d e m o n s tra te d  in the  faeces 
o f goslings from  th e  10 k ra d  group on days 23, 26 a n d  27 a fte r  infection, and  
egg-counts co m p arab le  to  those in  th e  con tro l g roup  (ran g e : 75 — 675 eggs 
p e r gram  of faeces) w ere regu la rly  found  in  th e  faeces o f goslings of th e  5 k ra d  
group  from  d ay  19 onw ards. Eggs collected  from  faeces o f th e  la tte r  g roup  of 
goslings showed a red u ced  cap ac ity  for seg m en ta tio n : 98 p e r cen t of these eggs 
failed  to  com plete seg m en ta tio n , as com pared  to  11 p er c en t in th e  contro l group .

Gross path o -m o rp h o lo g ica l changes c h a ra c te ris tic  of Am idostom um  
in fec tion  were fo u n d  in  th e  gizzard of every  b ird  in fec ted  w ith  norm al la rv a e  
or w ith  larvae  w h ich  h a d  been exposed to  ra d ia tio n  dosages of 5 to  40 k ra d . 
A lthough  the  changes w ere m ost p ro m in en t in an im als  in fec ted  w ith  n o rm a l 
la rv ae , serious d am ag e  to  th e  g izzard  m ucosa w as also seen in  goslings w hich  
w ere given la rv ae  ir ra d ia te d  w ith  5, 10 or 20 k ra d  (F ig . 4). In  b irds receiv ing  
la rv ae  tre a te d  w ith  40 k ra d , only sligh t a lte ra tio n s  w ere no ticed , consisting  of 
a few haem o rrh ag ic  p a tch es  an d  cu rly  tra c ts  p ro d u ced  b y  a few p aras ite s  in 
th e  m ucosa. N one o f  th e  goslings w hich were in fec ted  w ith  larvae  exposed to  
a dose of 80 k ra d  o f ra d ia tio n  co n ta in ed  an y  lesion in  th e  gizzard. A gizzard  
rep resen ting  lesions o f  m edium  sev erity  for th e  specified  group is show n in 
F ig . 4.

In fec tiv ity  o f th e  la rv ae , as m easured  b y  w orm  b u rd en s a t a u to p sy , 
decreased as th e  dose o f irrad ia tio n  increased (T able I). T he males ex h ib ited  
a h igher rad io sen s itiv ity  th a n  th e  fem ales. A p a rt fro m  th e  fem ales in th e  5 
k ra d  group, an d  in d iv id u a l w orm s in  20 and  40 k ra d  g roup , respectively , th e  
m ean  length  o f w orm s developing from  th e  ir ra d ia te d  la rv ae  decreased as 
com pared  to  th e  con tro ls . R ough ly  one ou t of fou r fem ales arising from  th e  
20 k rad  group h a d  on ly  a ru d im e n ta ry  u te ru s  an d  com plete  lack  o f eggs 
(F ig . 5), while s te rile  eggs were found  in th e  re s t  o f th e  w orm s.

D iscussion

The effect o f ir ra d ia tio n  on th e  em bryogenesis o f A . anseris is essen tia lly  
sim ilar to  th a t  re p o r te d  for o th e r nem atode p a ra s ite s  o f p o u ltry : th e  h igher 
th e  dose of ra d ia tio n  th e  sm aller th e  p ercen tage  o f eggs reaching th e  la rv a l
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T ab le  l

The effect of various levels of larval irradiation upon the take (worm conuts expressed as 
percentage of larvae inoculated), sex ratio and length of worms recovered from goslings 
which were each infected with 500 A m i d o s t o m u m  a n s e r i s  larvae at the age of 2 days and

killed 4 weeks later

No. of 
goslings

Irradiation
(krad) Mean take ^ S.D. Worm sex ratio 

M : F
Length of worms ir

s  <s

mm (mean + S.D.)

9?

4 0 77.7 ±  5.9 1 : 1.172 13.5±0.8 18.9±1.7
4 5 64.2 ±30.0 1 : 1.442 13.2±0.9“ 19.4±1.2
4 10 43.7 ±  6.1 1 : 2.203 11. 0 ± l . lb 17.3±1.4b
4 20 25.2 ±  4.4 1 : 471.0 15(1 <?) 14.9±1.6b
4 40 0.05 ±  0.0 1 ? 0 16 (1 9)
3 80 0 — — —

Level of significance: a, p <  0.05; b, p <  0.001

stag e . A lthough a ce rta in  n u m b er o f  irra d ia te d  eggs developed  in to  la rv a l 
s tag e  a t  each of th e  dose levels ap p lied  in th e  experim en t, m a n y  of th em  
fa iled  to  hatch . A p p a re n tly  less a ffec ted  la rv ae , how ever, h a tc h e d  even a fte r  
an  exposu re  to  as h igh  a dose as 160 k ra d , an d  were m orpho log ically  indis-

F i g .  4 a —f .  Gross pathological changes in the gizzard of goslings infected with larvae of 
A .  a n s e r i s  after exposure to various levels of irradiation: a, unirradiated; b, 5 krad; c, 10 

krad; d, 20 krad; e, 40 krad; f, 80 krad

Acta Vderinaria Academiae Scientiarum Hungaricae 22, 1972



2 0 2 PHUC, VARGA

tin g u ish ab le  from  n o rm a l infective stage  larvae  of A m idostom um . I t  was only- 
som e o f th e  free la rv a e  th a t  could n o t cas t off th e  cu tic le  o f firs t and /o r second 
m o u ltings and  th e re fo re  tw o ad d itio n a l la rv a l sheets w ere read ily  recognised. 
U n fo rtu n a te ly , th e  in fe c tiv ity  of such la rv ae  was n o t in v estiga ted .

I rra d ia tio n  o f th ird -s ta g e  la rv ae  a t  8 0  k rad  ren d ers  th em  non-in fec tive , as 
n e ith e r  signs of ea rlie r lesions no r p a ra s ite s  could be d e tec ted  in th e  g izzard  o f 
goslings in o cu la ted  w ith  such  la rvae . Low er irra d ia tio n  levels resu lted  in a dose- 
d ep en d en t red u c tio n  o f in fec tiv ity  of la rv ae  and g ro w th  in h ib ition  of w orm s. T h e  
rem ark ab le  sh ift in  th e  sex ra tio  in d ica tes  th a t ,  as w ith  m ales of A scarid ia  ga lli 
( S h i k h o b a l o v a  a n d  P a r u z h i n s k a ' y a , 1 9 5 8 ;  etc .) a n d  some o th e r n em a to d e  
p a ra s ite s  of m am m als , m ale la rv ae  of A . anseris are  m ore sensitive to  r a d ia 
tio n  th a n  fem ales. T h o u g h  no a lte ra tio n s  in  th e  m ales were d iscovered u n d e r  
lig h t m icroscopic ex am in a tio n , some dam age to  th e  m ale gonads a t  low  dose 
o f irrad ia tio n  (5 k ra d ) m ay  p e rh ap s acco u n t for th e  h ig h  p ro p o rtio n  o f in fe r
tile  eggs p ro d u ced  b y  norm al-looking  fem ales. T he com plete  lack  o f eggs in
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fem ales is n o t regarded  as a u n iq u e  fea tu re  of p o s t- irrad ia tio n  effect on th is  
p a ra s ite , since sim ilar changes w ere in v a riab ly  observed also w ith  o th e r n e m a 
to d e  species.

The ex tension  of lesions in th e  m ucosa of gizzard is in close re la tionsh ip  
w ith  th e  n u m b e r of burrow ed w orm s. T h u s, it is in ferred  from  th e  p re sen t 
ra d ia tio n  effect t i tra tio n  s tu d y  th a t  an exposure am o u n tin g  to  ab o u t 40 k rad  
o f ir ra d ia tio n  m ay  be necessary  to  achieve su itab le  a t te n u a tio n  of A . anseris 
la rv ae  for use in im m unization  ex p erim en ts . This is ap p ro x im a te ly  four tim es 
th e  dose req u ired  for a tte n u a tio n  of A scarid ia  galli la rv ae  ( V a r g a , 1964a; 
D e o  e t ah , 1971) or those of Syngam us trachea ( V a r g a , 1964b; Z i e g l e r , 

1966).
*

A c k n o w l e d g e m e n t s .  Thanks are due to Prof. Gy . K oczkás and Mrs. Z. P a r á d y , 
“Frédéric Joliot Curie” National Research Institute for Radiobiology and Radiohygiene, 
Budapest, for providing the facilities for irradiation.

SUMMARY

Eggs of A m i d o s t o m u m  a n s e r i s  exposed to various doses of gamma rays, ranging from 
5 to 160 kilorad, were arrested at different stages of development. In proportion to the dose 
increase, more and more eggs remained at the stage of an irregular morula showing abnormal 
cleavage and containing vacuoles. A considerable number of larvae were unable to hatch, 
whereas others could not cast off completely the cuticle of first and/or second moulting. Irradi
ation of third stage larvae reduced their infectivity for goslings, resulted in development of 
sterile females or ones producing infertile eggs, and caused a remarkable shift in worm sex 
ratio. A significant decrease in the size of worms was also noted. The pathogenic effect of A .  
a n s e r i s  can be greatly reduced by exposing the infective larvae to a dose of approx. 40 krad 
of gamma irradiation.
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Introduction

A n a d e q u a te  p lane o f n u tr itio n  is recogn ized  as an  essen tia l fa c to r  fo r 
rep ro d u c tio n  o f  p o u ltry . U n fo rtu n a te ly , n u tr i t io n a l  req u irem en ts  for sem en 
p ro d u c tio n  h av e  been fa r less in ten s iv e ly  s tu d ie d  th a n  th o se  for egg p ro d u c tio n  
and  h a tc h a b ility , even th o u g h  th e  fe r tility  o f th e  in d iv idua l cock is u n d o u b te d ly  
m ore im p o r ta n t  th a n  th a t  o f the  hen.

T he need  for research  on th is  su b je c t is especially  to p ica l in co u n trie s  
such as In d ia , w here n u tr itio n is ts  — in th e  a t te m p t  to  m inim ize co m p e titio n  
w ith  m an  for ce rta in  cereal g rains — are s tr iv in g  h a rd  to  ex p lo it new er sources 
o f feed for p o u ltry , as i t  is equally  im p e ra tiv e  on th e  n u tr i t io n is ts ’ p a r t  to  
consider w h a t effects new  feed in g red ien ts w ill have on b reed ing  stock . Tw o 
ag ro in d u stria l b y p ro d u c ts  w hich  seem to  h a v e  g rea t p o te n tia l ap p lica tio n  in 
In d ia  are sal seed cake, w h ich  is th e  residue  rem ain ing  from  seeds of th e  tre e  
Shorea robusta a f te r  th e  f a t  co n ten t has b een  rem oved to  m ake b u tte r ;  an d  
damaged wheat, t h a t  is, g ra in  th a t  has d e te r io ra te d  due to  fungal an d  in sec t 
in festa tio n  an d  is no longer su itab le  for h u m a n  consum ption  b u t  still a c c e p t
able for an im al n u tr itio n .

U tiliz a tio n  of sal seed ( P a n d a , 1969) a n d  sal seed cake (V e r m a  an d  
P a n d a , 1970) has been found  to  give sa tis fa c to ry  resu lts  in W hite  L eghorn  
cockerels, a lth o u g h  th e  s tu d ies  were c o n d u c te d  only up to  8 weeks o f age. 
Feeding o f dam aged  w h ea t, how ever, h as  o n ly  been in v es tig a ted  in  b ro ilers  
up to  11 w eeks o f age ( T h a k u r  and  P a n d a , 1971). W ith  b o th  p ro d u c ts  th e re  
is no in fo rm atio n  w h atso ev er a b o u t th e ir  effects on sem en ch arac te ris tic s . 
I t  was th e re fo re  fe lt th a t  if  feeding of th e se  in g red ien ts  to  b reed ing  cockerels 
is to  be ad v o ca ted , it  w ould  be n ecessary  to  o b ta in  p e r tin e n t d a ta  on a n y  
possible d isad v an tag eo u s effects th e y  m ig h t h av e  on perfo rm ance.
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Review of literature

E ven disregarding the lack of data about the effect o f feeding sal seed cake and dam aged  
w heat, the literature dealing w ith the relationship betw een  nutrition and sem en characteristics 
o f  cocks is very lim ited.

B r en em a n  (1941) observed that restriction o f the diet o f young m ale chicks causes a 
retardation of testicu lar growth, but whether this w as related to lower fertility  was not studied . 
P a r k e r  (1943) and L o ren z  (1959) further observed th a t the body w eight of the cocks was 
reduced and showed th a t inanition decreases the lev e l o f  fertility. Sem en volum e, num ber o f  
sperm atozoa per collection  and fertilising capacity  o f  the males were all adversely influenced .

Lack of protein or essential amino acids in  the d iet of laboratory animals m ay lead  to  
inh ib ition of the developm ent of the m ale reproductive organs and lowered fertility. E xperi
m ents w ith rats conducted by Moustgaard  (1959) have shown th at pronounced calcium  de
ficien cy  m ay cause in fertility  in both sexes. F eeding o f an extrem ely low  phosphorus d iet to  
prepubertal rats caused inhibition of the developm ent of testes and arrested sperm atogenesis.

P e r e k  (1966) dem onstrated a relationship betw een thyroid activ ity  and sperm atogene
sis in birds by feeding thyroprotein. H e assum ed th a t the process o f sperm production and  
fertility  are closely related to the body’s general m etabolism .

Co o per  (1968) established that breast w idth  and body w eight o f turkeys could be 
correlated w ith fertility  in males. E xtrem ely h eavy  tom s m ay be responsible for som e o f the  
problem s of fertility . H e pointed out that lighter w eight males m ay be more agile and hence  
able to com plete more m atings. He conducted experim ents to find m eans of reducing the body  
w eight o f turkey m ales and to determ ine if  fertility  could be im proved when lower w eight 
m ales were used in natural matings.

K u h n s  and A rscott  (1969) showed that v itam in  E restored fertility  and sperm  con
centration in W hite Leghorn males fed a diet high in linoleic acid but low  in vitam in E . The 
fertility  of the adult m ale chicken is a sensitive m easure of deficiency o f th is vitam in, but neither  
its nutrient nor its antioxidant effects on male fertility  have been clarified. In absence o f v ita 
m in E and ethoxyquin , fertility  and sperm concentration were reduced.

Materials and m ethods

M ix in g  the ration

The in g red ien ts  were g round to  a g ra n u la r  consistency  and  th o ro u g h ly  
m ixed  to  produce  a un ifo rm  m ash. M icro-ingred ien ts w ere f irs t m ixed in  a l i t t le  
q u a n ti ty  of m ash  an d  th is  p rem ix  th e n  m ixed  in  th e  b u lk  m ash . All th e  e x p e ri
m e n ta l m ashes w ere p rep ared  in acco rd an ce  w ith  th e ir  gross com position . 
R e p re sen ta tiv e  sam ples were d raw n from  every  m ash  and  stored  in c lean , 
d ry , tig h tly  s to p p e red  p lastic  b o ttle s  fo r analysis.

E xperim enta l birds

T h irty  W h ite  L eghorn  cocks, 8 m o n th s  of age an d  o f uniform  size, v ig o u r 
an d  body  w eigh t were o b ta in ed  from  th e  In s t i tu te ’s E x p erim en ta l P o u ltry  
F a rm . The cocks w ere w ingbanded , w eighed  in d iv id u a lly  and  d is tr ib u te d  
ran d o m ly  in to  th re e  sets of 10 cocks, each  com posed of tw o rep lica te  g roups. 
T he rep lica te  g roups were ran d o m ly  a llo tte d  to  com m ercial fin ish ing  b a t te r y  
co m p artm en ts  in  w hich five cocks could  be com fortab ly  housed. T he th ree  
g roups were p u t  on d ifferen t ex p e rim en ta l m ashes w ith  th e  gross com positions 
show n in T ab le  I.
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Table I

Gross com position o f the experim ental diets 
(on wt. % basis)

Ingredients Diet 1 Diet 2 Diet 3

Maize 60 50 _
W hate bran 20 20 20
G. N. Cake 10 10 10
Corn gluten meal 4 4 4

Sal seed cake — 10 —
Damaged wheat — — 60
Fish meal 2 2 2
Meat meal 1 1 1

Mineral mixture 3 3 3

Vitam ins added/100 kg of diet: V it. A  1.5 g; V it. B 2 0.5 g; Vit. D 3 0.4 g

Feeding

T he th ree  groups w ere fed th e  d iffe ren t d iets d u rin g  th e  en tire  period of 
experim en t. T he d ry  m ash  system  was followed. T he q u a n ti ty  of m ash  offered 
was a d ju s te d  accord ing  to  consum ption  to  avoid  w astage.

W atering

Clean, fresh  d rin k in g  w a te r  was availab le  to  th e  b ird s  a t  all tim e, th e  
w a te r con ta iners w ere th o ro u g h ly  cleaned daily .

E xperim ental period

T he ex p erim en t w as s ta r te d  on 3rd  Ju n e  1971 an d  te rm in a te d  on 7 th  
A ugust 1971. T he f irs t  perio d  of 6 w eeks was assigned on ly  fo r feed ing  of th e  
b ird s. A fte r th is  p e rio d  w as over, collection  of sem en from  in d iv id u a l cocks 
was s ta r te d  from  14 th  J u ly  1971 an d  w as c o n tin u e d  ev e ry  w eek till 7 th A u g u st 
1971. T he cockerels w ere w eighed in d iv id u a lly  a t  th e  s ta r t  an d  a t  th e  te rm i
n a tio n  o f th e  ex p erim en t.

Collection o f  semen

T he sem en w as co llected  from  th e  cock b y  th e  ab d o m in a l m assage te c h 
n ique suggested  b y  B u r r o w s  an d  Q u i n n  (1937). T he b ird  w as s tim u la ted  to
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e ja c u la to ry  responses b y  m assag ing  th e  soft sides o f its  ab d o m en , betw een  
th e  g izzard  an d  th e  pelv ic  bones. D u rin g  these responses, th e  co p u la to ry  organ 
e rec ts  and  is ra p id ly  th ru s t  o u t a n d  w ithd raw n . T he sem en w as cau g h t in  a 
sm all beak er held  u n d e r  th e  v e n t  w ith  th e  left h an d . T he sem en w as ta k e n  to  
th e  la b o ra to ry  fo r ex am in a tio n  im m ed ia te ly  a fte r  collection .

Sem en sam ples w ere re s tr ic te d  to  those as free as possible from  co n tam i
n a tin g  flu ids such  as “ th e  clear w a te ry  flu id ” , while u ra te s , faeces an d  visible 
fo re ign  m ateria l w ere avoided .

C ounting o f  spermatozoa

The semen w as d ilu ted  to  1 :2 0 0  w ith  0 .85%  n o rm a l saline so lu tion  con
ta in in g  a few drops o f  fo rm ald eh y d e , em ploying th e  s ta n d a rd  procedure  used  
fo r  coun tin g  of red  b lo o d  cells (T a n e j a  an d  G o w e , 1961).

Percentage o f liv ing  spermatozoa

Im m ed ia te ly  a f te r  collection , one drop of sem en from  each  sam ple was 
m ix ed  w ith  5 drops o f  s ta in  (0.6 g n ig rosin  and  0.16 g eosin in  10 m l 3 .55%  
so d ium  c itra te  d ih y d ra te )  an d  15 m in u tes  la te r  tw o  sm ears w ere m ade on 
glass slides. The a ir-d ried  sm ears w ere exam ined u n d e r oil im m ersion lens 
(1000 X m agnifica tion). The live sp e rm s were d iffe ren tia ted  from  dead  sperm s 
b y  th e  presence o f a c lear n o n s ta in in g  sperm  head , d ead  sperm s hav ing  a v io 
le t-s ta in e d  head  (M u k h e r j e e  a n d  S i n g h , 1968).

M etabolic activity o f  sperm s

A reliable a n d  qu ick  m e th o d  is th e  “ M ethylene blue red u c tio n  tim e ”  
(M B R T ). E qua l q u a n titie s  of 0 .8 8 5 %  sodium  chloride d ilu en t and  fresh  egg 
y o lk  were m ixed. To 13.5 m l o f th is  m ix tu re , 1.5 m l o f m ethy lene  blue was 
ad d e d  from  a sto ck  so lu tion  c o n ta in in g  50 mg m eth y len e  b lue  per 100 ml 
d is tilled  w ater an d  th o ro u g h ly  m ixed . T he M BRT d e te rm in a tio n s  were m ade by  
m ix in g  0.05 m l u n d ilu te d  fresh  sem en  w ith  0.45 m l o f th e  yo lk  d ilu e n t-  
m ethy lene  blue so lu tio n  (pH  6.5, m easu red  by  P h ilips p H  m eter). A fter s t i r 
r in g , several d rops o f  liqu id  p a ra ff in  were added  to  th e  su rface of each 
m ix tu re . All th e  te s t  tubes w ere im m ersed s im u ltan eo u sly  in a w a te r 
b a th  a t  40 °C and  th e  tim e re q u ire d  for the  ap p earan ce  of a defin ite  yellow  
co lo u r was recorded.

M ethods o f  analysis

F o r p ro x im ate  analysis o f th e  feed  sam ples, th e  p rocedures were ad o p ted  
acco rd ing  to  IS I reco m m endations.
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Gross energy

The gross energy  o f th e  feeds offered during  th e  exp erim en ta l period 
w as de term ined  by  m easu rin g  th e  h e a t of com bustion  o f  th e  m ateria l in an 
ad iab a tic  T oshniw al B om b C alo rim eter, following th e  p ro ced u re  recom m ended 
b y  IS I  (1968). T he w a te r  e q u iv a le n t o f th e  a p p a ra tu s  w as determ ined  w ith  
pu re  benzoic acid.

R esults and discussion

The resu lts  o f chem ical analysis of the  ex p e rim en ta l m ashes used in  th is  
exp erim en t are p resen ted  in T ab le  I I ,  and  th e  su m m arized  findings of th e  
exam inations of th e  b ird s in T ab le  I I I .

Table II

Chemical com position of the experim ental diets 
(E xpressed on D. M. basis in %)

Ingredients Diet 1 Diet 2 Diet 3

Dry m atter 87.84 87.85 87.64
Total ash 7.0 8.3 8.9
Insoluble ash 0.817 1.120 2.227
Calcium 1.12 1.14 1.10

Phosphorus 0.94 0.93 0.93
Ether extract 3.9 4.3 3.1

Crude fibre 5.3 6.1 5.8

N.F.E. 66.17 64.73 64.42

Uric acid 0.092 0.170 0.091
Crude protein 17.63 16.57 17.78

Gross energy 4096 4016 3887

Table III

Sum m ary of results

Control Sal seed cake Damaged wheat
No. of 

observations 
in each group

No. of spermatozoa1 1 .2 0 ± 0 .1 1 1.18+0.10 1 .1 6 + 0 .1 0 30

Live% 93.96 +  1.10 94.43 +  1.10 9 3 .5 6 + 0 .9 8 30

M BRT2 7.10 +  0.57 7 .00+0.49 7 .1 3 + 0 .6 1 30

Testes weight3 0.675 +  0.087 0.830 +  0.078 0 .6 6 0 + 0 .0 9 0 10
Initial body weight4 1 6 34 .3+ 22 .4 1616.0 +  30.8 1569.3 +  106.3 10

Final body weight4 1695.0 +  45.6 1742.0 +  34.0 1596 .0+ 73 .7 10

Note: 1, n i i 111 о n /  d : 2, m ethylene blue reduction tim e in m in.; 3, % of final body weight; 
4, in gram
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I t  m ay be seen from  th e  d a ta  th a t  th e  d iets c o n ta in e d  recom m ended 
lev e ls  of p ro te in  a n d  cru d e  fib re . T he n itrogen -free  e x tra c ts  o f a ll th e  m ashes 
in d ic a te  th a t  th e y  w ere well ce rtified  w ith  energy . The p e rc e n ta g e  of calcium  
is o n  th e  IS I reco m m en d ed  level an d  p h o sphorus is well above th e  recom m ended 
lev e l. The d iets w ere rea so n ab ly  b a lan ced  to  m eet th e  n u tr ie n t  requ irem en ts 
o f  th e  breeding cockerels. No red u c tio n  in  b o d y  w eight o f th e  cockerels was 
n o te d  u n d er an y  tre a tm e n t ,  in d ica tin g  th a t  th e re  was no in a d e q u a c y  in the  
d ie ts  offered. T he cockerels fed  on sal seed cake an d  d am a g e d  w h ea t d iets 
e x h ib ite d  no defic iency  sy m p to m s. T he resu lts  show th a t  th e  inclusion of in 
g red ien ts  viz. sal seed cake an d  dam aged  w h ea t in no w ay  low ered th e  n u 
t r i t iv e  value of th e  ra tio n s . T h is ex p e rim en t agrees w ith  th o se  of Y e r m a  and  
P a n d a  (1970), w ho observed  sa tis fa c to ry  g row th  in W h ite  L eghorn  cockerels 
b y  feeding sal seed m eal a t  10%  level u p  to  8 weeks of age.

R ecen tly  in  som e ex p erim en ts  co n d u c ted  on bro ilers, T h a k u r  an d  P a n d a

(1971) have show n th a t  d am ag ed  w h ea t u p  to  60%  leve l cou ld  be used in  
b ro ile r  diets b y  rep lac in g  co m ple te ly  th e  n o rm al m aize a n d  th e  g row th  ob 
se rv e d  in broilers w as also q u ite  sa tis fac to ry . In  th e  p re se n t in v estig a tio n  also, 
d am ag ed  w h ea t p ro v e d  qu ite  p rom ising  as a su b s titu te  fo r  n o rm a l m aize in 
th e  diets of b reed ing  cocks.

Sem en  quality

Semen q u a lity  w as assessed on th e  basis of th e  sp e rm  co n cen tra tion , 
m e tab o lic  a c tiv ity  o f sperm s an d  p e rcen tag e  of live sp erm s, w hich  are close
ly  re la ted  to  fe r ti l i ty  ( L o r e n z , 1959; Ch e r m s , 1968). S em en volum e was n o t 
in c lu d ed  because i t  show s no re la tio n sh ip  to  fe rtility  (C r a w f o r d , 1964).

S p erm  concentration

There was no m a rk e d  difference in  th e  sperm  c o n c e n tra tio n  of cocks fed 
sa l seed cake (1.18 m illion//d) o r d am ag ed  w h ea t (1.16 million/jul) from  th e  av e r
age co n cen tra tio n  o f  1.20 m illion  sperm s//R  found  in  th e  c o n tro l group (60%  
m aize). These va lu es  are  so m ew h at low er th a n  th e  values c ited  in  th e  lite ra tu re  
( W h e e l e r , 1943). H ow ever, th e  la t te r  are  averages for th e  w hole year, and  if 
th e  varia tio n  due to  seasonal effects is considered th e  v a lu es  rep o rted  here 
a re  in  close ag reem en t w ith  th e  figures rep o rted  b y  P a r k e r  (1943), who ob
se rv ed  a decline in  sperm  c o n cen tra tio n  d u rin g  Ju ly , w hen  th e  p resen t exam i
n a tio n s  were m ade . S im ilar o b se rv a tio n s have  been re p o r te d  in tu rk e y  by  
C a r s o n  (1955).
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Testicular weight

The resu lts  o b ta in ed  in th e  p resen t stud ies are  in ag reem en t w ith  th e  
analysis of d a ta  on te s te s  w eigh t an d  sperm  co n cen tra tio n  carried  o u t b y  
B u r r o w s  (1939), who show ed th a t  th e re  was a sign ifican t co rre la tio n  betw een  
these  tw o ch a rac te rs  (co rre la tion  coefficien t 0.78), in d ica tin g  th a t  ab o u t 
61 p e rc e n t of th e  v a ria tio n  in sem en p ro d u c tio n  w as due to  d ifference in te s te s  
size.

Percentage o f  live sperms

The p e rcen tages of live sperm s were 93.96, 94.43 an d  93.56 in  g roups 
fed  d iets 1, 2 an d  3, respective ly . T here  was th u s  p rac tica lly  no  d ifference in  
th e  live sperm  percen tag e  due to  feed ing  th e  cocks on dam aged  w h e a t an d  sal 
seed cake d iets. T he resu lts  are  q u ite  sa tis fac to ry  w hen co m p ared  w ith  th e  
re su lts  o b ta in ed  b y  B a j p a i  (1963) w hose find ings are  ab o u t th e  sam e as ou r 
con tro l d ie t va lues. T he sp erm ato zo a  ex h ib ited  a com pletely  no rm al m orpho log 
ical p ic tu re , show ing none of th e  defo rm ations, viz. head  “ b e n t”  in  loop or in  
a “ C”  form , b ro k en  heads, sw elling a t  base of head , coiled or b roken  ta ils , 
th a t  are co rre la ted  w ith  th e  s te r ility  in  cocks (Sa m p s o n , 1939).

M ethylene blue reduction time

T here w as no n o te w o rth y  d ifference in th e  M B R T  of th e  d iffe ren t groups. 
T he resu lts  o f th e  p re sen t in v es tig a tio n s  are q u ite  in  ag reem en t w ith  those 
re p o rte d  b y  B o g d o n o f f  (1954).
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SUMMARY

Practically no differences in w eight gain or semen characteristics (sperm concentration  
and viab ility , and sperm m etabolism  measured by the m ethylene blue reduction tim e) were 
noted on the basis o f the values for a control group in two groups of 10 eight-m onth-old W hite 
Leghorn cockerels kept for three m onths on diets containing 10% sal seed cake or 60%  damaged  
w heat partially or wholly in place of the 60% m aize of the control diet. In view  o f the absence 
o f adverse effects and their cheapness relative to maize, the utilization of both  foodstuffs in 
the diet o f breeding cocks can be advocated at the indicated levels, and these new  feed re
placers help keeping the cost o f feeding at considerably lower level.
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Several w orkers have show n th a t  m assive doses of corticostero ids can 
be beneficial w hen  given to  an im als  or m an in  E . coli en do tox in  shock. T he 
successful a d m in is tra tio n  of ho rm ones can be ex p la in ed  by  th e  well know n 
physiological an d  pharm aco log ical effects o f g lucocortico ids, such as c o r ti
costerone (11-dehydrocorticosterone) and  cortiso l (17 -hydroxycorticoste rone , 
hydrocortisone). In  large doses, th ese  horm ones h av e  an ti-in flam m ato ry  and  
an tia lle rg ic  in fluences and  block th e  system ic effects o f b ac te ria l toxins.

The literature contains several observations on the effect o f glucocorticoids in the  
treatm ent of diseases associated w ith  E. coli infection. The leth al effect of lipopolysaccharide 
endotoxins can be reduced or prevented w ith  prednisolone (B e r t ó k  and T ó th , 1963). R esistance  
of 2 to  3-week-old ratlings to E. coli endotoxin  fell by a factor of 27 following adrenalectom ye 
A dm inistration of cortisol and adrenalin led to a significant rise o f their resistance (B e l o - 
k r y l o v  and Ostr o v sk y , 1968). As N a m ioka  et al. (1968) have reported, glucocorticoids are 
effective  for the treatm ent of piglet scours (3-week enteritis). The hormone therapy seems to be 
reliable if administered in  the earlier stages of the illness. The leth al effect of E. coli endotoxin  
on 10 to 11-day-old ch ick  embryos was prevented by the adm inistration of cortisol (Gr u n in - 
GER and H ow e, 1969). Adrenal corticosteroids have also been used to help neutralize the cellu
lar action of endotoxin in  calves w ith colibacillosis (L a rso n  and B u l l , 1970).

According to the general opinion, stress factors m ay contribute to an increase in the  
in testina l haem olytic E . coli population, consequently th ey  have a negative role in the p ath o
genesis of enteric colibacillosis (M in ia t s  and R o e , 1968; T h o m l in s o n , 1969). On the basis of 
data reported in the recent literature, a further and perhaps more interesting consideration  
arises concerning the relationship of stress and colibacillosis. In the experim ents o f Gross 
and S ie g e l  (1965), subjection  of cockerels to various degrees o f social interaction m arkedly 
affected  their resistance against infectious agents. A high degree of social stress induced in 
creased resistance to E . coli infection. The resistance seem ed to  be correlated w ith relatively  
high levels of plasma corticosteroids in socially m ixed cockerels (G ross and Colm ano , 1967). 
W hen ACTH was adm inistered, the relative plasma values o f  corticosteroids were greatly  
increased, and the birds were also more resistant to E . coli infection  than the controls. These 
experim ents clearly dem onstrate that the host response to E . coli infection is conditioned by  
prior exposure of the host to certain kinds of stress. The m echanism  by which previous stress 
affects resistance to endotoxin , however, is not com pletely understood. R a v in  and F in e  (1962) 
poin ted  out that the reticuloendothelial system  is the com m on pathw ay between E. coli 
endotoxin  and stress. Anim als conditioned to certain forms o f stress develop some tolerance  
to endotoxin, because their reticuloendothelial cells more effic iently  take up endotoxin and 
detox ify  it.

Several workers have shown that the pituitary-adrenocortical system  is not fully devel
oped during the early stage of postnatal life ( J a il e r , 1950; K e m é n y  e t al., 1964). As compared  
w ith  th a t of the adult, the response of neonatal animals to stressors is inadequate. Sch apiro  
e t al. (1962) termed th is early stage o f developm ent, the “ stress non-responsive period” .
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T he p resen t s tu d y  w as in te n d e d  to  answ er th e  questio n  o f  w h e th e r the  
h o rm o n a l im m a tu rity  o f y oung  an im als  has an y  role as a p red isp o sin g  fac to r 
in th e  pathogenesis o f co libacilla ry  d ia rrh o ea . H ave th e  m o rib u n d  pig lets 
som e degree of ad ren a l in su ffic iency  or are th e ir  ad rena l g lands s till fu n c tio n 
in g  in  th e  advanced  s tages o f th e  disease ? T he fu n c tio n a l s ta te  of ad rena l 
c o r te x  was ch a rac te rized  b y  th e  d e te rm in a tio n  of th e  c ircu la tin g  g lucoco rti
co id  level.

M aterials and methods

E xperim en ta l anim als and procedure

A  to ta l  o f 27 c rossb red  pigs (L arge W hite  X D an ish  L an d race) from  a 
c lo sed  herd  was used  in  th is  s tu d y . T h e  3 — 5 days old an im als w ere housed 
a n d  m anaged  in th e  sam e w ay. W ith  th e  excep tion  of th e  m o rib u n d  pig lets, 
th e y  sucked  th e ir  dam  u n til th e  tim e  o f exam ination .

A m ong the  an im als s tu d ied , 16 p ig lets from  four lit te rs  w ere affected 
w ith  n a tu ra lly  occu rring  en te ric  colibacillosis. A t th e  tim e  o f ex am in a tio n , 
th e y  h a d  showed profuse d ia rrh o ea  fo r 12 — 24 hours. N one o f th e m  h a d  been 
t r e a te d  b y  v e te rin a rian s  d u rin g  th e ir  illness. A t th e  sam e tim e , 11 h ea lth y  
p ig le ts  from  th ree  l i t te rs  served  as con tro ls.

In  view  of th e  d iu rn a l rh y th m  of cortiso l secretion , th e  ex am in a tio n s 
w ere  carried  o u t s im ila rly  in  case o f each  an im al. The p ig le ts  w ere rem oved 
fro m  th e ir  dam  an d  tra n sp o rte d  to  th e  lab o ra to ry  in th e  la te  m orn in g  hours. 
T h e  b lood  sam ples w ere d raw n  an aero b ica lly  from  the  a n te rio r  v en a  cava  for 
th e  d e te rm in a tio n  o f p H , s ta n d a rd  b ica rb o n a te  an d  p lasm a p ro te in  values. 
T h e  re le v a n t la b o ra to ry  m eth o d s w ere pub lished  in an earlie r p a p e r  ( K u t a s  

a n d  S z a b ó , 1971). A fte r th is , th e  an im als  were sacrificed  b y  severance  of the  
ce rv ica l blood vessels. T he h ep arin ized  b lood sam ples co llec ted  in  th is  w ay 
w ere  cen trifuged  an d  th e  p lasm a w as used for d e te rm in a tio n  o f g lucocorticoid  
level.

D eterm ination o f corticoids in blood plasm a

T he corticoids w ere d e te rm in ed  b y  th e  m ethod  of B u s h  (1961). One p a r t 
o f  0.2 N N aO H  so lu tion  w as ad d ed  to  20 p a r ts  o f hep arin ized  b lood  plasm a. 
T h e  corticoids w ere th e n  e x tra c te d  th re e  tim es w ith  ab o u t 3 vo lum es o f ch loro
fo rm . A fter f iltra tio n , th e  ch loroform  w as ev ap o ra ted  in  a w a te r  b a th  a t 
55 — 60 °C. The d ry  e x tra c t  w as d isso lved  in  1.5 m l of ch lo ro fo rm  an d  chro 
m a to g ra p h e d  on W h a tm a n  No. 1 p a p e r. A t th e  sam e tim e , s ta n d a rd  am o u n ts  
(2, 5 an d  10 p,g) o f co rtiso l w ere ru n  sim ilarly .
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The descend ing  paper ch ro m ato g ram s were developed  in th e  A system  
o f B u s h  (100 m l lig h t pe tro leum , 80 m l m eth an o l, 20 m l w a ter). A fter ru n n in g , 
th e  ch ro m ato g ram s were rem oved from  th e  ta n k  an d  d ried . F o r th e  sep a ra tio n  
o f stero id  frac tio n s , th e  strips w ere c h ro m a to g rap h ed  a t  37 °C in  th e  B . system  
o f B u s h  (100 m l benzene, 50 m l m ethano l, 50 m l w ater).

The d ried  p a p e r  strip s were sp ray ed  w ith  an  a lkaline  so lu tion  of b lue 
té trazo liu m  an d  th e  form azans were e lu ted  w ith  7 : 3 m ix tu re  of e th y la c e ta te  : 
m eth an o l. T he o p tica l density  was re a d  in  S pectrom om  360 p h o to m e te r  a t 
560 m fi.

Post-mortem f in d in g s

All d ia rrhoe ic  and  con tro l p ig lets w ere necropsied , an d  bacterio log ical 
ex am in a tio n s w ere carried  o u t for co n firm a tio n  o f th e  diagnosis e s tab lished  
in  vivo. The d ia rrh o e ic  piglets show ed c a ta r rh a l in flam m atio n  of th e  s tom ach  
a n d  in testin e . H aem o ly tic  s tra in s  of E . coli were iso la ted  in  p u re , or a lm o st 
p u re  cu ltu re  fro m  th e  sm all in te s tin e  of all p ig lets in  th e  d iarrhoeic  group . 
In c o n tra s t, no patho log ica l changes w ere observed  a t  necropsy  of th e  con tro l 
an im als. The bacterio log ical exam in a tio n  o f sm all in te s tin e  w as neg a tiv e  fo r 
h aem oly tic  E . coli in  these piglets.

The d a ta  w ere analyzed  s ta tis tic a lly  em ploying  S tu d e n t’s t te s t.

Results

A t th e  tim e  o f ex am ina tion , each  an im al be longing  to  th e  d iarrhoeic  
g roup  show ed th e  w ell know n clinical sy m p to m s of b a b y  p ig le t en te ritis . T he 
faecal m a te ria l fro m  th e  affected  pigs w as sem i-flu id  in  consistency  and  yellow 
ish  in colour, h av in g  a charac teris tic  fe tid  odour. A loss of tu rg o r an d  e lastic ity  
w as no ted , th e  ex trem itie s  were cool an d  cyano tic . T he m ost severe form  of 
colibacillosis w as observed  in  pig lets No. 1, 4, 5 an d  15. These anim als w ere 
u n ab le  to  w alk  a n d  th e ir  com atose cond ition  in d ica ted  th e  te rm in a l stage  of 
illness.

The clinical s ta tu s  of the  p ig lets is described  w ith  th e  sam e la b o ra to ry  
p a ram e te rs  used  in  ou r earlier w ork  ( K u t a s  an d  S z a b ó , 1971). F o r th e  assess
m e n t of the  ac id—base  s ta tu s  we used th e  p H  an d  s ta n d a rd  b ica rb o n a te  values 
in b lood. The w a te r  balance of th e  an im als w as ch a rac te rized  by  th e  p lasm a 
p ro te in  level. T ab le  I  p resen ts th e  d a ta  o b ta in ed  for venous blood of th e  d ia r
rhoeic  and  co n tro l p ig lets. The e levation  of p lasm a p ro te in  level in  p ig lets w ith  
en te ric  colibacillosis ind icates a decline of p lasm a vo lum e caused b y  rap id  
d eh y d ra tio n . T he p a ram e te rs  of acid—base ba lance  show ed severe m etabo lic  
acidosis in each  d iarrhoeic  anim al.
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T h e ch ro m a to g rap h ed  sam ples y ie lded  tw o u ltrav io le t-ab so rh in g  and  
te trazo liu m -red u c in g  frac tio n s . Since its  m ob ility  was th e  sam e as th a t  o f 
s ta n d a rd  cortisol c h ro m a to g rap h ed  sim u ltan eo u sly  (R F 0.40), F rac tio n  I  w as 
co n sid e red  as cortiso l co n cen tra tio n . T h e  p lasm a of p ig le ts w ith  en te ric  coli- 
bacillosis con tained  over te n  tim es as m u ch  cortiso l as d id  th e  p lasm a sam ples 
from  con tro l an im als (see T ab le  I).

A tte m p ts  fa iled  to  id en tify  F ra c tio n  I I  w ith  th e  follow ing s ta n d a rd s : 
co rtiso n e , co rticoste rone , DOC, 6 /3-hydroxycortisol, 1 7 -h y d ro x y -ll-d e o x y - 
co rtico ste ro n e . T he u n id en tified  fra c tio n  w as especially  h igh  in  th e  blood 
p la sm a  of d iarrhoeic  p ig lets.

Table I

Concentrations of blood constituents in  diarrhoeic and normal piglets

Piglet
No. Sex

Age Body
weight

Plasma Blood Plasma

Total
protein pH

Standard
HCOJ cortisol

days g g/100 ml mEq/1 /j.g/100 ml

l 3 3 830 9.5 7.08 10.0 16.6

2 ? 3 910 — 6.83 6.1 28.5

3 ? 3 1050 9.0 6.73 6.8 25.0

4 3 3 920 10.5 7.04 7.3 27.7

5 3 3 900 8.4 7.07 9.4 62.5

6 9 3 1105 7.5 6.99 8.5 42.0

7 9 3 1090 7.8 7.15 11.8 20.8

8 9 3 1185 7.5 7.19 13.2 23.0

9 9 3 1070 8.3 — 13.2 25.0

10 9 3 1130 7.3 7.00 8.6 17.0

11 3 5 1030 6.8 7.09 9.6 14.0

12 9 5 1750 7.9 6.99 9.1 50.0

13 3 5 1460 9.0 6.99 7.4 42.5

14 3 5 1440 6.7 7.03 9.0 15.3

15 3 2 1125 10.8 6.98 8.8 46.1

16 9 2 1140 7.2 7.17 13.5 16.0

M ean and S.E. in diarrhoeic 8.28 7.02 9.52 29.50

piglets ± 0 .3 3 ± 0 .0 3 ± 0 .5 8 ± 3 .6 6

M ean and S.E. in controls 6.36 7.30 22.86 2.81

(n =  11) ± 0 .3 4 ± 0 .0 2 ± 0 .5 5 ± 0 .2 7

p < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1
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Discussion

The stud ies re p o rte d  here  d em o n stra te  a sign ifican t rise in the  cortiso l 
leve l o f piglets w ith  severe en te ric  colibacillosis w hen  co m p ared  w ith  values of 
co n tro l anim als. A lth o u g h  th e  h aem o co n cen tra tio n  of th e  d eh y d ra te d  an im als 
m a y  have some ro le  in  th is  phenom enon , th e  re la tiv e ly  sm aller change in  
p la sm a  volum e c a n n o t be responsib le  for th e  ten fo ld  rise  o f c ircu la ting  h o r
m one  level. The h ig h  cortiso l co n cen tra tio n  is an  in d ex  o f increased  ad ren o 
co rtica l a c tiv ity  a n d  ch a ra c te ris tic  o f a stress cond ition . I t  w ould  he of in te re s t 
to  exam ine  th e  n a tu re  o f th e  stresso rs responsib le  fo r s tim u la tio n  of th e  p i tu i
ta ry -a d re n o co rtic a l sy stem . T he find ings of th e  p re se n t s tu d y  an d  th e  li te ra ry  
d a ta  referred  here  w ould  seem  to  ind ica te  a p a th o m ech an ism  of stress cond i
tio n  along th e  fo llow ing lines:

I t  has been  suggested  th a t  th e  p rim a ry  ev en ts  in  th e  pathogenesis o f 
d ia rrh o ea  are cau sed  b y  “ e n te ro to x in ” , a to x in  or g roup  of to x in s  p roduced  
b y  en te ro p a th o g en ic  s tra in s  of E . coli ( S m i t h  an d  H a l l s , 1967). E n te ro to x in  
a p p e a rs  to  be d is tin c t from  classical lipopo lysaccharide  en d o tox in , w hich is 
in v o lv ed  more in  th e  te rm in a l ev en ts  of disease. I t  is ju s t  possible th a t  e n te ro 
to x in  m akes th e  in te s tin e  m ore perm eab le  to  th e  passage o f endotoxin . I t  is 
k n o w n  th a t  en d o to x in  derived  from  E . coli s tra in s  is ab so rb ed  con tinuously  
in to  th e  blood s tre a m  in shocked  anim als ( R a v i n  an d  F i n e , 1962). Y e t, th e  
o rgan ism  is n o t defenceless a g a in s t en d o to x in ; th is  can  be rem oved  from  th e  
b lo o d  b y  th e  cells o f th e  re ticu lo en d o th e lia l sy stem . H ow ever, if  th e  re ticu lo 
en d o th e lia l system  is in ju red  b y  hypox ia , d e fic ien t b lood  flow , etc., as in 
p ig le ts  w ith  en te ric  colibacillosis, its  ab ility  to  d e tox ify  en d o to x in  is reduced . 
C onsequen tly , a s ig n ifican t p a r t  of th e  end o to x in  abso rbed  rem ains free in 
th e  c ircu la tion  to  e x e r t  its  effects on o th e r h o s t tissues. A m ong these is th e  
v e ry  ch a rac te ris tic  response  o f ad ren a l co rtex  to  en d o to x in . R ecen t s tud ies 
( D a v i s  and  C o l m a n o , 1971) h av e  d e m o n s tra te d  th a t  p lasm a  corticosterone 
increases in w ean ling  pigs a fte r  in jec tion  o f  E . coli en d o to x in . Since hypo- 
p h y sec to m y  abolishes th e  stress in g  effect of en d o to x in , th e  endo tox in  does 
n o t  a p p ea r to  a c t d ire c tly  upon  th e  ad rena l co rtex . I t  is m o st likely  th a t  en d o 
to x in  causes an increase  of p lasm a  co rticostero ids b y  ac tin g  on th e  h y p o 
th a la m ic -p itu ita ry -a d re n a l axis a t  th e  level o f th e  nervous system  ( M o b e r g ,

1971).
In  ad d ition , it  should  be em phasized  th a t  change in  th e  “ in te rn a l en 

v iro n m e n t”  of th e  cells (hypox ia , acidosis, hypovo lem ia , e tc .) m ay  also a c t as 
s tre ss in g  agen t, s tim u la tin g  th e  secretion  of co rtico ste ro id  horm one. T hus, it  
seem s possible th a t  th e  increased  cortisol co n cen tra tio n  in d iarrhoeic p ig lets 
is a consequence o f b o th  en d o to x in  abso rp tion  an d  im balance  of hom eostasis.

Ju d g in g  from  th e  resu lts o f th e  p re se n t in v es tig a tio n , i t  appears th a t  
th e re  is no reason to  susp ec t th a t  th e  ra p id  an d  fa ta l  course o f illness is connect-
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ed  w ith  ad renal insu ffic iency  of th e  a ffec ted  piglets. T he ad ren a l c o rtex  o f th e  
n e o n a ta l  pig secretes su b s ta n tia l  q u a n tit ie s  of cortiso l, even  a t  th e  te rm in a l 
s ta g e  o f illness, in d ica tin g  th a t  th e  a d ren a ls  are still fu n c tio n in g  a t  n o rm a l lev 
el. M ost recen tly  a sim ilar o b se rv a tio n  h as  been m ade on d iarrhoeic  calves: 
th e  sig n ifican tly  e leva ted  p lasm a 17 -h y d ro x y co rtico ste ro id  level w as suggestive 
o f  ra ise d  ad renocortica l a c tiv ity  ( D v o r a k , 1971). I t  is h a rd ly  to  be expected  
t h a t  exogenous horm one a d m in is tra tio n  w ould be v e ry  effective in th e  t r e a t 
m e n t o f  th e  severe fo rm  o f b a b y  p ig le t en te ritis .

SUM M ARY

The level of circulating cortisol horm one was measured in plasm a of 16 p iglets, 3— 5 
days o f  age, affected w ith a severe form o f naturally  occurring enteric colibacillosis. A t the  
sam e tim e, 11 clinically hea lthy  piglets o f th e  sam e age served as controls. Tenfold higher 
cortisol levels were noted in the plasm a of diarrhoeic animals than in that o f controls. This 
rise is an index of increased adrenocortical a c tiv ity  at the term inal stage of illness.
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Introduction

The observation th a t 2,6-dihydroxybenzoic acid-4’-brom anilide (Terenol, Farbwerke 
H oechst AG, Frankfurt/M ) possesses vigorous param phistom icidal properties is o f fairly 
recent origin. Prelim inary critical tests conducted by the m anufacturer on sheep and calves 
as well as later experim ents by L ämm ler et al. (1969) on kids have dem onstrated th at  
in a dose of 65 m g/kg b od y  w eight the drug can alm ost com pletely  elim inate both juvenile  
param phistom es living in th e  sm all intestine and adults established in the rumen.

The p resen t p a p e r  is a rep o rt on th e  effic iency  of Terenol in  th e  t r e a t 
m en t o f c a ttle  w ith  n a tu ra l  rum inal p a ram p h is to m e  in festa tions.

Material and methods

T he ex p e rim en ta l g roup  of 80 in fested  an im als w as se t u p  on th e  basis 
of single in d iv id u a l coprological exam in a tio n s ca rried  ou t d u ring  D ecem ber 
1970 in  a large h e rd  o f  2 5 0 —400 kg heifers an d  a d u lt  c a ttle  lo ca ted  in  an e n 
dem ic area  of p a ram p h isto m o sis . In  J a n u a ry  1971, a ran d o m ly  selected  h a lf of 
the  group received 65 m g/kg  Terenol, th e  rem ain in g  h a lf  being left u n tre a te d  
fo r con tro l purposes. T h e  drug  was ad m in is te red  in d iv id u a lly  to  th e  chosen 
an im als as a d rench , in  th e  form  of an aqueous suspension.

T he efficiency o f tre a tm e n t was ju d g ed  b y  th re e  successive coprological 
exam in a tio n s p e rfo rm ed  on each an im al on F e b ru a ry  18—19, M arch 16—17 
and  A pril 7 — 8. T he p rocedure  em ployed w as as follow s: On th e  days in 
question , th e  m orn ing  faeces excre ted  b y  each  o f  th e  ex p e rim en ta l an im als 
was collected and  m ix ed  w ith  a little  w a te r  to  an  even consistency. F rom  
th is m ix tu re  tw o 5 g sam ples were tak en  an d  ex am in ed  p a ra lle lly  in  d ifferen t 
labo ra to ries b y  sed im en ta tio n  techn ique  (s tra in in g  across a fine  silk screen
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Table I

Trial o f the efficacy of Terenol in ruminal param phistom osis

Treated group Untreated group

Result of coprological examination Result of coprological examination

Animal 1st 2nd 3rd 4th Animal
1st 2nd 3rd 4th(before

treatment) (after treatment)

l + — - - 41 + + + +
2 + — - — 42 + - + +
3* _L — + — 43 + + + +
4 + — - — 44 + + +
5 + — — — 45* + - — +
6 + — - — 46 + + + -
7 + — - - 47 + + + +
8 + — - — 48 + + +
9 + — - - 49 + + + +

10 + — - — 50 + + + +
11* + — - — 51 + — + +
12 + — - — 52 4- — — -L1
13 + — — — 53* “Г + + +
14 + — - 54 ~r + + +
15 + — — — 55 4- + - +
16 + — — — 56 + + + +
17 + — - — 57 + + + +
18* + — - - 58 + + + -

19 —1— — - — 59* + + + +
20 + - — 60 + + — +

* Animals later inspected at slaughterhouse

in to  a conical fla sk  u n d e r  a th in  w a te r - je t , sed im en ta tio n , th en  sp read in g  on 
a m icroscope slide o f 1 m l sed im en t ta k e n  b y  p ip e tte  from  th e  b o tto m  of the  
flask ). A tre a tm e n t w as tak en  to  be successful if  in none of th e  th re e  copro- 
logical contro l ex am in a tio n s  a single P aram phistom um  egg w as fo und .

D uring  th e  su m m er of 1971, 10 of th e  an im als from  th e  e x p e rim e n ta l 
g roup  (6 tre a te d  a n d  4 u n tre a te d ) w ere sen t for s lau g h te r, th e re b y  p rov id ing  
an  o p p o rtu n ity  to  check  on th e  efficacy  of tre a tm e n t b y  co u n tin g  th e  w orm  
b u rd en s .

R esults

The outcom e of th e  in v es tig a tio n s  is sum m arized  in th e  tw o  tab les. 
T h e  d a ta  p resen ted  th e re  a t te s t  to  th e  excep tionally  pow erfu l p a ra m p h is to -
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of cattle: results o f coprological exam inations

Treated group

Animal

Result of coprological examination

Animal1st
(before

treatment)

2nd 3rd 4th

(after treatment)

21 + — — — 6 i

22 + — — — 62

23 + — — — 63

24 + — - 64

25 + — — — 65

26* + + — — 66*

27 + — — — 67

28 + — — — 68

29 + - — — 69

30 + — — — 70

31 + — — — 71

32 + - — - 72

33 + — — — 73

34 + — — — 74

35 + — — — 75

36 + — — — 76

37 + - - — 77

38* + + + -b 78

39 + - — — 79

40* + + + - 80

Untreated group

Result of coprological examination

+
4-

+

+
+

+
+
+
+

+

+
+
+
+

+

+

+
+

+
+
+
+

+
+

+
+
+

+
+
+
+

+

+

+
+
+
+
+
+
+

+

inicidal ac tion  of T erenol in 65 m g /kg  dose.* F ro m  th e  resu lts  of the  coprological 
ex am in a tio n s i t  m ay  be concluded  th a t  a single th e ra p e u tic  in te rv en tio n  r id  
90 .0%  of th e  m ed ica ted  an im als o f th e ir  w orm  burdens. E ven  th e  figures fo r 
th e  fo u r an im als (Nos 3, 26, 38 an d  40) found  to  be still in fec ted  a t  coprological 
ex am in a tio n  do n o t spoil th is  exce llen t re su lt, fo r inspection  a t  th e  s la u g h te r
house d e m o n s tra te d  th a t  in  th e se , too , th e  ru m in a l w orm  b u rd en  h ad  been 
su b s ta n tia lly  reduced . T hus w hereas an  average  of 45.2 w orm s was recovered  
from  these  fo u r anim als a t  s lau g h te r , th e  average  n u m b er found  in  fou r u n 
tre a te d  an im als a t  m uch th e  sam e tim e  w as 288.5 (see T ab le  I I ) .  I t  seem s

* Species determ ination was carried out on worm s deriving from a few  random ly  
selected hosts only, but in all cases the parasites proved to  be Param phistom um  microbothrium. 
As all the cattle  used in the experim ent originated from the same area, it  is presumed th a t this 
was the only species involved.
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Table  II

Trial o f the efficacy of Terenol in rum inal param phistom osis o f cattles 
results o f P.M. investigation

Animal Time of slaughter No. of worms found 
in rumen

3

Treated group 

5. 5. 1971 30

и 5. 5. 1971 0

18 10. 6. 1971 0

26 10. 6. 1971 121

38 23. 7. 1971 96

40 18. 6. 1971 41

45

Untreated group 

29. 4. 1971 56

53 7. 7. 1971 632

59 2. 6. 1971 406

66 30. 6. 1971 60

t h a t  in  these  cases th e  tre a te d  an im als d id  n o t receive a dose of T ereno l cor
resp o n d in g  to  th e ir  bo d y  w eight.

No u n d esirab le  side-effects w ere n o te d  am ong th e  m ed ica ted  an im als, 
a n d  a p p e tite  an d  m ilk  yield w ere u n d is tu rb e d .

D iscussion

T he resu lts  sum m arized  in th e  tab le s  confirm  th e  observations m ade in 
th e  m a n u fa c tu re r’s p re lim in ary  tr ia ls  ( D ü w e l , personal com m unication ,
1970), and  b y  L ä m m l e r  e t al. (1969) t h a t  T ereno l has a pow erfu l action  ag a in st 
b o th  young an d  a d u lt p a ram p h isto m es. T he p rep a ra tio n  therefore  prom ises 
to  be an effective in s tru m e n t in th e  h an d s  o f th e  p rac tis in g  v e te rin a rian  for 
co m b a tin g  a h e lm in thosis  th a t  in  p rac tice  has p roved  re s is ta n t to  h ith e r to  
k n o w n  an th e lm in tic s .

V arious d ru g s have  been reco m m en d ed  in  th e  p a s t fo r use ag a in st p a ra m 
ph is to m es, b u t  th e  n u m b er of th o se  w hich could claim  to  have led to  m ore or 
less successful cures is re la tiv e ly  sm all. G r e t i l l a t  an d  D a u m a s  (1955) applied  
d isp ersed  N a a lk y l su lpha te  ag a in s t a d u lt flukes, while B o s m a n  e t al. (1961) 
re p o r te d  on o b ta in in g  some success w ith  h exach lo rophene. In  in v estig a tio n s 
w ith  F reon , F reo n  B U  (du P o n t De N em ours), hexach lo rophene, P ro m in tic  
[2 -(/l-m eth o x y e th y l)p y rid in e] an d  L in te x  [N -(2’-ch lor-4 -n itropheny l)-5 -ch lo r-
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salicy lam ide] a g a in s t bovine and ov ine  p a ram p h is to m o sis , H o r a k  (1962, 
1964) found  th a t  a lth o u g h  all the p re p a ra tio n s , w ith  th e  exception  of F reon , 
h ad  a p a ram p h is to m ic id a l effect, th is ac tio n  w as in  no case a t  a level suffic ien t 
to m eet th e  d em an d s p u t  on a m odern a n th e lm in tic .

F reon  B U  a c ts  on  a d u lt p a ram p h is to m es alone, w hile a single ap p lica 
tio n  o f hex ach lo ro p h en e  or P rom intic  can  be ex p ec ted  to  h av e  only 4 3 —4 5 %  
efficacy, and  L in te x  h as  a sa tisfac to ry  effect on ly  on p a ram ph istom es in th e  
sm all in testin e  and  abom asum .

SUMMARY

2,6-dihydroxybenzoic acid-4’-bromanilide (Terenol, Farbwerke H oechst AG , Frank
furt/M .) proved an e ffective  treatm ent for rum inal param phistom osis o f cattle. Applied  
orally in a dose of 65 m g/kg body weight, the drug com pletely  elim inated the param phistom e 
burdens out 36 of o f 40 (90 .0% ) naturally in fested  anim als.
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РЕЗЮМЕ

ЗАРАЖЕНИЕ ЦЕСАРОК ВИРУСОМ ИНФЛЮЭНЦЫ ТИПА-А

я. Т А Н И

Описаны эндемические вспышки — две в 1969-ом и одна в 1970-ом годах — инфлю
энцы среди цесарок. Первых два изолята показывали антигенное сродство с вирусными 
штаммами Duck (England) 62 и Quail (Italy) 65, а третий изолят с последним штаммом. 
В лабораторных пассажах первым изолированный штамм постепенно терял сродство со 
штаммом Duck (England) 62 и наконец стал неотличимым от третьего изолированного 
штамма.

Определение вирусных штаммов осуществлялось в течение 14 месяцев на территории 
одной хозяйственной здиницы радиусом в 8 км. Во время этих поисков за вирусными штам
мами регистрированы вспышки заболования в поголовьях несушек и молодняка по 4—6 
тысяч штук. Заболевание сопровождалось понижением продукции и падежем животных. 
У бессимптомно погибших животных при вскрытии обнаруживались гиперимия, крово
течения, воспаление и перерождение внутренних органов, фибринозное воспаление возду
хоносных мешков и серозных оболочек. При двух эндемиях пробой торможения гем- 
агглютинации во всех образцах крови обнаружены антитела.

После 4-х пассажей первый изолированный вирусный штамм был патогенен только 
для дневных цесарчат и индюшат и молодняка цесарки. Но зато в разных группах боль
шинство искусственно и путем контакта зараженных животных, как то, курах, утках, 
индейках, цесарках, мышах и морских свинках, антитела обнаруживались.

Чувствительность вируса к температуре и другие свойства напоминают свойства 
родственных вирусов.

Это первый случай в мире изоляции вируса инфлюэнцы из цесарок и первый случай 
изоляции вируса птичьей инфлюэнцы в Венгрии.

КОЛИЧЕСТВЕННЫЕ ИЗМЕНЕНИЯ СРЕДИ КИШЕЧНЫХ КЛОСТРИДИЙ У РАНО 
ОТБИТЫХ, БОЛЕЮЩИХ КОЛИБАЦИЛЛЕЗОМ ПОРОСЯТ

Д ь ^  Ш И Н К О В И Ч

Сравниваются некоторые методы изоляции нескольких анаэробных микробов ки
шечной флоры поросят. В количестве споровой и вегетативной форм изолированных 
разными методами клостридий у здоровых поросят имелась разница только в толстом 
отделе кишечника, тогда как такой разницы в количестве этих двух физиологических фаз в 
тонком отделе кишечника не обнаружено.

При колибациллезной энтеротоксимии наблюдается мобилизация клостридий 
тонкого отдела кишечника, доказательством чего является увеличение количества веге
тативных форм за счет спор. Данное явление наблюдается только в тонком отделе кишеч
ника и исследованием испражнений этой разницы нельзя выявить. Автор считает возмож
ным, что образующийся при размножении клостридий токсин усугубляет колибациллезную 
энтеротоксимию.



РЕНТГЕНАНАТОМИЯ КОСТЕЙ ЧЕРЕПА СОБАКИ

Дь. КОВАЧ, Л. ГЛОС и М. ГЕРТНЕР

При фронтобазальном и синистродекстральном направлениях лучей приготовлены 
рентгеновые снимки с длинным фокусным расстоянием костей черепа долихокефальных, 
мезокефальных и брахикефальных собак. При обоих направлениях лучей определен пункт 
падения центральных лучей. Ради лучшего понимания рентгеноанатомического положения 
костей черепа дается их краткое анатомическое описание с учетом рентгеноанатомической 
точки зрения. Авторы описывают главным образом те контуры костей черепа, которые осо
бенно важны с клинической точки зрения. Рентгеновыми снимками и рисунками контуров 
иллюстрируется детальное описание костей черепа: на них описанные в тексте тени и кон
туры обозначены цифрами.

НАБЛЮДЕНИЯ ПО ВЫЛУПЛЕНИЮ СПОРОЗОИТОВ У КОКЦИДНОГО ВИДА
EIMERIA STIEDAI

У. ДЮРР, Г.-Г. ХОЙНЕРТ, Б. МИЛТАЛЕР и Г.-К. ГАЛЛЭ

При помощи киносъемки велись in vitro наблюдения по вылуплению живых споро
зоитов из спороцист вида Eimeria stiedai. При инкубации в смеси из трипсина и желчи 
наблюдается живое движение спорозоитов в спороцистах еще до начала вылупления. 
Последнее начинается разыскиванием микропилэ спороцисты передним концом спорозоита. 
Наиярче бросающееся в глаза явление при вылуплении — это высовывающееся из микро
пилэ утончение апикального конца вылупляюещегося спорозоита, достигающего иногда 
длины 4 /г. Вылупление первого спорозоита всегда длится дольше второго. Наблюдались 
единичные спорозоиты, вылупляющиеся задним концом и случаи, когда оба спорозоиты 
пытались вылупиться из спороцисты одновременно.

К КЛИНИКЕ БОЛЕЗНИ РУБАРТА

3. ХОРВАТ, Ф. КАРШАИ и Л. ПАПП

Резюмируются наблюдения авторов по клинике и лабораторным исследованиям 
болезни Рубарта.

Тщательно изучена клиника болезни на 36 собаках возраста 1/2— 1 1/2 года, заразив
шихся в естественных условиях, на 19 животных среди них проводились и лаборатор
ные исследования. Авторы различают подострую, острую и полуострую формы болезни. 
Подострая форма из-за очень быстрого течения ветеринарным врачом редко регистрируется. 
Для клиники этой формы характерны сильное увеличение печени, угнетение, рвота, вы
сокая температура; лабораторным исследованием выявляется лейкопения. Течение острой 
формы болезни длится 3—5 дней при наличии желтухи, кровотечений на слизистых обо
лочках, увеличении печени и чувства болезненности в области печени. Среди существенных 
показателей лебораторных исследований имеется повышение активности SQPT, SGOT, 
щелочной фосфатазы, количества билирубина и сахара в сыворотке и уменьшение количе
ства эритроцитов. В моче появляется белок. Течение полуострой формы длится 6—14 дней. 
В большинстве случаев имеется сильная желтуха, интенсивные кровотечения на слизистых 
оболочках и в коже (кровяной диатез). В кровяной картине преобладает нейтрофилия и 
лейкоцитоз; впрочем результат лабораторных исследований таков же как и при острой 
форме. В моче появляется и кровь, состав же осадка напоминает нефрит. Характерная 
клиника со стороны глаз (иридоциклит и паренхиматозный кератит) имеется уже в острой 
форме, но чаще в подострой таковой.

Вопреки комплексной терапии (антисыворотка, печень защищающие средства, 
глюкокортикоиды, переливание крови и т. п.) прогноз болезни сомнителен. Среди 36 собак, 
больных болезню Рубарта, погибло 22. Особенно чувствительны к болезни собаки моложе 
пол года и старые таковые.



ЭФФЕКТ ОБЛУЧЕНИЯ НА ЭМБРИОНАЛЬНОЕ И ПОСТЭМБРИОНАЛЬНОЕ 
РАЗВИТИЕ AMIDOSTOMUM ANSERIS (ZEDER, 1800)

Д. В. ФУК И И. ВАРГА

Развитие яиц Amidostomum anseris было приостановлено на разных стадиях облу
чением разными дозами лучей гамма — от 5 до 160 килорад. Пропорционально с повышени
ем дозы все больше яиц останавливалось на стадии неправильной морулы, показывающей 
неправильное дробление и содержащей вакуоли. Значительное количество личинок не 
вылупилось, остальные же не были способными полностью совершить вторую линьку (См. 
сн. 3). Облучение лишало инвазионных личинок инвазирующей способности, из совер
шавших инвазию вырастали стерильные самки и в популяции червей наблюдался резкий 
сдвиг в пользу самок. Наблюдалось тоже заметное уменьшение размеров червей. Патоген
ный эффект А. anseris можно существенно снизить облучением инвазионных личинок 
дозой прибл. 40 крад гамма лучей.

ВЛИЯНИЕ НЕКОТОРЫХ ПОБОЧНЫХ ПРОДУКТОВ С- X ПРОМЫШЛЕННОСТИ
НА СЕМЯ ПЕТУХОВ

Дь. ЛЕНЧЕШ

Практически не было разницы в привесах и характера семени (концентрация и 
жизненность живчиков, обмен живчиков на основании времени редукции метиленовой 
синьи) петушков контрольной и двух экспериментальных групп, содержавшихся в течение 
10 месяцев на рационах, содержавших 10% жмыха семени индийского растения Shorea 
robusta и 60% частично или полностью испорченной пшеницы вместо 60% кукурузы кон
трольного рациона, соответственно. На основании полученных данных автор приходит к 
заключению рекомендовать применение упомянутые дешевые корма в показанной кон
центрации вместо дорогой кукурузы в кормлении племенных петухов. Это снизит себестои
мость продукции в птицеводстве.

КОНЦЕНТРАЦИЯ КОРТИЗОЛА В СЫВОРОТКЕ КАК ПОКАЗАТЕЛЬ ФУНКЦИИ 
КОРЫ НАДПОЧЕЧНИКОВ У ПОРОСЯТ С КИШЕЧНЫМ КОЛИБАЦИЛЛЕЗОМ

Ф. КУТАШ, МАРИЯ КОЗМА, Й. САБО и ЛИДИЯ КОВАТШ

Уровень циркулирующего гормона кортизона определялся у 16 поросят 3 ^  5-дневно- 
го возраста, страдающих от тяжелого клинического колибациллеза. Контрольными служи
ли 11 клинически здоровых поросят такого же возраста. В сыворотке поросят с поносом 
обнаружен в десять раз высший уровень кортизола, чем в сыворотке контрольных живот
ных. Такое повышение уровня гормона является показателем усиления адрено-кортико- 
идной активности на последней стадии болезни.

ЭФФЕКТИВНОСТЬ ТЕРЕНОЛА ПРИ ДЕГЕЛЬМИНТИЗАЦИИ ЕСТЕСТВЕННОГО 
РУБЦЕВОГО ПАРАМФИСТОМОЗА КРУПНОГО РОГАТОГО СКОТА

Т. КОБУЛЕЙ и Й. УДВАРХЕЙИ

2,6-дигидроксибензойнокислый-4’-броманилид (Теренол, А. О. Хэст, Франкфурт) 
является эффективным средством против хронического парамфистомоза крупного рогатого 
скота. Разовым введением 65 мг/кг препарата через рот авторы добились 90,0%-ной Э. Э- 
среди кивотных, инвазировавшихся парамфистомами в естественных условиях.
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EIMERIA MRIGAI N. SP. (EIMERIIDAE: SPOROZOA) 
IN RLACK BUCK (ANTELOPE CERVICAPRA)

B y

B. P. Pande, P. P . S. Chauhan, B. B. Bhatia and G. S. Arora

U. P. College of V eterinary Science and Anim al H usbandry, Mathura, India 

(Received M ay 15, 1971)

The first eimerian species described from  an antelope is E i m e r i a  a n te lo c a p r a e  H uizinga  
1942 (from A n t i l o c a p r a  a m e r i c a n a ) .  Subsequently, E .  a n t e lo c e r v i  R ay and Mandai, 1960 was 
recorded in the black buck ( A n t e lo c e r v u s  c a p r a e / A n t e l o p e  c e r v i c a p r a ) . Oocysts identical to E .  
c h e e ta l i  Bhatia, 1968 in A x i s  ( C e r v u s )  a x i s  were recovered from  th is host (B h a t ia , 1968) and 
have subsequently been found in G a z e lla  g a z e l l a .  In these three species, the oocysts, though  
possessing a micropyle, lack  a polar cap.

Of the species described from wild cervidae and bovidae, the oocysts in tw elve lack a 
m icropyle, in twenty-four others a micropyle is present and in tw o cases a micropylar cap is 
also present (P e l l é r d y , 1965). To this list E .  t r a g o c a m e l i s  has to be added. This species has re
cently been described from nilgai ( B o s e l a p h u s  t r a g o c a m e lu s )  in w hich the thin narrower end of  
th e  oocystic  wall was suggestive  o f a m icropyle (B h a tia , 1968).

T he rec ta l sam p le  availab le  fro m  an a n te lo p e  (b lack  buck), sh o t on 
28. 10. 1968, y ielded n u m ero u s oocysts w hich, a f te r  s tu d y , p roved  to  belong to  
a new  species described  as E im eria  m rigai n. sp . T h e  nem atodes th a t  w ere 
ava ilab le , included  23 specim ens of H aem onchus contortus , 36 of B unostom um  
trigonocephalum  an d  12 o f Trichostrongylus colubriform is.

Materials and methods

T he a lim en ta ry  t r a c t  o f the  b lack  buck , ex am in ed  som e hou rs  a fte r  th e  
h u n t, exh ib ited  signs o f  postm o rtem  changes th o u g h  th e  th ick en ed  an d  severe
ly  congested  p a tch es y ie ld ed  th e  oocysts and  g am e to cy tic  stages. T he sm ears 
from  th e  rec ta l c o n te n ts  were ex am in ed  d irec tly  a n d  a fte r  cen trifu g a tio n . A 
sm all q u a n tity  was, a f te r  s tra in in g , le f t in  2 .5%  p o ta ss iu m  d ichrom ate  so lu tion . 
E x a m in a tio n  of sc rap in g s from  th e  lesioned p a tc h e s  in  th e  je ju n u m  yie lded  
oocysts and  some o f th e  o th e r endogenous stages. A few  pieces were fixed  in 
10%  form alin  for h is to lo g ic  s tu d y . T h e  5 — 6 p  th ic k  se ria l sections were s ta in ed  
w ith  E rh lich ’s h a e m a to x y lin  and eosin . D raw ings w ere m ade w ith  th e  help  of 
a Spencer’s cam era lu c id a  under o il-im m ersion  o b jec tiv e  o f an  O lym pus phase- 
c o n tra s t m icroscope w ith  15 X eyepiece. M orphological details o f th e  sporo- 
cysts  an d  th e  spo rozo ites, libera ted  a f te r  tre a tm e n t o f  th e  sp o ru la ted  oocysts 
w ith  5%  try p sin  (p H  a d ju s te d  betw een  7 — 8) follow ed b y  gentle pressure w ith  
th e  needle on th e  coverslip  p rep a ra tio n s , w ere observ ed .

C onstan t e x a m in a tio n  of th e  sp o ru la tin g  oo cy sts  enab led  an  ap p ra isa l 
of th e  sequence in  th e  spo ru la tion  process of th e  sp o ro n t.
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Observations

E im eria  m rigai n. sp.

T he ellipso idal/ovoidal oocysts (50 m easured), w ith  a doub le-co n to u red  
w a ll, m easured  39—55 p  in len g th  (m ean  48.5 p) an d  26 — 32 p  in  w id th  (m ean 
29 .6  p). The len g th -w id th  ra tio  w as 1 .4—1.8 (m ean 1.6) (F igs 1 to  7). T he 
sm o o th  oocyst w all, o f 1.6 —2.3 p  (m ean  1.6 p) th ickness, h ad  a lig h t yellow ish- 
g reen  o u te r  layer of 1.2 —1.6 p  th ick n ess  an d  a th in  inner ye llow ish-brow n lay er

F ig. 1 — 4. 1, Unsporulated oocyst. 2, Sporulating oocyst w ith large refractile globules at ihe  
periphery and the two daughter nuclei. 3, Sporulating oocyst showing the beginning of cleavage 

lines. 4, Sporulating oocyst w ith  four round protoplasm ic m asses
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o f 0.4 — 0.7 //th ic k n e ss . A m icropyle o f  5 — 8 // in w id th  (m ean 6.5 /х), carried  a 
p ro m in en t b u t  t ra n s p a re n t  and  a som ew hat he lm et-sh ap ed  cap of 13 — 18 /xx2 —3/x 
size (m ean 15.6 /iX  2.6 /x). A tenue b o d y  p re sen t as an  irreg u la rly -sh ap ed  clum p 
of d a rk  b u t  large re fra c tile  granules ly in g  ju s t  b en ea th  th e  m icropy le , b o th  in 
th e  u n sp o ru la ted  an d  sp o ru la ted  o ocysts . O ocyst residuum  ab sen t. S p o ru la 
tio n  com pleted  in seven  days under ro o m  te m p e ra tu re . Sporocysts ellipsoidal, 
w ith  th e  n arrow er en d  capped  by  a th in  d a rk S tie d a  b o d y  m easured  19—23 /x 
in  len g th  (m ean 21 /x), 9 — 10 /< in w id th  (m ean  9.8 /x) a n d  w ith  th e  le n g th -w id th  
ra tio  o f 2.0 — 2.4 (m ean  2.2) (Figs 7 a n d  8). S po rocyst residuum  p resen t as 
d a rk  granu les d ispersed  a round  the  sporozo ites or occu rring  in  sm all clum ps 
a t  th e  poles an d /o r in  th e  centre. S porozo ites e longate , of 16—18 / tx 3 .9  // 
(m ean  17 /xX 3.9 /x) size, w ith  one end p o in te d  and  th e  o th e r b ro ad  — th e  b road -

Fig. 5— 9. 5, Sporulating oocyst with the pyram idal shape of the four developing sporoblasts. 
6 , Sporulating oocyst w ith  four ellipsoidal sporoblasts. 7, Sporulated oocyst w ith four sporo- 
cysts — each w ith two sporozoites and a sporocystic  residuum. 8, Sporocysts. 9, Sporozoites
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er en d  carry ing  a la rg e  re frac tile  g lobule , w ith  one or tw o sm aller re frac tile  
g lobules p resen t to w a rd s  th e  o th e r en d , an d  th e  nucleus s itu a te d  n ea rly  in  th e  
c e n tre  betw een th e  tw o  globules (F ig . 9).

In  th e  d iv ision  o f  spo ron t, th e  in it ia l  stage consisted  o f a large c e n tra l 
a n d  coarsely  g ran u la r  m ass of an  a lm o s t spherica l or ovoid  sh ap e  an d  w ith  a 
p ro m in e n t vesicu lar n uc leus occupy ing  a lig h te r a rea  in  th e  m idd le  (F ig . 1).

F ig. 10—12. 10, M icrogam étocytes: a, youngest; b, im m ature — both w ith  host-cell nucleus; 
c, m ature with rod-like m icrogam etes. 11, M acrogam etes. 12a, Capped oocyst inside an ep i

thelial cell w ith  its pushed nucleus; b, Capped oocyst detached from  the lining

W ith  its  subsequent c o n trac tio n , la rg e  re frac tile  globules ap p ea red  along th e  
p e r ip h e ry  and th e  n uc leus h ad  d iv ided  in to  tw o d au g h te r  nuclei (Fig. 2). 
Fo llow ing  th e  ap p e a ra n ce  o f th e  lines o f  c leavage, th e  sp o ro n t p roduced  fo u r 
p ro to p lasm ic  m asses — each  carry ing  a n u m b er o f re frac tile  g lobules (Fig. 3). 
L a te r ,  four rounded  sp o ro b lasts , w ith  m a n y  globules o f d iffe ren t sizes (F ig. 4), 
deve loped  an d  su b se q u e n tly  assum ed  a p y ram id a l form  w ith  th e  n a rro w er 
an g le  carry ing  a d a rk  p o in t th e  p recu rso r of th e  S tieda bo d y  (th e  body  o f 
S chne ider, according to  V e t t e r l in g , 1968 ; Fig. 5). F u rth e r  d iffe ren tia tio n  of th e
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spo rob lasts  resu lted  in  th e ir  ellipsoidal shape an d  c a rry in g  num erous globules 
(F ig . 6). W ith  th e  d ev e lo p m en t of a m em b ran e  a ro u n d  these  spo rob lasts , tw o 
sporozo ites and a g ra n u la r  residuum  h a d  ap p e a re d  in  each spo ro cy st (Fig. 7). 
Tw o o r th ree  large re f ra c tile  globules a n d  a sm all nucleus in  th e  cen tre  becam e 
d is tin c t in each sp o ro zo ite .

In  add itio n  to  th e  c h a rac te ris tic a lly  cap p ed  oocysts, m icrogam étocy tes 
an d  m acrogam etes o ccu rred  in d iffe ren t d ev e lo p m en ta l stages inside th e  v illa r 
ep ith e lia l cells of th e  je ju n a l  region o f  th e  sm all in te s tin e . In  num erous sections 
s tu d ied , these inc lu d e : a m atu re  m icrogam étocy te  o f 33 X 31 /i an d  fu ll o f n u m e r
ous rod-like and  2.0 — 2.5 long m icrogam etes (F ig . 10c) — m an y  im m atu re  
m icrogam étocy tes ra n g in g  betw een 25 — 30 fiX 2 0 —30 (i (Fig. 10b) including  
th e  youngest of 1 0 .9 x 7 .3  ц  in d im ensions (F ig . 10a); m acrogam etes of 24 — 38 p  
X 18 — 27 p  (m ean 27 .5  p X  22.2 p)  size an d  w ith  p ro m in en t p las tic  granules 
an d  a cen tra l n uc leus (F ig. 11); a n d  oocysts o f 3 0 —50 р Х П — 30 p  in  size 
(m ean  37.5 /iX 2 1 .0  p) (Fig. 12). H y p e rtro p h ie d  nucle i of th e  a tta c k e d  h o st 
cells w ere observed  in  a ll these s tages.

D iscussion

On accoun t o f  th e  shape an d  th e  genera l co lour of th e  oocysts and  th e  
p resen ce  of a m ic ro p y le , a polar cap an d  th e  sp o ro cy st re siduum , our oocystic  
m a te r ia l shows som e resem blance to  th e  th ree  e im erian  species (know n from  
w ild cervidae an d  b o v id ae  as also dom estic  ru m in a n ts ); E . sordida  S upperer 
an d  K u tzer, 1961 (from  Cervus elaphus, red  deer); E . yakim offm atschou lskyi 
S u p p ere r and  K u tz e r , 1961 [from R u p ica p ra  (  =  C apella) rupicapra, cham ois]; 
a n d  E . brasiliensis T o rres and R am os, 1939 (from  Bos taurus  an d  Bubalus  
bubalis, ca ttle  a n d  bu ffa lo ). The p re se n t oocysts a re , how ever, d istingu ishab le  
from  all the  th ree  species. T hough th e  e llip tica l oocysts are  sm aller in size in  
E . sordida  and  E . ya k im o ffm a tschou lsky i an d  h a v e  a sh o rte r spo ru la tio n  tim e , 
th e  descrip tion  o f th e se  tw o species ap p ears  in com ple te  as p a rtic u la rs  ab o u t th e  
size o f th e  sp o rozo ites, th e  presence or absence o f a S tied a  b o d y  an d  a te n u e  
b o d y  are lacking. F ro m  the  av a ilab le  acco u n ts , E . sordida  appears d is tin c t 
because th e  o u te r  oocystic  w all is ro u g h  ‘so rd id ’; a po la r g ranu le  is p resen t, 
a n d  th e  sporozoites a re  sm aller. I n  E . yakim o ffm a tsch o u lsky i, th e  differences 
re la te  to  a c o m p a ra tiv e ly  th in n e r c h a ra c te r  o f its  oocystic w all, th e  easily  
de tach ab le  n a tu re  o f  th e  polar cap  a n d  a m uch  sm aller size of th e  sporocysts. 
T h e  oocysts an d  i ts  co n ta in ed  s tru c tu re s , in  E . brasiliensis, h av e  sligh tly  sm aller 
sizes, th e  oocystic  w all is th in n e r a n d  th e  te n u e  b o d y  consists o f a hom ogeneous 
a n d  g ranu la r p ro to p la sm ic  m ass. A ccord ingly , th e  p re sen t m a te ria l is assigned 
to  a new  species, E im eria  mrigai w h ich , because of th e  capped  ch arac ter o f its  
oocysts, is d is tin g u ish ab le  from  E . antelocervi a n d  E . cheetali, described from  
th e  In d ian  an te lo p e . T he o ther d is tin c tiv e  fea tu re s  in  E . antelocervi, a re : th e
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cy lin d rica l shape an d  th e  sm aller size o f th e  oocysts (28 — 34 im x 12 —16 ц), 
th e  p iriform  shape a n d  th e  sm aller size o f th e  spo ro cy sts  (10.9 f i x  6.6 /.i) (the 
m easu rem en ts  of th e  sp rozo ites h av e  n o t been given) an d  a sh o rte r  sp o ru la tio n  
tim e . E . cheetali, described  from  A x is  (C ervus) a x is , was n o t d iffe ren tia ted  
from  E . antelocervi. T he  form er, w ith  th e  sm aller dim ensions o f th e  oocysts, 
w as also encountered  in  th e  b lack  b u ck . The oocysts in th is  species, th o u g h  
w ith in  th e  sam e size-range, are e llipso idal in shape, have a th in n e r  oocystic 
w all, a w ider m icropyle an d  are  w ith  ovo ida l sporocysts. T hus, th e  th re e  species 
in  o u r b lack  buck  a re : E . antelocervi, E . cheetali an d  E . m rigai.

SUM M ARY

The sample of rectal contents from a black buck ( A n t e l o p e  c e r v i c a p r a ) , during the post
m ortem  exam ination, yielded characteristically capped eimerian oocysts which, as studied on 
unsporulated and sporulated characteristics and in the serial sections of invaded jejunum  
including the earlier gam etocytes, have been described and determ ined as belonging to a new 
species. E i m e r i a  m r i g a i  which has been differentiated from the allied forms hitherto known  
from  the wild cervidae and bovidae and the dom estic rum inants. To the two eim erian species 
so far described from A n t e l o p e  c e r v i c a p r a , a third species has been added.

*

A c k n o w l e d g e m e n t .  — Thanks are due to Principal o f the College for the facilities provided and 
to Dr. L. P ellek d y  of the H ungarian A cadem y o f Sciences for his suggestions.
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A NEW GENUS AND SPECIES OF CRYPTOSPORIDIID 
COCCIDIA FROM INDIA

B y

B. P . P a n d e ,  B. B. B h a t i a  and P . P . S. C h a u h a n ,

U. P. College o f  Veterinary Science and Anim al H usbandry, M athura, India 

(Received M ay 15, 1971)

The asporous and tetrazoic coccidian oocysts are know n in  the genus C r y p t o s p o r i d i u m  
Tyzzer, 1910 (C r y p t o s p o r i d i i d a e  Poche, 1913) [W e n y o n  (1965-facsim ile o f 1926 edition: L e 
v in e , 1961)]. H oare (1956) has, however, reduced C r y p t o s p o r i d i i d a e  to a subfam ily status 
under E i m e r i i d a e  (M inchin, 1912) Poche, 1913. This classification has been follow ed by D a v ies  
et a l .  (1963) and P e l l Ér d y  (1965). Five species so far described under this genus are included  
in  the im portant com pilations of W e n y o n , L e v in e , D a v ie s  e t a l . and P e l l Ér d y . Besides, 
oocysts assignable to th is  genus have also been recorded in C a n i s  d in g o  (Bearup, 1954) and 
F e l i s  c h a u s  (Dubey and P ande, 1963). In th ese  reports, m easurem ents o f the oocysts and the  
contained sporozoites h a v e  alone been appended.

F o u r 13 — 25 d a y  pups, m a in ta in ed  for ad m in is te rin g  he lm in th ic  in fection , 
w ere found to  h a rb o u r , on a u to p sy , an  in te res tin g  cryp to sp o rid iid  infection  
w hich  proved to  be d is tin c t from  C ryptosporid ium  an d  is described  below u n d er 
a new  genus d es ig n a ted  as H oareosporidium  a f te r  D r. Cecil A. H o a r e  F . R . S., 
w ith  H . pellerdyi as i ts  ty p e  species.

Material and methods

T h e  rec ta l c o n te n ts  of the fo u r p u p s slau g h te red  a t  in te rv a ls  and , in tw o 
cases, th e  scrapings from  je junum  w hich  had  revealed  a slight degree of con
gestion  were ex am in ed  directly  an d  a f te r  cen trifu g a tio n . T yp ica l cryp tospori- 
d ial oocysts were en co u n te red  d u rin g  these  ex am in a tio n s . Sm all pieces of th e  
suspec ted  lesions w ere  im m edia te ly  fixed  in  10%  fo rm alin  an d  th e  5 — 6 /i 
th ic k  serial sections s ta in e d  w ith E h r lic h ’s h aem a to x y lin  an d  eosin. T he oocysts, 
from  d ifferent lo ca tio n s , were s tu d ied  and sketched  w ith  th e  aid  of Spencer’s 
cam era  lucida u n d e r th e  oil-im m ersion ob jective o f an  O lym pus p h ase -co n trast 
m icroscope w ith 15 X  eyepiece.
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Observations

H oareosporidium  pellerdyi g. n. et sp . n.

T he ellipsoidal oocysts (50 m easu red ), in th e  faeces and  fresh scrapings, 
m e a su re d  12 —17 /x X 8 .5 —10.5 p  (m ean  14.8 /1X 9.14 p) w ith  th e  le n g th -w id th  
ra tio  of 1.2—1.8 (m ean  1.55) (Figs 1 a n d  2). T he 0.5 p  th ick  oocystic  w all was 
doub le-con toured , hom ogeneous, colourless an d  tra n s p a re n t b u t w ith  a light
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F ig. 1 — 3. 1 ,2 ,  Sporulated oocysts from rectal contents and fresh smears from  scrapings of
jejunum . 3, Sporozoites

Fig. 4 — 6. 4, An entire sporulated oocyst in a section. Observe the four sporozoites and the  
pushed out host-cell nucleus. (This stage has not taken up the stain). 5, Sporulated oocyst cut 
in a section showing the contained parts. Observe the nucleus in the sprozoites. 6, A  com plete  

sporozoite from an oocyst in section
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yellow ish-green hue . A m icropyle  or a knob-like a t ta c h m e n t w as ab sen t. An 
oocyst residuum  consisted  of a p ro m in en t m ass o f  large-sized g ranu les. T he 
four n ak ed  sausage-shaped  sporozoites, w ith  one en d  p o in ted  an d  th e  o th e r 
b roader — th e  b ro ad  en d  carry ing  a large re frac tile  g lobule an d  w ith  a sm all 
nucleus tow ards th e  c e n tre , w ere 9 —10.5 ц  X 2.6 — 3 p in  size (m ean 9.3 p X  2.7 p) 
(Fig. 3). In  fresh sm ear p re p a ra tio n s  of th e  in te s tin a l scrap ings, som e of th e  
oocysts occurred  inside th e  a tta c k e d  cells.

In  th e  num ero u s sections, oocysts were d e te c te d  inside th e  ep ithe lia l 
and  subep ithelia l cells o f th e  v illi — an  a tta c k e d  cell h a rb o u rin g  a single sporu- 
la ted  oocyst of 12 —17 p X 7  —10 p  in  size (Figs 4 a n d  5) (m ean 14.2 p X 8 .8  p , 
of 25 oocysts) and  w ith  th e  con ta ined  sporozoites, o f  6 — 10.5 p X  2 — 2.5 p  
(m ean 8.2 p x 2 .4  p), rev ea lin g  th e  cen tra l nucleus (F ig . 6).

F ro m  th e  p resence o f  th e  oocysts, a m ild p a th o lo g ica l p ic tu re  w as ev id en t 
in  th e  sections. A ggregations of red  blood corpuscles inside th e  core o f th e  v illi 
an d  a t  th e  tip s  w ere suggestive  o f congestion o f th e  m ucosa in  th e  a tta c k e d  
region. A few eosinophils were observed  a t  d iffe ren t places. In  m ost of th e  
sections, th e  v illa r tip s  h a d  ex h ib ited  a d en u d a tio n  o f th e  surface ep ithe lium .

Discussion

B esides its  oocystic  charac teris tics , C ryptosporid ium  is d istingu ishab le  
on acco u n t of th e  e x tra -ce llu la r  h a b ita t  of its  endogenous stages, th e  presence 
of an  a tta c h m e n t o rg an  on th e  oocystic  an d  sch izo n ta l surfaces an d  in  th e  
non-flagella te  c h a ra c te r  o f its  m icrogam etes.

On accoun t o f in tra -ce llu la r  position  of th e  oocysts (as revealed  in  th e  
sm ears an d  sections), th e  p resen t oocystic m a te ria l c a n n o t be inc luded  u n d e r 
C ryptosporidium  w h ich  has th rice  been recorded  from  w ild carn ivores. T hough  
th e  dim ensions g iven  fo r th e  oocysts in  C. vu lp is  W etze l, 1938 (from  com m on 
red  fox) are  well w ith in  th e  range encoun tered  in  o u r m a te ria l, th e  oocysts 
in  th is  species, accord ing  to  P e l l e r d y , could possib ly  be th e  fresh ly -shed  sporo- 
cysts o f some know n or as y e t unknow n isosporan  species. P e l l e r d y  has also 
qu o ted  H o a r e  th a t  th e  com plete  life cycle m u st be kn o w n  before a f in a l classi
fica tio n  was possible.

T he find ing  o f ty p ic a lly  sp o ru la ted  c ry p to sp o rid ian  oocysts inside cells 
of th e  je ju n a l lin ing  estab lish es  beyond  an y  d o u b t th e  in tra -ce llu la r localisa tion  
of th e  m a tu re  s ta g e  — a ch a ra c te r  fu n d am en ta lly  d iffe ren t from  th a t  know n for 
C ryptosposidium  a n d  Isospora. W e have to  aw ait w o rk  on th e  m orphology  o f 
all th e  endogenous s ta g e s  recovered  in  cases of n a tu ra l  in fections or s tu d ied  a f te r  
in fec ting  la b o ra to ry -ra is ed  clean pups w ith  th e  in fec tiv e  oocysts of th is  new  
species for an  a c c u ra te  ap p ra isa l o f th e  details o f i ts  life h is to ry . T his w ill 
enable a fu ller con cep t o f th e  new  genus. Possib ly , th e  oocysts from  th e  th re e  
w ild carn ivores in c lu d ed  u n d e r C ryptosporidium  m ig h t p rove  to  belong  to  th i j  
new genus, H oareosporidium .
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SUM M ARY

During autopsical work w ith four o f the 13— 25 day old pups, the rectal contents and 
sm ears o f the jejunal scrapings and stained serial sections in two cases w ith  evidence of slight 
congestion , revealed asporous and tetrazoic oocysts resem bling those of C ryptosporidium  
w hich, however, is extra-cellular in hab itat. On account of the detection o f the typ ical oocysts 
inside attacked cells, in som e o f the sm ear preparations and in num erous sections of the in
vad ed  intestinal region, the present oocystic  m aterial warrants the estab lishm ent of a separate 
genus, herein named as H oareosporidium , w hich, on this character, is d istinguishable from  
C ryptosporidium . Further studies on the various endogenous stages o f this new species (designat
ed as H . pellerdyi sp. n.), presently based on its  oocysts, is em phasised.

Acknowledgement : — A cknow ledgem ent is expressed to Messers G. S. A rora  and R. K. Garg 
for technical assistance. Thanks are due to the Principal o f  the College for the facilities provided.
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(R eceived Novem ber 20, 1971)

M ineral feed a d d itiv e s  are seldom  requ ired  u n d er cond itions of ex tensive 
m a n a g e m e n t and feeding. The ra is in g  of p la n t and  an im al yields, how ever, 
often  re su lts  in sh o rt supp ly  of one or a n o th e r  im p o rta n t feed com ponen t. T he 
in c reased  req u irem en ts  of h igh ly  p ro d u c tiv e  an im als are u su a lly  satisfied  b y  
su p p le m e n ta tio n , a lth o u g h  it  would p ro b ab ly  be a m ore co rrec t ap p ro ach  to  
a rra n g e  fo r a lte ra tio n  o f th e  fodder p la n ts  and  ag ricu ltu ra l techno logy  ( T ö l 

g y e s i , 1971). The m in era l su p p lem en ts  availab le  in H u n g ary  need im p ro v e
m e n t in  several re sp ec ts . R o u tin e  d e te rm in a tio n s  of feed com positions are still 
lim ited  to  only a few com ponen ts, th e  few specialized lab o ra to rie s  can n o t cope 
w ith th e  ta sk , and  m an ag em en t fa ilu res are  often responsible fo r w ide f lu c tu a 
tions o f  th e  levels o f ce rta in  v ita lly  im p o rta n t e lem ents in ra tio n s .

M any authors have dealt with m agnesium  tetany, to m ention only the com prehensive 
revieny o f A llcroft  and B urns  (1968) and B r e ir e m  and H v id s te n  (1966). The incidence of  
the disease is 0.5— 2% in more rainy countries o f the moderate clim atic zone. In H ungary, i{ 
was im portant to ascertain whether or not cattle  need a regular m agnesium  supplem entation  
under the conditions of present feeding technologies.

In fo rm a tio n  on th e  e x te n t o f m agnesium  dep le tion  can be o b ta in e d  from  
th e  freq u en cy  of occurrence of m agnesium  te ta n y  an d  from  th e  m agnesium  con
te n ts  o f feeds and  b lood , u rine  an d  h a ir  o f the  an im al. F o r physiological an d  
m e ta b o lic  considera tions an d  for th e  sake of sim plicity , th e  urine  te s t was 
c h o s e n  a b o u t the  m agnesium  su p p ly  o f c a ttle  herds in H u n g ary .

I t  has often been shown that the urinary m agnesium  level is proportional to the am ount 
o f  ingested and absorbed m agnesium  ( F i e l d , 1964; E n d e r  et al., 1957; Me y e r  and Gr a n d , 
1963; S i m e s e n , 1963; Má r k u s  and T ö l g y e s i , 1972, etc.). As in the case o f m agnesium  depletion  
the urinary level m ay fall 20— 100 tim es com pared to normal, this seems to be more conclusive  
than the serum levels. W ith an appropriate analytic  m ethod, atom ic absorption photom etry  
(Tr u d e a u  and F r e i e r , 1967), and fresh urine sam ples, several hundred tests  can be carried out 
daily in an econom ic manner.

Prelim inary exam inations on groups o f 8— 10 cows from each o f 10 herds suggested  
th at ind ividual deviation from  group averages varies between 10— 46% (average: 26% ). This 
value is low  compared to the difference betw een the urinary m agnesium  levels o f appropriately 
supplied and m agnesium -deficient cows.
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A general su rv e y  of the  m agnesium  supp ly  o f H u n g a rian  ca ttle  herds 
w as perform ed d u rin g  th e  sum m er season  o f 1971, th e  P H Y L A X IA  Co. and  
th e  D ep a rtm en t o f A n im al N u tritio n , U n iv e rs ity  o f V e te rin a ry  Science, B u d a 
p e s t.

Material and methods

Sam ples w ere co llec ted  from  la rg e  herds w ith  th e  assistance  of th e  reg ion
a l V ete rin a ry  In s t i tu te s  and  V e te r in a ry  Services. S pon taneously  excre ted  
u rin e  from  8 —10 cow s per herd  w as pooled  in a b o ttle  sealed w ith  p a ra ffin  
co a ted  cork and  im m e d ia te ly  sen t to  th e  la b o ra to ry  along  w ith  an  acco m p an y 
ing  le t te r  specify ing th e  q u a n tity  a n d  q u a lity  o f d ie t fed during  th e  preceding  
w eek . T he fresh u r in e  sam ples, if free o f sed im en t, w ere a p p ro p ria te ly  d ilu ted  
a n d  exam ined  w ith  a ty p e  290 В P e rk in -E lm e r a tom ic  ab so rp tio n  sp ec tro p h o to 
m e te r . Sam ples w h ich  a rriv ed  a fte r  som e delay  or co n ta in ed  a sed im en t w ere 
ac id ified  prior to  ex am in a tio n , to  d isso lve any  m agnesium  p resen t in  th e  sed i
m e n t.

U rine, m ilk, b lo o d  and  faecal sam ples were ad d itio n a lly  p ro cu red  from  
10 large  herds. B lood  m agnesium  c o n te n t was d e te rm in ed  d irec tly  a fte r  d ilu 
tio n  o f th e  sam ple, m ilk  and  faecal sam ples were tre a te d  w ith  perchloric and  
n itr ic  acid . S ta tis tic a l ev a lu a tio n  o f th e  re su lts  w as carried  o u t according to  th a t  
o f  S v á b  (1967).

Results

R egional (co u n ty ) averages o f u r in a ry  m agnesium  levels are  show n in  
T ab le  I . The n a tio n a l av erag e  for th e  to ta l  o f 775 sam ples received  w as 491 p p m  
co m p ared  to  th e  re g io n a l average o f 452 p p m . E v a lu a tio n  w as m ade for a dual 
p u rp o se : firs t o f a ll, to  estab lish  th e  freq u en cy  o f he rd s  w ith  suspected  m agne
sium  dep le tion  a n d , secondly , th e ir  reg io n a l d is tr ib u tio n . In  clin ically  m an ifest 
cases o f m agnesium  defic iency  th e  u r in a ry  level falls to  5 —10 p pm . O n th e  o th e r 
h a n d , th e  m agnesium  co n te n t of th e  se ru m  does n o t fa ll to  th e  level of subclini- 
cal dep le tion  (2.0 m g % ) as long as th e  u r in a ry  co n cen tra tio n  persists a t  100 ppm . 
Y e t, in stead  of th e  fig u res , th e  m ore re liab le  v a lu e  o f 200 ppm  w as ta k e n  as 
m in im a l lim it. A cco rd in g  to  our ex p erien ce , group averages ab o v e  200 ppm  
in d ica te  absence o f m agnesium  dep le tio n  in  th e  h e rd . F ifty -n in e  sam ples (7 .6% ) 
w ere  segregated  fro m  th e  to ta l  on th is  basis, b u t  even  th ese  d id  n o t m eet th e  
c r ite r ia  of d ep le tion . T o  p u t i t  m ore co rrec tly , 719 sam ples (93.4% ) could be 
ju d g e d  as d e fin ite ly  n o t  o rig inating  from  a m agnesium -defic ien t h erd . To check 
th e  re liab ility  of o u r  p rocedure, second  sam ples w ere asked  for from  those  
h e rd s  in  w hich g ro u p  averages were less th a n  200 p p m . T he fa c t th a t  th is  tim e  
2 7 %  o f th e  sam ples h a d  m agnesium  c o n te n ts  below  th is  level p roved  th e  effec
tiv en ess  of our sc reen in g . Seasonal f lu c tu a tio n s  w ere, o f course, freq u en t: in
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som e herds, u r in a ry  m agnesium  was low during  sum m er, b u t  i t  rose above th e  
c ritica l level in th e  a u tu m n . T hus re la tiv e ly  low m agnesium  excretion  w as 
m easured  a t  b o th  screenings in  few herds only (0 .9% ).

G eochem ical co rre la tions were also soug h t in  th e  ev a lu a tio n . D ixon’s 
te s t  was used to  so rt o u t ex trem e  values, b u t none such w ere found  am ong th e  
20 co u n ty  averages. T he la t te r  w ere un ifo rm ly  d is tr ib u te d  in  re la tion  to  th e  
n a tio n a l average . A re la tio n sh ip  was th en  soug h t be tw een  co u n ty  averages o f 
u r in a ry  Mg an d  acreage o f acid soil. I t  is know n th a t  soils reg a rd ed  as hav in g  a 
low m agnesium  c o n te n t from  th e  ag ric id tu ra l p o in t of view  are  usually  acid . 
As can be seen from  T ab le  I , no such  ten d en cy  em erges from  th e  com parison

Table I

County averages of urinary magnesium concentration of cattle

County No of samples 
examined

County av. 
(ppm)

Acid soil 
(%)

No. of samples 
containing 
less than 
200 ppm

1. Baranya 6i 605 27.7 l
2. Vas 7 604 85.5 0

3. Somogy 34 552 31.1 6

4. Zala 23 539 69.1 2

5. Fejér 73 531 6.3 6

6. Győr-Sopron 67 518 37.2 3

7. Heves 91 512 74.8 4
8. Szabolcs-Szatmár 28 505 60.8 0
9. Bács-Kiskun 40 505 0.8 2

10. Borsod-Abauj-Zemplén 42 503 72.1 1
11. Veszprém 39 502 37.0 2

12. Tolna 67 487 0.8 0
13. Pest 8 454 9.1 1
14. Nógrád 15 442 66.4 4

15. Békés 69 412 41.6 12

16. Komárom 43 403 12,4 9
17. Budapest 1 400 11.3 0
18. Hajdu-Bihar 6 342 64.2 0
19. Csongrád 23 358 12.6 3
20. Szolnok 38 349 54.4 3

National average for the 775 samples 

County average
491 ppm  

452 ppm  j

Rank correlation coefficients for relationship between acreage of acid soil and urinary Mg levels: 
Percentage of highly acid soil — Mg less than 200 ppm : r =  — 0.180 
Acreage of highly acid soil (kh) — county average Mg: r =  -f-0.094 
Acreage of acid soil (kh) — county average Mg: r =  —|— 0.003
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o f e ith e r  abso lu te  va lues or frequencies. S urprising ly , th e  u r in a ry  Mg levels w ere 
fo u n d  even to  exceed th e  n a tio n a l av e rag e  in certa in  coun ties w ith  large a c re 
ages o f acid  soil (B orsod-A bau j-Z em plén , H eves, Som ogy, S zab o lcs-S za tm ár, 
V as, Z ala). L a te r  feed analyses rev ea led  th a t  th is  a p p a re n t co n trad ic tio n  is 
due  to  a lesser leach ing  of m agnesium  from  acid H u n g a ria n  soils th a n  from  
s im ila r areas in the  m ore hum id  W e ste rn  E uropean  C oun tries.

T he resu lt o f a com plex  analy sis  also perform ed on se ts  of u rine , blood 
se ru m , m ilk  and  faeces from  10 h erd s  a re  shown in T ab le  I I .  In  co n fo rm ity  
w ith  earlie r observations o f M á r k u s  a n d  T ö l g y e s i , h erd  d ifferences in m agne
sium  supp ly , as expressed  in te rm  o f v a ria tio n  coeffic ien ts , decreased  in th e  
seq u en ce  urine (53.0% ) m ilk (24.7% ) serum  (7.1% ) faeces (6 .8% ). T hus d if
ferences can be best assessed from  u r in a ry  Mg levels. N o co rre la tio n  w as found  
b e tw een  th e  Mg co n ten ts  o f th e  four te s t  m a te ria ls ; even th e  com parison  of m ilk  
a n d  faecal levels suggests no tre n d  (r =  0.38).

Table  IIj

Average magnesium contents in faeces, urine, m ilk and serum of cattle from herds in September,
1971

Cattle farm Faeces Urine Milk
(g/kg TM) (mg/>) (mg/l) К /0

Alsópéli State Farm 9 .4 860 50 42.4

Balatonnagyberek State Farm 9 .4 480 58 43.2

Lajtahanság State Farm I. 10.6 740 52 45.8

Rákóczi Cooperative, R-falva 7.0 680 50 40.0

Magyarnándor State Farm 8.8 300 57 41.7

K iskunság State Farm 11.8 260 61 39.2

Komárom State Farm 14.0 158 51 39.6

H ajdúnánás State Farm 9.4 480 62 40.2

Lajtahanság State Farm I I . 12.4 1000 94 38.9

Bácsalm ás State Farm 12.8 580 82 34.9

Average 10.5 514 60 40.6

St. deviation 0.7 272 14.8 2.9

Variation coeff. 6.8 53.0 24.7 7.1

H ank correlation coefficients according to Sp e a r m a n :
Faeces — Urine: —0.15 Urine — Milk: 0.03
Urine — Serum: 0.09 Faeces — Milk: 0.38
none of these correlations is significant

Discussion

T he reconsidera tion  of H u n g a ria n  prem ix fo rm ulas req u ired  a decision 
as to  th e  am o u n t of m agnesium  th a t  shou ld  be included  in m inera l su p p lem en ts  
fo r c a tt le . G eneral in fo rm ation  on th e  m agnesium  su p p ly  of herds w as o b ta ined
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from  m easu rem en ts o f m agnesium  co n ten t in 775 pooled u r in a ry  sam ples, 
each  rep re sen ta tiv e  of a herd  average . T he n u m b er of sam ples a n d  th e  reg ional 
d is tr ib u tio n  o f th e ir  sources p e rm itte d  general conclusions. T ak in g  the  low er 
lim it o f u r in a ry  Mg level v e ry  rigorously  as 200 ppm , on ly  few  herds (ab o u t 
0 .9% ) can be said  to  have  reg u la rly  low levels. On th is  basis, m agnesium  su p p le 
m e n ta tio n  seem s to  be a t  m ost a reg ional ra th e r  th a n  a gen era l p roblem  o f 
c a tt le  feeding in th is  c o u n try . In  th e  case of a clinically  m an ife s t Mg deple tion  
(m agnesium  te ta n y ) , th e  u r in a ry  Mg falls to  as little  as 10 — 20 p pm , or 10 — 20 
tim es less th a n  th e  v a lu e  ta k e n  b y  us as th e  m inim al lim it. In  th is  ligh t ou r 
general conclusions are  also reg a rd ed  as va lid  for th e  early  sp rin g  season, w hen  
d ie ta ry  Mg levels w ere ind eed  low ered b u t s till reached  a b o u t h a lf  o f th e  su m 
m er m ax im um  c o n cen tra tio n . G iven the  know n corre la tion  betw een  d ie ta ry  
a n d  u rin a ry  Mg co n cen tra tio n s , th e  n a tio n a l average of u r in a ry  Mg is un like ly  
to  fall below 200 p pm , even in  th e  early  sp rin g . In  some o f th e  herds com ing 
u n d e r  th e  low -level ca teg o ry  (0 .9% ), m agnesium  deficiency m a y  occur in th e  
e a rly  spring owing to  g raz ing  on p as tu re s  h eav ily  tre a te d  w ith  fertilizers co n 
ta in in g  p o tassium  an d  n itro g en . Such p rob lem s, how ever, sh o u ld  be reso lved  
locally , because spo rad ic  local incidence is n o t suffic ien t to  ju s tify  a policy o f  
p rev en tiv e  M g -supp lem en ta tion  on th e  n a tio n a l level. Excess m agnesium  affec ts 
th e  u tiliz a tio n  of calcium  an d  phosphorus (G ü n t h e r , 1966) a n d  in terferes w ith  
m etab o lic  processes in  g enera l ow ing to  increased  e a r th  a lk a lin e  a lk a lin ity .

SUMMARY

A total o f 775 pooled urine sam ples, each collected from a representative group of 8— 10 
cows per herd, were exam ined for m agnesium  content. The national average was found to be 
491 ppm , the regional (county) average 452 ppm. No extrem e values were found with D ixon’s 
test. There w as no correlation betw een the county acreage of acid soil and the urinary Mg levels. 
O nly 0.9% of the 775 herds had urinary Mg concentration less than 200 ppm , which was re
garded as the rigorous established lower lim it. From  this it was concluded that m agnesium  
supplem entation of cattle feed is not necessary on a national level, and the rare occurrence of  
clinical m agnesium  deficiency during early spring could be prevented by purely local measures.
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ROLE OF PSEUDOMONAS AERUGINOSA IN 
ACTINOMYCOSIS-LIKE BOVINE MASTITIS

By

I . S z á z a d o s  and I . K á d a s

Veterinary M eat Inspection Service (Director: Gy . M é h e s ), Pécs, and D epartm ent of P athology  
(Head: I. K á da s), Baranya Country H ospital, Pécs

(R eceived N ovem ber 30, 1971)

T a n n e r  reported in 1952 that out o f 98 bovine udders discovered at a Stockholm  ab at
toir to be showing actinom ycosis-like microscopic lesions, 84 contained Staphylococcus aureus 
or Staph.albus, 12 m ixed saprophytic microflora and 2 Pseudomonas aeruginosa. Later M ora  
and Ca v r in i (1959) isolated pathogenic staphylococci from  15 and Ps. aeruginosa from one of  
16 similar cases in Ita ly . Chronic m astitis m orphologically resem bling actinom ycosis, was ob
served by F u c h s , H o r n ic h  and W a lter  (1969) in  six  cows of a large German herd and Ps. 
aeruginosa was isolated  from each case. , i

In  th e  a b a tto ir  an d  em ergency  s lag h te rh o u se  of P écs , 28 cases o f a c t i
nom ycosis-like bov ine  m a s titis  w ere id e n tif ie d  h isto log ically  over th e  period  
1968—71. B acterio log ica l ex am in a tio n s p erfo rm ed  in  d u p lica te  Ps. aeruginosa  
was iso la ted  from  19 u d d ers , S taph , aureus from  five, a m ixed  sap ro p h y tic  
m icro flo ra  from  one, w hile the  rem ain ing  one u d d er p ro v ed  bacterio lo g ica lly  
sterile .

, I
History and clinical observations

F o u rte e n  o f th e  19 cows w ith  Ps. aeruginosa-m astitis  h a d  been em ergency  
s lau g h te red  w hile th e  o th e r five cases (?) been  de tec ted  a t  no rm al s lau g h te r. 
E ig h t o f th e  14 cows h a d  been em ergency  s lau g h te red  fo r m astitis  an d  six  
th ro u g h  an  e rroneous d iagnosis. E m ong th e  14 em ergency  s laugh te red  cows 
o rig in a tin g  from  large herds th e re  w ere 5 an im als  from  th e  sam e herd  d u rin g  
tw o y ea rs . 'IP

O n th e  basis in fo rm a tio n  o b ta in ed  from  th e  v e te rin a rian s  a tte n d in g  
th e  c a ttle  fa rm s, th e  course and  sym p to m s o f th e  disease can  he ch a rac te rized  
as follows: T he u d d e r a b ru p tly  becam e sw ollen an d  p a in fu l an d  th e  body  te m 
p e ra tu re  rose . A d ilu te  serum -like su b stan ce  w as d ischarged  from  th e  a ffec ted  
q u a rte rs  a t  m ilk ing , an d  w ith in  a few  d ay s m an y  n odu les, v a ry in g  in  size 
from  th a t  o f a h aze ln u t to  a w aln u t, a p p e a re d . T he nodules w ere easily  p a lp ab le  
an d  in  som e cases even v isib le. T he h e a lth y  q u a rte rs  d ried  o ff w ith  th e  p ro 
gression o f th e  n o d u la r change, th e  an im als lo s t flesh  an d  th e ir  general co n d i
tio n  w orsened  as th e  cond ition  g rad u a lly  becom e chron ic . All th e ra p e u tic  
a tte m p ts  fa iled  once th e  nodules h ad  estab lished . O ccasionally  fis tu lae  a p 
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p ea red  on th e  sk in  of th e  affected  q u a r te rs  an d  d ecu b itu s  w ounds developed  on 
b o n y  areas o f th e  body  surface. E m erg en cy  slau g h te r is u su a lly  necessary  several 
weeks or m o n th s  a fte r  onset.

M acroscopic lesions

G enerally  tw o q u a rte rs  o f th e  u d d e r were a ffec ted , e ith er b o th  h in d 
q u a rte rs  or th e  fore- an d  h ind  q u a r te r  on one side; in v o lv em en t o f a single 
o r m ore th a n  tw o q u a rte rs  w as ra re . T he diseased q u a rte rs  en larged  up  to  
tw ice orig inal size. O ccasionally  th e  su rface  appeared  uneven , ca rry in g  p ro 
tru sio n s or, less o ften , f is tu la r  open ings, o th e r  cu taneous changes were no ticed ; 
th e  su b cu tan eo u s  connective tissue  w as sligh tly  oedem atous.

Fig. 1. Gross appearance of actinom ycosis-like chronic m astitis caused by Pseudomonas 
aeruginosa. Foci o f proliferative tissue are surrounded by connective tissue capsules o f  varying

thickness

The a ffec ted  q u arte rs  w ere co m p ac t an d  resisted  c u ttin g . The te a t  c h a n 
n e ls , m ilk  sinus an d  larger lac tiferous d u c ts  con ta ined  e ith e r  re ta in ed  m ilk  or 
a th ic k  pus-like  ex u d a tio n . This change usually  involved  th e  en tire  q u a r te r , 
b u t  sm all in ta c t  areas were som etim es p re sen t. M any g row ths, consisting  o f a 
so ft, yellow ish-w hite  tissue and  v a ry in g  from  rice-grain  to  h aze ln u t size, a p p e a r 
ed  in  th e  u d d e r  p a ren ch y m a. T he g row th s were su rro u n d ed  by  a greyish- 
w h ite  fib ro u s capsu le o f va riab le  th ick n ess , which ex ten d ed  process in to  th e  
su rro u d in g  tissu es  (Fig. 1): th ey  bulged above th e  p lane of th e  u d d e r’s cross
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section an d  in  places p e n e tra te d  th e  lum ina  o f lactiferous ducts (Fig. 2). L a rg 
er g row th  w ere often  su p p u ra tiv e , tran sfo rm in g  to  “ ac tin o m y co tic”  abscesses, 
w ith  th ic k  yellow ish or yellow ish-green, pus-like co n ten ts . T he abscess w alls 
w ere lined inside b y  a soft layer, ou tside  b y  a to u g h  lay er of g rey ish -w hite  
connective tissu e  (F ig . 3).

T he m am m ary  ly m p h  node Mas u su a lly  sw ollen, som etim es to  tw o  or

Fig. 2. Gross-section of an affected udder. The actinom ycosis-like growths bulge above the  
plane of  section  and penetrate a m inor lactiferous duct

Fig. 3. Larger, partly suppurated actinom ycosis-like abscesses in chronic m astitis caused by
Pseudomonas aeruginosa
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th re e  tim es its  o rig inal size and  becom e so ft an d  m ed u lla ry  on th e  a ffec ted  
side . Some an im als  h a d  a swollen, pa le  a n d  friab le  liver.

Seven cows also show ed lesions in d ic a tiv e  o f a c o n cu rren t d isease, such 
as  lam ellar adhesio n s betw een  th e  second s to m ach  an d  m u ra l p e rito n eu m , due 
to  in ju ry  b y  a foreign  body , serous in fla m m a tio n  of th e  fe tlock  a n d  knee jo in t, 
focal in te rs titia l n e p h ritis  and  ren a l am ylo idosis.

M icroscopic lesions

The u d d e r, m am m a ry  ly m p h  node a n d  occasionally  also changed  p a r ts  
o f  o th e r  organs w ere fixed  in form alin , em b ed d ed  in  p a ra ffin , an d  sections w ere 
s ta in e d  w ith  h a e m a to x y lin  an d  eosin or P A S -h aem ato x y lin .

F ig. 4. Micro-abscess com prising actinom ycosis-like flocculi (pus stops) inside a proliferative  
tissue in Pseudom onas aeruginosa-m astitis. (H aem atoxylin  and eosin, 80 X )

F ig. 5. Pus stops from  Fig. 4 at a higher m agnification. (H aem atoxylin  and eosin, 200 X )
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T he m icroscopic  ap p ea ran ce  of th e  lesions co rresponded  w ith  th a t  o f an  
ex ten siv e  g ran u lo m a to u s  m as titis  (Figs 4 ,5  an d  6). T he g ranu lom as caused by  
Ps. aeruginosa  d iffered  from  staphy lococcal (S ta p h , aureus)  g ranu lom as in 
ce rta in  fine  h isto log ical d e ta ils  (T a n n e r , 1952; F u c h s  e t ah , 1969); th e  la t te r  
co n ta in ed  G ram -positive  cocci, th e  form er G ram -nega tive  flocculi or “ pus 
sp o ts” . The aim  o f th is  s tu d y  was to  seek sim ilarities ra th e r  th a n  d issim ilari
ties be tw een  th e  tw o k in d s of g ranu lom atous process: p ic tu res  of s tap h y lo 
coccal (S ta p h , aureus)  m ycosis-like m astitic  lesions from  our m ateria l are  
there fo re  p resen ted  fo r com parison  (Figs 7, 8 and  9).

Fig. 6. Pseudomonas aeruginosa-m astitis. N ote the d istinct PAS-reaction of pus stops. (PA S-
haem atoxylin , 80 X )

Fig. 7. A ctinom ycosis-like granulom a of tKe udder caused by Staphylococcus aureus: small 
abscess w ith  a typ ica l pus centre and surrounding polym orphous proliferative cell reaction.

(H aem atoxylin  and eosin, 80 X )
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The diffuse o r co n flu en t g ranu lom as con ta ined  a pus cen tre  in w hich 
fo ca l pus spots (flocculi) of v a rio u s sizes an d  w ith  ty p ic a l m orphological and  
s ta in in g  properties cou ld  be seen. In  ce rta in  cases th e  pus spots h ad  a lready  
becom e necrotic or sclero tic . T he abscesses con ta in ing  th e  pus spots w ere en 
ca sed  b y  fibrous tissu e . T he p ro life ra tiv e  tissue consisted  o f h y stio cy tes , pseu- 
d o ex an th o m a cells, m u ltin u c lea ted  g ian t cells (L an g h an s or foreign-body 
g ia n t  cells), p lasm a cells and  ly m phocy tes.

F ig. 8. Actinom ycosis-like granuloma o f the udder caused by Staphylococcus aureus: pus 
centre o f the abscessns show n in Fig. 7 at a higher m agnification. (H aem atoxylin  and eosin,

2 0 0x )

F ig. 9. Actinom ycosis-like granuloma of the udder caused by Staphylococcus aureus: PAS- 
reaction. (P A S-hacm atoxylin , 90 X )
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Bacteriological exam inations

B ac te ria l iso lations w ere a tte m p te d  from  spleen, liver, k idney , tw o m uscle 
sam ples, p rae scap u la r an d  co n tra la te ra l po p litea l ly m p h  node, ud d er and  
m am m ary  ly m p h  node. T h e  u d d er e x am in a tio n s  u su a lly  included  sep ara te  
inocula from  abscess w all, abscess co n ten ts , connective tissu e  sep ara tin g  th e  
abscesses an d  p reserved  u d d er p aren ch y m a.

The app lied  m edia w ere: com m on b ro th  (pH  7.4) ag a r con ta in ing  10%  
bovine b lood, 5%  serum  agar, D rigalszky ag ar w ith  b ro m th y m o l b lue; P re u ss ’ 
po tassium  te tra th io n a te  ag ar for sa lm onellae; K itt-T a ro z z i’s liver b ro th  fo r 
iso lation  of anaerob ic  organism s.

G ram -negative  rods w ere iso lated  from  all u d d er sam ples an d  from  sev 
eral m am m ary  ly m p h  nodes as well. F la t colonies w ith  ch a rac te ris tic  a ro m a t
ic odour grew  on th e  serum  and  blood a g a r; colonies grow ing on serum  ag a r 
caused a greenish  d isco loration  of th e  su rro u n d in g  m edium , while those grow 
ing on blood ag ar were haem oly tic . B ro th  cu ltu res  assum ed  a green colour 
ex ten d in g  dow nw ard  from  th e  surface, an d  m em branaceous fragm en ts f lo a t
ed on th e ir  surface. F resh  cu ltu res  ex h ib ited  a blue colour change on shak ing  
w ith  chloroform . T he iso la ted  organism s m oved ac tive ly , d id  no t form  h y d ro 
gen su lphide or indole, d id  n o t decom pose u re a , show ed p ositive  ca ta lase  an d  
oxydase  reac tio n s, an d  caused the  coag u la tio n  an d  p ep to n iza tio n  of m ilk.

On th e  basis o f colony m orphology, s ta in in g  p ro p ertie s , biochem ical 
an d  serological te s ts , th e  iso lates were id en tified  as Ps. aeruginosa. Serological 
ex am in a tio n  show ed th a t  th ree  random ly  p ic ted  s tra in s  belonged to  ty p e  04 
a n d  one to  ty p e  01.

Discussion

In  h u m an  m edicine, th e  fungus A ctinom yces bovis is s till regarded  as th e  
exclusive cau sa tiv e  ag en t of actinom ycosis (A n d e r s o n , 1966), w hereas in  
v e te r in a ry  p a th o lo g y  various agents (Corynebacterium israeli, Actinobacillus 
ligniéresi, S taph , aureus , e tc .) are know n to  cause actinom ycosis-like g ra n u 
lom as in dom estic  an im als ( J u b b  an d  K e n n e d y , 1970).

A ccording to  th e  v e te r in a ry  te rm ino logy , th e  disease caused  by  C. israeli 
is called ac tinom ycosis , th a t  b y  A ct. ligniéresi actinobacillosis while th e  g ra 
n u lo m ato u s process due to  S taph , aureus a s taphy lococcal g ranu lom a.

As a ru le S taph , aureus is responsib le for th e  so-called m am m ary  a c t i 
nom ycosis o f cows. Lesions of th is k ind  v e ry  seldom  co n ta in  A ct. ligniéresi 
a n d  never C. israeli ( H e i d r i c h  and  R e n k , 1963); p rev ious rep o rts  on iso la tion  
o f Ps. aeruginosa  from  such cases were c ited  in th e  in tro d u c tio n  of th is  p ap er.

T h e  o b s e rv a t io n s  o f  T a n n e r  (1952), M o r a  a n d  Ca v r i n i  (1959), F u c h s , 
H o r n ic h  a n d  W a l t e r  (1969) as well as o u r  o w n  ex p e r ie n c e  su g g e s t  a n  a e t io -
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log ical re la tio n sh ip  betw een  ce rta in  cases o f bovine m am m ary  ac tinom ycosis 
a n d  P s. aeruginosa.

I t  should  be n o ted  in th is  c o n te x t th a t  Ps. aeruginosa  is a well know n 
ca u sa tiv e  ag en t o f various form s o f bov ine  m astitis ; accord ing  to  H e i d r i c h  
a n d  R e n k , a p a r t  from  actinom ycosis-like  m astitis , it  m ay  cause m ild c a ta r rh a l, 
severe  acu te  an d  chronic  p u ru le n t in flam m atio n s  of th e  u d d er.

In  c o n tra s t to  th e  find ings o f T a n n e r  (1952), M ora  a n d  Ca v r i n i  (1959), 
in  ou r h ands iso la tions of Ps. aeruginosa  w ere m uch m ore freq u en t th a n  th o se  
o f  S taph , aureus (19 : 5) an d  th e  g en era l incidence of P s. aeruginosa  m a s titis  
w as p a r tic u la ry  n o tab le  com pared  to  t h a t  o f o th e r form s o f u d d e r in flam m atio n  
in  th e  sam e period . F o rm erly , iso la tio n s o f Ps. aeruginosa  w ere ch iefly  m ade 
from  cases em ergency  s lau g h te red  fo r severe  acu te  m as titis  ( F o r r a y  a n d  S z á 

z a d o s , 1968), b u t  since 1968 th e  inc idence  of th is  form  h as fallen  m ark ed ly . 
D u rin g  th e  la s t tw o  y ears , n o t a sing le case h as  been observed  Ps. aeruginosa  
is exclusively  responsib le  for actinom ycosis-like  chronic form s of m a s titis .

I t  seems rem ark ab le  th a t  we h a v e  n o t encountered  th e  chronic p u ru le n t 
fo rm  of P s. aeruginosa-m astitis  d esc rib ed  b y  G a r d i n e r  a n d  Cr a ig  (1961) sev 
e ra l y ea rs  ago e ith e r  b y  h isto log ical or b y  para lle l b acterio log ical e x a m in a 
tio n s . H ow ever, since G a r d i n e r  a n d  C r a ig  did  n o t h isto log ica lly  exam ine th e  
u d d e r  itse lf  b u t  on ly  o th e r organs (k id n ey , ad renals), it  does n o t seem  im p ro b 
ab le  th a t  th e  cases th e y  observed  in  fa c t corresponded  to  an  ac tin o m y co sis
like r a th e r  th a n  a p u ru le n t m a s titis . I n  o u r view , th e  actinom ycosis-like  form  
m ig h t w ell be th e  on ly  m an ife s ta tio n  o f chronic Ps. aeruginosa-m astitis .

As to  t h e  ae t io lo g ica l  r e la t io n s h ip s  b e tw e e n  t h e  d if fe ren t  fo rm s  of  
a c t in o m y c o s is - l ik e  m a s t i t i s ,  F u c h s  e t  a l .  co n c lu d e d  t h a t  in  v ie w  o f  t h e  m ic r o 
b io lo g ica l  a n t a g o n i s m  b e tw e e n  S ta p h , aureus a n d  A ct. ligniéresi, a  c ro s s - in 
f e c t io n  seem s im p r o b a b le ,  b u t  t h e y  d id  n o t  sugges t  w h ic h  m ig h t  h a v e  th e  
p r i m a r y  c a u s a t iv e  ro le.

In  our h an d s, P s. aeruginosa  w as reg u la rly  iso la ted  in  pu re  c u ltu re  n o t 
o n ly  from  th e  p u ru le n t con ten ts o f th e  abscesses, b u t  also from  th e ir  w alls, 
from  th e  co nnec tive  tissue  betw een  th e  abscesses, an d  from  no rm al ap p ea rin g  
g la n d u la r  tissue  as well. No o th e r b a c te r ia  were iso la ted  in  an y  case. W e agree, 
h ow ever, w ith  F u c h s  e t al. th a t  fu r th e r  d e ta iled  ex am in a tio n s are req u ired  to  
a ff irm  th e  cau sa tiv e  role of P s. aeruginosa  in  actinom ycosis-like bovine m a s titis .

Acknowledgements. The authors are indebted to Dr. I. P ata ki (Chief Veterinarian, V eterinary  
M eat Inspection Service, Pécs) for assistance in collecting the m aterial, and to Dr. B. L á n y i 
(Senior Bacteriologist, N ational Institu te o f P ublic H ealth, Budapest) for performing the sero
logical exam inations.

SUM M ARY

Over a four-year period (1968— 1971) pure cultures of Pseudom onas aeruginosa were 
iso lated  from the udders — walls and purulent contents o f abscesses, connective tissue betw een  
abscess and normal appearing of glandular tissue of 19 cows w ith  h istologically  verified  
actinom ycosis-like m astitis after normal or em ergency slaughter.
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Since first W a tts  (1940), At k in so n  (1941), then Gl e d h il l  (1945) divided Erysipelo- 
thrix rhusiopalhiae  strains into two serological types by m eans of the agglutination test, m any  
authors have dealt w ith  the serological properties o f this organism . The research workers were 
lead in their investigation  b y  different respects. It was of cardinal im portance to find a suitable  
m ethod for the iso lation  o f highly antigenic strains suited for swine erysipelas vaccine produc
tion. Thus the a tten tion  was directed to the hem agglutination-capacity o f  the organism, be
cause the investigators (D in t e r , 1949) came to the conclusion, th at swine erysipelas strains 
preserved their good antigen  character even in a killed sta te  can be found am ong those which  
are able to hem agglutinate chicken erythrocytes at high dilutions.

After D e d ié ’s (1949) observation th at good vaccine strains belonged to only one of the  
two formerly identified  serotypes, interest was centered again on the serological behaviour of 
E. rhusiopathiae. B y  m eans of the precipitation test D é d ié  set up a third type, designated N  
for those strains which showed no reaction w ith either A or В specific sera.

In the m eantim e, a relationship was searched betw een the serological type of erysipelas 
strains and the developm ent of different pathological lesions, and attem pts were made to  clas
sify  the serotypes o f bacteria isolated from  different anim al species and m an. H e u n e r  (1958), 
using different m ethods for antigen extraction , was the first to identify  new serotypes (A ,, В C, 
D ) within the group of strains not belonging to serotypes A  or B. Subsequently Muhase et ah 
(1959, 1960) determ ined new special serotypes (C, D , E, F) by agglutination and precipitation  
tests.

The success o f the in itial typing efforts initiated further investigations along this line 
and additional types have been described under the designations E (K u c se r a , 1962, 1963), 
P (T ru szczy n sk i, 1963), G (K u c se r a , 1964), H (E w a l d , 1967), I ., II ., II I ., resp. I, J, K (Ca st r o , 
1969, 1970), and I, J , K , L, M and О (K u c se r a , 1971). U nfortunately  by these descriptions 
the researchers failed to compare their strains to be suspected new serotypes w ith other ones 
described so far. The m ain reason being that the identification  o f m any of the new types was 
carried out practically sim ultaneously in distant parts o f the world, which hindered exchange  
o f inform ation am ong investigators.

Mu r a se  et al. (1959, 1960), for exam ple, did not refer to the findings of H e u n e r  (1958) 
and very probably did not compare his C and D types w ith  the sim ilarly named types o f 
H e u n e r . I m yself w as unaware of Mu h a se ’s work when I first used the designation E for an 
E. rhusiopathiae strain isolated  from fish  (K u c se r a , 1962); at th a t tim e I had only H e u n e r ’s 
type strains for com parison. T ru szczy nsk i (1963) perform ed his exam inations in possession  
of M u r a se’s strains (C, D , E , F) but for the lack of H e u n e r ’s C and D and K u c se r a ’s E strains. 
W hen later I determ ined a new serotype I designated it  G (K u c se r a , 1964) knowing about 
Mu r a s e ’s work and choosing the letter sym bol as successive in alphabetic order to Mu r a se’s 
types. E wald  (1967) segregated the new serotype Н in possession of H e u n e r ’s (C, D) and 
K u c ser a ’s (E , G) typ e  strains, but w ithout comparing it to Mu r a s e ’s types. In 1968 Castro  
sent me for typing three E. rhusiopathiae strains isolated in  Brazil and I typed  them  along w ith  
other strains isolated in H ungary. The outcom e of th is work was the description of six sero
types, designated in alphabetic order as I, J, K , L, M, O, the letter  N being om itted  so as to leave  
the original designation for E. rhusiopathiae strains not possessing an acid-soluble, thermostable  
antigenic com ponent (K u c se r a , 1971). These exam inations were performed w ithout Mu h a se’s 
and T ru szczy n sk i’s typ e  strains, then not available. In the m eantim e Castro  had him self
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ty p ed  his three isolates and described them  first in his thesis (1969) as types I., II ., II I ., and the  
follow ing year (Castro  et al., 1970) as types I, J , K; whereas m y own designations for the cor
responding strains had been M, L and I.

T hese c ircum stances have re su lte d  in  confusion o f th e  serological ty p e  
d esigna tions of E . rhusiopathiae  s tra in s . E v id en tly , a p reco n d itio n  for co m p ar
ison  o f  th e  incidence a n d  im p o rtan ce  o f  various se ro types iso la ted  in  d iffe ren t 
p a r ts  o f th e  w orld, is th e  s ta n d a rd isa tio n  o f ty p in g  m eth o d s  and  n o m en c la tu re . 
T h is  en ta ils  a co m p ara tiv e  s tu d y  o f a ll sero types described  a t  d iffe ren t tim es 
in  d iffe ren t p a rts  o f th e  w orld , in v e s tig a te d  p a rtia lly  b y  d ifferen t m ethods an d  
describ ed  by  various designations, b y  a un iform  m e th o d . I  h av e  u n d e rta k e n  
th is  ta s k  in  possession o f ty p e  s tra in s  collected  for years  an d  o th ers  n o t fo rm 
e rly  availab le  (Mu r a s e ’s and  T r u s z c z y n s k i’s ty p es) an d  I hoped  th a t  th e  
co m p lem en ta ry  ex am in a tio n s  w ill h av e  clarified  th e  m isu n d erstan d in g s an d  
ju s t i fy  th e  n o m en c la tu re  proposed fo r th e  existing  ty p es .

M aterials and m ethods

1. S trains

T he original c u ltu re  was a lw ays o b ta ined  by  in o cu la tin g  in to  b ro th  a 
se p a ra te  S-type colony from  a 4 8 -h o u r ag a r-p la te  cu ltu re . This ensu red  th e  
u n ifo rm  serological b eh av io u r of th e  cu ltu re s . E . rhusiopathiae  s tra in s  iso la ted  
b o th  here  and  ab ro ad  w ere freeze-d ried  a fte r  cu ltu rin g  in  horse m e a t b ro th  
co n ta in in g  20%  horse serum  for 24 h o u rs  a t  37 °C. All b u t  four s tra in s  o f th e  
hom e isolates have  been  described in  p rev ious p ap ers  ( K u c s e r a , 1962, 1963, 
1964, 1971). The s tra in s  Pécs 4586 an d  Pécs 4587, iso la ted  by  F o r r a y  in 1971 
fro m  tonsils of h e a lth y  pigs, were fo u n d  to  belong to  sero ty p e  L, one o f th e  six 
new  ty p e s  rep o rted  p rev iously  ( K u c s e r a , 1971), w hile s tra in s  Pécs 3596 an d  
P écs 3597, from  th e  sam e source, did n o t reac t w ith  p rec ip ita tin g  an tise ra  to  
a n y  o th e r E . rhusiopathiae  s tra in  a n d  an tise ra  p rep ared  w ith  th em  in  ra b b its  
re a c te d  exclusively w ith  th e  hom ologous an tigen .

T he stra in s used  in  th e  ex am in a tio n s  and  th e  d a ta  of th e ir  origin are  
sum m arized  in T ab le  I.

T ype stra ins from  ab ro ad  w ere k in d ly  supplied b y  D r. W e l l m a n n , D r. 
H e u n e r , D r. E w a l d , D r. T r u s z c z y n s k i , D r. Ca s t r o  an d  D r. M u r a s e  and  
th e  a u th o r  wishes to  ta k e  th is  o p p o r tu n ity  to  express his ap p rec ia tio n  for th e ir  
co u rte sy .

2. Preparation o f  antigen

a)  A u toclaved  an tig en  for p re c ip ita tio n  te s ts  w as p rep ared  from  cu ltu res 
grow n in horse m e a t b ro th  con ta in in g  10%  horse serum  for 48 h ours a t  37 °C. 
A fte r  cen trifuga tion  a t  5000 r .p .m . fo r 30 m inutes th e  cu ltu res w ere w ashed
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th re e  tim es in an equal vo lum e of saline, th e n  th e  b a c te ria l sed im en t w as re 
suspended  in  1/30 of th e  o rig inal vo lum e o f d istilled  w a te r. T h e  b ac te ria l sus
pension  w as h e a t- tre a te d  in  au to c lav e  fo r 1 ho u r a t  120 °C, a n d  a fte r  add ing  
m e rth io la te  in  1 : 10.000 e n d co n cen tra tio n , for p re se rv a tio n , s to red  in  th e  
re fr ig e ra to r  u n til used.

I t  should  be n o te d  th a t  th e  b ro th  m edium  w as a lw ays p rep ared  from  
horse m ea t; experiences of m any  years  h av e  shown th a t  th is  is im p o r ta n t for 
o b ta in in g  a good an tigen . A dd ition  of 10%  horse serum  to  b ro th  p rep ared  from  
o th e r species, never has th e  sam e effect, a lth o u g h  recen tly  W h i t e  and  V e r - 
w e y  (1970) have p resen ted  convincing  p ro o f o f th e  s tim u la to ry  ac tio n  of horse 
serum  on syn thesis o f th e  p ro tec tiv e  an tig en  o f E . rhusiopathiae. Use of a basa l 
m ed ium  o th e r th a n  horse m e a t b ro th  can easily  f ru s tra te  th e  ty p in g  of ce rta in  
w eak  an tig en  producing  s tra in s .

b)  Tw o typ es o f an tig en , form ol-k illed  and  live b a c te ria , b o th  were used 
for th e  p rep ara tio n  of p re c ip ita tin g  sera. T h e  form ol-killed an tig en  was p re 
p a red  as follows: the  cu ltu re  w ashed  th ree  tim es as described  in th e  foregoing 
w as m ade u p  to  a d en sity  o f B row n degree 4 in  saline co n ta in in g  0 .2%  fo rm alin , 
p laced  in  th e  in cu b a to r for 24 hours an d , a f te r  s te rility  te s ts  in  solid and  liqu id  
m ed ia , s to red  in th e  re frig e ra to r u n til  use. T he live an tig en  w as p rep ared  sim i
la rly , excep t th a t  th e  w ashed  b a c te ria  w ere suspended in p la in  saline.

3. Preparation o f  precip ita ting  sera

F o rm a lin -in ac tiv a ted  an tig en  w as ad m in is te red  in tra v e n o u s ly  to  ra b b its  
w eighing 2.5 — 3 kg on fou r occasions a t  4 -d ay  in te rva ls , u sing  doses rising  
from  1 to  4 m l. S ub seq u en tly  th e  an im als w ere tre a te d  w ith  live an tig en  on th e  
sam e schedule. The ra b b its  w ere k illed  b y  bleeding eight day s following th e  
la s t an tig en  a d m in is tra tio n , a f te r  s ta rv a tio n  for the  la s t 24 h o u rs . Sera collect
ed a f te r  c lo ttin g  were p reserv ed  w ith  1%  m erth io la te  in saline to  an  endcon
c e n tra tio n  o f 1 : 10.000 an d  s to red  in  th e  re frig era to r. Sera no longer reacting  
w ith  th e  hom ologous an tig en  a t  d ilu tions o f 1 : 32 — 1 : 64 w ere excluded  from  
th e  exam ina tions.

4. Precipitation tests w ere carried  o u t b y  the  double a g a r gel diffusion 
m eth o d  of O u c h t e r l o n y  (1949). F ifteen  m l m elted  ag ar w as p o u red  in to  each 
10 cm  d iam ete r P e tr i  d ish  an d  a fte r  so lid ifica tion  7 m m  d ia m e te r  wells, spaced 
e q u id is ta n tly  6 m m  from  one a n o th e r, were c u t in to  th e  ag a r p la te  to  held  se
ru m  an d  an tig en . P la te s  w ere re a d  a f te r  in cu b a tio n  for 48 h o u rs  a t  37 °C and  
ag a in  a f te r  being allow ed to  s ta n d  a t  room  te m p e ra tu re  for th re e  fu r th e r  days.
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Table 1

Data of strains examined

Designation of strain
Origin of strain

Isolated by Country Species Described by Year Type

422/1 Unknown USA unknown H e u n e r 1958 A 2
N F 4 Unknown USA unknown H e u n e r 1958 b 2
EW  2 Gla d h ill U.K . unknown H e u n e r 1958 a 2

EW 24 Gr.ADJIILI. U.K . unknown H e u n e r 1958 a 2
MEW 22 Gla d h ill U.K. unknown H e u n e r 1958 N
Seelachs W ellm ann GFR fish H e u n e r 1958 B 2
W ittling W ellm ann GFR fish H e u n e r 1958 c
Doggerschabe W ellm ann GFR fish H e u n e r 1958 D
H eilbutt W ellm ann GFR fish H e u n e r 1958 D
Kuniyasu MURASE Japan pig Murase 1959 A
A -l Murase Japan pig Murase 1959 В
P-190 MURASE Japan fish Murase 1959 C
P-32 Murase Japan fish Murase 1959 D
P-43 Murase Japan fish Murase 1960 E
P-92 Murase Japan fish Murase 1960 F
P T ruszczynski Poland ground squirrel T ruszczynski 1963 P
G-4 (S-52) Castro Brazil pig Castro 1969— 70 I (I)
JAC-10 (S-66) Castro Brazil pig Castro 1 9 6 9 -7 0 II (J)
4-PH (S-4) Castro Brazil pig Castro 1969—70 HI (K)
T 131 E wald GFR pig E wald 1967 H
A 360 Unknown unknown unknown D é d ié 1949 A
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Table II  

Results o f agar gel diffu -

A n t i g e n s P r e c i p i t a t i n s

Designation 
of strain Described by Year Type

A
 3

60

K
un

iy
as

u

EW
 2

Sz
en

te
s—

2

В. А
-l

N
F 

41
2

1 W
itt

lin
g

D
og

ge
r

A 360 D é d i é 1949 A “h

K uniyasu MuRASE 1959 A + +

E W  2 H e u n e r 1958 A2 + — + + — — — — —

Szentes— 2 KUCSERA 1970 A 2 + — + + — — — —

в 4 D é d i é 1949 В — — — — + + + — —

A — 1 MURASE 1959 В — — — — + + + — —

N F  412 H e u n e r 1958 в . — — — — + + +

W ittling H e u n e r 1958

Doggerschabe H e u n e r 1958 D

MEW  22 

P -1 9 0  

JAC 10(S-66) 

P écs— 67

H e u n e r

Mu r a se

Castro

K u csera

1958 N

1959 C

1970 II.(J)

1970 1 L

P - 3 2

G— 4 (S—4) 

Túzok  

P — 43 

T 131

Mu ra se

Castro

K u csera

Mu r a se

E w ald

P 92 

Goda 

Kaparék 

P

Mu r a se

K u csera

K u csera

T ru szczy nsk i

1959 D

1970 I. (I)

1970 M

1960 E

1967 H

I960 F

1970 0

1962 E

IV. 12/8 K u csera

1963

1964

4 PR  (S—4) 

Pécs—9

P é c s - 56

Castro

K u c se r a

K u csera

1970 1 III. (K) 

1970 i I

1970 ' J

Iszap—4 

Pécs 3596

K u c ser a

K u csera

1970

1971
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s ió n  p r e c i p i t a t i o n  te s ts
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Table III

System  and type designation proposed for serologic a

Type 1 Type 2

Designation of strain Described by Year Type Designation 
of strain Described by Year Type

A 360 D é d ié 1949 A в, D é d ié 1949 В

E W  2 H e u n e r 1958 A , NF 4 H e u n e r 1958 в .

K uniyasu Murase 1959 A A-l Murase 1959 в

Type 5 Type 6

P-190 Murase 1959 C P-32 Murase 1959 D

Jac-10
(S-66)

Castro 1969
(1970)

I I
(J)

G-4
(S-52)

Castro 1969
(1970)

I
(1)

Pécs-67 K ucsera 1970 L Túzok K ucsera 1970 M

Type 9 Type 10

Kaparék K ucsera 1962 E p T ruszczynski 1963 P

Type 13 Type 14

Pécs-56 K ucsera 1970 .1 lszap-4 K ucsera 1970 K

Results

T he p re c ip ita tio n  te s ts  w ere se t up  in a checkerboard-like system , using  
a n tig e n s  and  p re c ip ita tin g  sera p ro d u ced  by  m eans of hom e an d  foreign s tra in s . 
E a c h  te s t  was ca rried  ou t in a t  le a s t tw o  replicas. The resu lts  a re  sum m arized  
in  T ab le  2. To fa c ilita te  o r ie n ta tio n , only  one rep re sen ta tiv e  s tra in  has been 
in c lu d ed  for each sero ty p e  describ ed  by th e  d ifferen t a u th o rs  and  id en tica l 
re su lts  o b ta in ed  w ith  o th e r s tra in s  o f  th e  sam e ty p e  have been o m itted .

As can be seen from  T ab le  I I ,  th e  typ es described  b y  M u r a s e  e t al. 
(1959) as C and  D do no t co rresp o n d  w ith  H e u n e r ’s (1958) id en tica lly  d eno ted  
ty p e s  estab lished  earlier, b u t  do co rrespond  w ith  K u c s e r a ’s L an d  M (1971) 
as well as Ca s t r o ’s I 1 (J )  an d  1(1) ty p e s . M u r a s e ’s ty p e  E  s tra in  (1960) is n o t 
id en tica l w ith  K u c s e r a ’s ty p e  E ,  b u t  i t  shows a c ross-reaction  w ith  E w a l d ’s 
ty p e  H  (1967). M u r a s e ’s ty p e  F  corresponds w ith K u c s e r a ’s ty p e  О (1971), 
w hile  Ca str o  (1969, 1970) used  th e  designation  I I I  (K ) for th e  ty p e  described  
b y  K u c s e r a  (1971) as sero ty p e  I .  T h e  d ifferen tia tion  of th e  rem ain ing  se ro 
ty p e s  is reasonab le , because th e ir  specific  an tisera  reac ted  exclusively  w ith  th e  
hom ologous an tig en .
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classification of E. rhusiopathiae strains

T ype 3 T ype 4

Designation of strain Described by Year Type Designation 
of strain Described by Year Type

W ittling H e u n e r 1958 C Dogger
schabe H e u n e r 1958 D

Type 7 ! Type 8

T-34 Murase I960 E P-92 Murase 1960 F
P-131 E w a i.d 1967 H Goda K ucsera 1970 0

1 Type 11 1 Type 12

IV.12/8 K ucsera 1964 G 4 PR  
(S 4)

Castro 1969
(1970)

III
(K)

Pécs-9 K ucsera 1970 .1

Type 15

Pecs-3596 K u csera 1971

The irreg u la r serological in a c tiv ity  of s tra in  G-4 (S-52) from  B razil was 
a lre a d y  described  in a prev ious p ap e r ( K u c s e r a , 1971).

To fac ilita te  u n d e rs tan d in g , ty p e  id e n titie s  and  differences are ta b u la te d  
in T ab le  I I I .  F rom  th is  it  can be easily seen w hich s tra in s  belong  to  one and  th e  
sam e ty p e , desp ite  th e ir  d issim ilar designations, an d  which rep re sen t d iffe re n t 
ty p e s , despite  th e ir  iden tical designations.

D iscussion

W ith  au to c lav ed , m erth io la te -p reserved  an tigens an d  h ig h -titre  p recip i
ta t in g  sera, th e  ag a r gel diffusion p re c ip ita tio n  te s t  p roved  to  be a reproducib le , 
sim ple and  reliab le m e th o d  for th e  s ta n d a rd iz a tio n  of serological ty p in g  of E . 
rhusiopathiae  s tra in s . T he use of th is  m e th o d  for co m p ara tiv e  stud ies of E . 
rhusiopathiae  se ro ty p es deriv ing  from  d iffe ren t p a r ts  o f th e  w orld  an d  described 
by  vario u s a u th o rs , p e rm itte d  a revision o f ty p e  d iffe ren tia tio n , e.g. revealed 
th e  d iscrepancy  o f s tra in s  originally  desig n a ted  sim ilarly  an d  th e  id e n tity  of 
s tra in s  prev iously  designated  d ifferen tly . T h u s i t  was possible to  f i t  E . rhusio
path iae  s tra in s  of d iffe ren t origin in a un iform  serological sy stem .
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T he decision now  rem ains to  be ta k e n  as to  w h a t f in a l system  of sym bols 
sh o u ld  be adop ted  fo r ty p e  desig n a tio n , w ith  special reg a rd  to  avoid  d ifficu lties 
in  th e  id en tifica tio n  o f  ex isting  an d  fo rth co m in g  erysipelas ty p es .

A lthough  th e  use o f  successive le tte rs  o f th e  a lp h a b e t has been th e  a c c e p t
ed  p rac tice  for a lm o st a q u a rte r  o f a c e n tu ry , insistence on th is  schem e does 
n o t  seem  fo rtu n a te  because  on th e  one  h an d  it  w ould be v e ry  d ifficu lt to  es
ta b lish  w ith in  it th e  co rrec t ch ro n o lo g y  o f ty p e  d escrip tio n s, while on th e  
o th e r  h an d  th e  a lp h a b e t m igh t b ecom e ex h au sted  sooner th a n  ty p es s till to  
be  id en tified . The seria l n u m b erin g  of th e  sero types used  in  T ab le  I I I  seem s to  
be a m ore reasonab le  ap p ro ach , a llo w in g , as it  does, n o t only  an  u n lim ited  
ex ten s io n  of th e  sy s tem , b u t  also ch rono log ica l sequence o f ty p e -d esc rip tio n s .

To designate v a r ia tio n s  of a n tig e n ic  p a tte rn  w ith in  a given se ro ty p e , as 
in  A  an d  В p o stf ix io n  o f a sm all l e t te r  to  th e  ty p e  n u m b erin g  is p roposed  
(e .g ., l a ,  lb ,  2a, 2b fo r ty p e s  A x, A 2, B 15 B 2 respective ly ). F re q u e n t v a ria tio n s  
w ith in  certa in  se ro ty p es shou ld  also be  ta k e n  in to  co n sid e ra tio n  — b u t  th is  
w ill be th e  sub jec t o f a su b seq u en t p a p e r .

A p a rt from  th e  p roposed  seria l n u m b erin g , th e  le t te r  N  should  be re ta in 
ed  for the  d esig n a tio n  o f those  s tra in s  w hich e ith e r  h av e  no type-spec ific  
a n tig e n  a t  all or possess one in  such  a low  am o u n t fo r i t  to  be u n d efin ab le  b y  
th e  u su a l m ethods. A fu r th e r  c r ite r io n  o f c lassifica tion  in to  ty p e  N shou ld  
be  th e  absence of a n tib o d y  s t im u la tio n  a f te r  inocu la tion  in to  ra b b it, v iz. th e  
ab sen ce  of a p re c ip ita tio n  reac tio n  e v e n  w ith  th e  hom ologous an tigen .

SUMM ARY

Comparative serological studies by m eans o f the agar gel precipitation test using au to 
claved  antigens of 45 Erysipelothrix  rhusiopathiae  type strains iso lated  in H ungary and abroad  
are reported.

I t  was found th a t certain types designated w ith an identical letter are serologically  
unrelated , whereas several types having different designations belong to one and the same 
serological group. Am ong others, the strains described by M u r a se  et al. as types C and D  
differ from H e u n e r ’s C and D types, but correspond w ith Ca stro ’s II (J) and I (I) and K u- 
CSERa ’s L and M strains. M ü r a s e ’s strain E  is not identical w ith  K u c se r a ’s sim ilarly designated  
ty p e , but it gives a crossreaction w ith E w a l d ’s type strain H . Mtjrase’s type F and K u- 
c s e r a ’s type О represent a single serological group, as do Ca stro ’s typ e  III  (K ) and K u c se r a ’s 
ty p e  I. Differentiation o f the other exam ined serotypes [A, B (D é d ié ); A 2, B 2, C, D (H e d n e r ); 
P (T ru szczy n sk i); E, G, J, K , w ithout designation  (K u c se r a )] still seems justified . A new  
serotype, isolated from  the tonsils o f a h ea lth y  swine, was also established.

In a view  of the present nom enclatural confusion of E. rhusiopathiae  serotypes, described  
b y  different authors, a uniform  schem e of type designation b y  serial num bering is pro
posed . The known serotypes would be num bered from 1 to 15, w ith  as m uch consideration as 
possible being given to the chronological sequence o f type descriptions, and intratypic variations 
o f  antigenic pattern w ould be designated b y  a small letter postfixed  to the serial num ber. 
The designation N  should be retained from  the alphabetic system  for those strains w hich do 
n ot possess a type-specific antigen and consequently  do not even stim ulate hom ologous antibody  
production. Using the proposed form o f  term inology, designation of forthcom ing serotypes 
w ould fail any d ifficu lty .

The proposed serological classification of the E. rhusiopathiae strains is, accordingly, as 
follow s: Type la  =  A360 (A, D é d ié ), Type lb =  EW2 (A 2 H e u n e r ), Type 2a =  B4 (B , D é 
d i é ), Type 2b =  N F 4 ( B 2 H e u n e r ), Type 3 =  W ittling (C, H e u n e r ), Type 4 =  Doggerschabe
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(D , Heuner), Type 5 — P-190 (C, Mu r a s e ), Type 6 =  P-32 (D , Mu r a s e ), Type 7 =  P-43 (E , 
Mu r a s e ), Type 8 =  P-92 (F , M u r a s e ), Type 9 =  Kaparék (E , K u c se r a ), Type 10 =  P  (P, 
T ru szczy n sk i), Type 11 =  IV 12/8 (G, K u c se r a ), Type 12 =  4 P R  (S4) (III , viz. K, Castro), 
Type 13 =  Pécs-56 (J, K u c se r a ), Type 14 =  Iszap-4 (K , K u c se r a ), T ype 15 =  Pécs-3596 
(undesignated, K u csera ).
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The in ten sifica tio n  of livestock  fa rm in g  an d  above a ll th e  specialization  
o f  h e rd s  and  flocks h as  im posed new  ta sk s  on v e te rin a ry  lab o ra to rie s . A m ong 
o th e rs , th e  freq u en t o u tb reak s  of v ira l disease — an d  th e ir  o ften  serious con
sequences — requ ire  fa s t  an d  reliab le ro u tin e  d iagnostic  m e th o d s to  fac ilita te  
d e tec tio n  and  p rev en tio n  o f la te n t in fec tio n s in  seem ingly  h e a lth y  stock  an d , 
in  th e  long run , th e  e s tab lish m en t o f  “ c lean ”  herds an d  flocks. Owing to  th e  
sp eed y  expansion o f  in tensive  farm ing , how ever, v e te r in a ry  in s titu tio n s  can  
ra re ly  cope w ith m ore th a n  a frac tion  o f  d iagnostics, th ro u g h  th e  lack  of t r a in 
ed  personnel and  fac ilities . The tra d it io n a l  d iagnostic  m e th o d s  of v iru s iso la 
tio n  and  dem o n stra tio n  o f specific an tib o d ie s  in convalescen t sera are laborious 
a n d  tim e-consum ing  procedures as long  as tissue cu ltu res  grow n in tu b es are 
em ployed  for th e  p u rp o se .

S chmidt (1966) has described a technique w ith  which he was able to dem onstrate 
neutralizing antibodies to  parainfluenza viruses b y  m eans of m onolayers grown in the U-shaped  
wells of Takátsy’s m icrotitrator plates (T a k á t s y , 1955). A sim ilar m ethod was elaborated  
for titration of swine adenovirus strains b y  K w oN  and Spr a d b r o w  (1971), while B ibr a c k  
and McK erch er  (1971) has determined neutralizing antibodies to adenoviruses in cattle sera 
b y  m eans of a m icrotest procedure.

In  this in s ti tu te  a sim ple, re liab le  m icro techn ique has been e lab o ra ted  
fo r th e  qua lita tiv e  a n d  q u a n tita tiv e  d e te rm in a tio n  o f specific  an tibod ies to  
c y to p a th ic  v iruses. T h is m ethod  n o t o n ly  enables th e  d iag n o stic  d e te rm in a tio n  
o f  m an ifest and  la te n t  v ira l infections b u t  can  also be used  fo r t i tra tio n  of v i
ru ses  tre a te d  w ith  d esin fec tan ts  or v iro c id a l agen ts. I ts  p rin c ip a l ad v an tag e  is 
t h a t  it  increases w o rk ing  efficiency 10 — 20 tim es over t h a t  fo r tu b e  cu ltu re  
a ssay s , while th e  m a te r ia l  req u irem en ts  (cells, tissue c u ltu re  m edium , g lass
w are) are 20 —40 tim es  less.

A ppara tus a n d  m ate ria l:
a)  P lastic  t i t r a t in g  p la tes of T a k á ts y ’s M ic ro titra to r  S et* , each p la te  

co n ta in in g  96 (8 X 12) U -shaped  wells o f 0.2 ml useful vo lum e.

* Supplied by Labor Műszeripari M űvek, Budapest.
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b)  D ropper p ip e tte s  of 0.025 m l vo lum e;
c) T a k á tsy ’s d ilu tin g  cups o f 0.025 m l volum e
d )  P rim a ry  tissu e  cu ltu res or cell lines plus m ed ia  req u ired  for th e ir  

m a in te n a n c e ;
e)  V irus s tra in s  o f a p p ro p ria te ly  h igh  t i tre  and  sera  o f  know n a n tib o d y  

c o n te n t;
f )  O ther e q u ip m en t: in c u b a to r (37 °C), p ip e tte s , f la sk s , p lastic  boxes 

w ith  tig h tly  f i t t in g  lids or a su itab le  in c u b a to r  to  p reserve  a C 0 2 enriched  a t 
m osphere, in v e rted  m icroscope for read ings.

A p p ara tu s  a n d  m ate ria ls  are  p re p a re d  as follows:
The t i t r a t in g  p la te s  are  th o ro u g h ly  in  d istilled  w a te r  an d  sterilized  w ith  

UV rad ia tio n  from  30 cm d istance  for 30 — 60 m in u tes . P la te s  p rep ared  b y  
in jec tio n  m oulding a n d  packed  a t  th e  fac to ry  need no a d d itio n a l s te riliza tio n . 
D io p p e rs  m ust n o t be h ea t-s te rilized ; th e y  should  be so ak ed  in  a d is in fec tan t 
easily  rem oved b y  w ash ing  (e.g. 2 %  Io sa n  solu tion) an d  le ft to  s ta n d  in  d istilled  
w a te r  for 1 — 2 days a f te r  d isin fection . D ilu tio n  cups are  f lam ed  p rio r to  use. 
W ash in g  an d  s te riliz a tio n  of th e  g lassw are are  carried  o u t accord ing  to  th e  
p rocedures com m only  em ployed in  v iro logy .

Cells grow n on th e  p la tes req u ire  th e  sam e m edia as tu b e  cu ltu res. T hey  
a re  p rep ared  by  th e  u su a l p ro ced u re ; th o u g h  cells from  p r im a ry  cu ltu res or 
cell lines should be u sed  for p reference, because fresh ly  try p s in iz e d  suspensions 
m a y  con ta in  m an y  in ju red  elem ents.

V irus inocula a n d  a liquo ts of serum  are  b o th  d ilu ted  w ith  H an k s’ so lu 
tio n  con ta in ing  0 .5 %  lac ta lb u m in  h y d ro ly sa te .

As th e  tissue  cu ltu res  grow n in th e  wells are  n o t a ir t ig h t , it  m ust be 
a rran g ed  for th e  su rro u n d in g  a ir  to  co n ta in  5 —10%  C 0 2. F o r  th is  p u rpose , 
th e  p la te s  should e ith e r  be p laced in  boxes w ith  a ir t ig h t lids or in a special 
in c u b a to r  a u to m a tic a lly  supp ly ing  th e  req u ired  c o n cen tra tio n  of CO.,.

V irus n e u tra liz a tio n  te s ts  can  be perfo rm ed  in  th e  w ells con ta in ing  th e  
cell cu ltu re  to  d e te rm in e  th e  a n tib o d y  t i t r e s  in te rm s o f e ith e r  th e  n e u tra liz a 
tio n  index , or serum  d ilu tion .

F o r serum  d ilu tio n  te s ts  th e  wells o f th e  p la tes shou ld  h av e  an  U -shaped  
cross section . F irs t 0.025 m l d ilu tin g  flu id  is p laced in  each  well b y  m eans o f  
th e  d ro p p er p ip e tte . T h e  serum  sam ples to  be te s ted , a long  w ith  positive an d  
n eg a tiv e  contro l se ra , a re  th e n  d ilu ted  in  tw ofo ld  seria l s tep s , each  in  a sep a ra te  
row  of wells, by  m eans of the  d ilu tin g  cups. One or m ore row s on each p la te  
shou ld  be left c lear fo r v iru s con tro ls . D ilu tio n  ranges a re  1 : 2 — 1 : 256 in  
sh o rt rows (8 wells) a n d  1 : 2 — 1 : 4096 in  long rows (12 w ells). A fter d ilu tion  
o f th e  serum , 20- 100 T C ID 60 v iru s  in 0.025 m l volum e is ad d e d  to  each d ilu 
tio n  step  and th e  p la te s  are in c u b a te d  for one hour a t  37 °C, to  allow  n e u tra li
za tio n  to  tak e  p lace.

F o r th e  v iru s d ilu tio n  (n eu tra liza tio n  index) p rocedure  th e  serum  sam ple
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is p re p a re d  as usual an d  0.025 m l, d ilu te d  1 : 2 or 1 : 5, as req u ired , is  p laced  
in  each  well o f a h o rizo n ta l row. V irus d ilu tio n s in the  range  of 10()— 107 are 
th e n  d ropped  in  th e  wells o f a v e rtic a l row , likewise 0.025 m l vo lum e p e r well. 
T h e  serum -v irus m ix tu re  is in cu b a ted  fo r one ho u r a t  37 °C, d u rin g  w hich  th e  
p la te s  should p re fe rab ly  be k e p t in  a m o is t a ir tig h t cham ber to  p re v e n t ev a p 
o ra tio n .

A fte r in cu b a tio n , tw o drops (0.05 m l) o f cell suspension are  p laced  in 
each  well; cell counts v a ry  betw een  15 — 50 th o u san d  depend ing  on th e  ty p e  of 
cell.

Fig. 1. Uninoculated Secondary bovine testicle  tissue culture, 36 hours 35 X

A t th is  stage of th e  te s t  each w ell co n ta in s  0.025 m l te s t  se rum , 0.025 ml 
v iru s  an d  0.05 m l cell suspension, m a k in g  a to ta l  volum e o f 0.1 m l. To con tro l 
w ells a corresponding  a m o u n t of d ilu e n t is ad d ed  for w h a tev er in g red ien t w as 
o m itte d .

T he p la tes are  th e n  piled on to p  o f  one an o th e r, th e  to p m o s t one is cov
e red  w ith  an  em p ty  p la te , and  th e  p ile  is p laced  in a box  w ith  an  a ir t ig h t  lid . 
P r io r  to  closing th e  lid , w et co ttonw oo l shou ld  be placed in  th e  box  to  p rev en t 
e v a p o ra tio n  and  a b o u t 5 — 10 per c en t b y  volum e C 0 2 ad d ed  to  th e  a tm o sp h ere . 
D u rin g  subsequen t in cu b a tio n  a t  37 °C, th e  cells m u ltip ly , an d  w here  ac tive  
v iru s  is p resen t th e  wrells w ill show c y to p a th ic  changes (Figs 1, 2, 3). T he cy to- 
p a th ic  effect (CPE) is read  w ith  an  in v e r te d  m icroscope a t  low  (25 X ) m agn i
f ic a tio n . R eading  tim es a re  th e  sam e as fo r n e u tra liz a tio n  te s ts  in  tu b e  cu ltu res .
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Fig. 2. Secondary bovine testic le  tissue culture inoculated w ith Aujeszky virus. Early cyto
pathological changes. 35 X

Fig. 3. Secondary bovine testic le  tissue culture inoculated w ith  Aujeszky virus. T otal de
struction. 35 X
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Aujeszky virus

Bovine adenovirus typ e  ]

Virus of Bovine Viral 
Diarrhoea

IB R  virus

Bovine adenovirus type 8

Control uninoculated tissue  
cultures

Fig. 4. E stim ating the titre  o f different viruses

Cell cu ltures can  be fix ed  for re a d in g  b y  th e  usual m e th o d s  (e.g. by  p lac 
ing  th e  plates in 10%  fo rm alin  so lu tion , w hich has th e  a d v a n ta g e  of k illing  
th e  ac tiv e  virus). F ix ed  cu ltu res  can  be  s ta in e d  e ither b y  th e  com m on te c h 
n iq u es or w ith  sim ple an ilin e  dyes. C hanges can be read  w ith  th e  naked  eye, b e 
cause  cells no t affec ted  b y  th e  virus fo rm  a coheren t lay e r, w here as u n n e u tra l
ized  v irus causes th e  cell layer to  d e ta c h  or b reak  up  (F igs 4, 5). F ix ed  a n d  
s ta in e d  p lates can be s to re d  and  used to  docum ent th e  re su lts  a t  a la te r  d a te .

A nother w ay o f ca rry in g  ou t th e  m ic ro -n eu tra liza tio n  te s t  is f ir s t  to  
p lace  th e  cell suspension  in  th e  wells a n d , a f te r  the  cell sh e e t has grow n 1 —6 
d ay s la te r  to  rem ove th e  g row th  m ed iu m  b y  a pow erfu l k n o ck  of th e  p la te  
a g a in s t b lo tting  p a p e r an d  then  rep lace  it w ith  p re in c u b a te d  se ru m -v iru s  
m ix tu re . P re -cu ltu red  cell sheets can  also  be used for v iru s  t i t ra t io n  in  th e  
w ells.
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Serum dilutions 1:

100 TCID50/m l A ujeszky virus

Hyperim m une serum  
against Aujeszky virus + 1 0 0  
TCID50/m l A ujeszky virus

Sera to be determ ined

Control uninoculated tissue  
cultures

Fig. 5. E stim ating the neutralizing antibodies against Aujeszky virus in swine sera

T he p la te - t i t ra t io n  m eth o d  is su itab le  for de tec ting  o f  th e  v iruses su rv iv 
al in  resistance  te s ts  to  v a rious agen ts (h ea t, d isin fec tan t, a n tiv ira l  substances, 
ca tio n s, p H , e tc .). F o r  th is  pu rpose  th e  v iru s  m a te ria l is d ilu ted  in ten fo ld  
se ria l steps. D ilu tio n s can  be p rep a red  d irec tly  on the  t i t r a t in g  p la te , as follows: 
Tw o p la tes are  u sed . F o u r  drops (0.1 m l) o f d iluen t are  p laced  in  each well o f 
th e  f irs t (aux ilia ry ) p la te  an d  one d rop  (0.025 ml) in th e  w ells o f the second 
(w orking) p la te . U n d ilu te d  v iru s is th e n  ta k e n  up w ith  th e  t i tra tin g  cup  
(0.025 ml) an d  sw irled  w ith  th e  co n ten ts  o f th e  firs t well o f th e  aux ilia ry  p la te  
to  d ilu te  th e  v iru s  1 : 5 .  T he cup is th e n  flam ed  to  rem ove th e  ad h e ren t v iru s , 
allow ed to  cool a n d  used  to  tak e  u p  0.025 m l of 1 : 5 d ilu te d  v iru s from  th e  
a u x ilia ry  p la te . T h e  c o n ten ts  o f filled  cup are  th en  tra n s fe r re d  to  the  second 
well in th e  f irs t row  o f th e  w orking p la te  an d  ro ta te d  to  d ilu te  th e  v irus 1 : 10. 
T h is d ilu tion  is tra n s fe rre d  to  th e  second well o f th e  a u x ilia ry  p la te  in w hich a 
1 : 50 d ilu tion  is o b ta in e d  b y  sw irling th e  cup . The la t te r  is ag a in  flam ed, cool
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ed , an d  filled w ith  1 : 50 d ilu ted  v iru s  fo r tran sfe r to  th e  th ird  well o f th e  
w ork ing  p la te , in w hich th e  1 : 100 d ilu tio n  is p rep a red . T he p rocedure  is 
co n tin u ed  u n til  th e  req u ired  series o f d ilu tio n s  is ob ta in ed . F lam in g  of th e  cup 
a f te r  au x ilia ry  d ilu tions is im p o r ta n t , because it  co rresponds to  a p ip e tte  
ch an g e . E rro rs  can  be p rev en ted  b y  co lou ring  the  d ilu en t u sed  in  th e  w ork ing  
p la te  w ith  phenol red  an d  leav ing  th e  f lu id  aux ilia ry  d ilu tio n s colourless. S ev
era l cups can of course be u tilized  s im u ltan eo u sly , if  req u ired .

The m ethod  is su itab le  for th e  ex am in a tio n  of all v iru ses  causing  easily  
recognizable cy to p a th ic  changes. T h e  u n p reced en ted  econom y o f m a te ria ls  an d  
w ork offered b y  th e  m ic ro titra to r  se t p e rm its  very  rap id , b u t  p recise , p e rfo rm 
ance  of m ass exam in a tio n s. T he te c h n iq u e  is so sim ple t h a t  even  lab o ra to rie s  
n o t  equ ipped  for viro logical in v e s tig a tio n s  can jo in  in  m ass d iagnostic  w ork 
p ro v id ed  th e y  receive ad eq u a te  s u p p o r t from  a specialized  la b o ra to ry .

SUM M ARY

A very rapid, exceptionally  econom ic and reliable m icro-m ethod has been elaborated  
for the diagnostic dem onstration of virus-neutralizing antibodies. The m ethod uses m onolayer 
cell cultures established in the U-shaped wells o f titrating plates o f T akátsy’s M icrotitrator Set 
in  place of tube cultures, the results o f the neutralization tests performed w ith  m icro-cell cul
tures being read w ith an inverted m icroscope. The procedure is suitable for neutralization tests  
o f  all viruses which cause easily recognizable cytopath ic changes and is especially valuable for 
the screening of herds or flocks for laten t v iral infection.
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FLOCKS IN HUNGARY

(T Y P E  3, 4 A N D  6 AVIAN IN FL U E N Z A  V IR U S E S)

By

J. Tanyi

V eterinary In stitu te  ( Director: G. H a jd ú ),
Debrecen

(R eceived January 12, 1972)

Nearly one hundred avian influenza virus strains of eight serological types have up to 
now been isolated from more than  ten  bird species. About 20 of these belonging to 6 serotypes, 
have been isolated from respiratory diseases o f several weeks old ducklings since 1953.

Five influenza virus strains, representing three different serotypes, were isolated from  
growing and adult duck flocks in H ungary in 1970 — 71. This paper is a report of the clinical 
flock  histories and o f the identification  and typing of the strains.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (3 ), pp. 271—278 (1972)

Materials and methods

Virus iso la tion , agar-gel d iffusion p rec ip ita tio n  te s t ,  h aem ag g lu tin a tio n  
(H A ) and h a e m a g g lu tin a tio n  in h ib ition  (H I) te s ts  as well as th e  p rep a ra tio n  
o f  sera for th e  ex am in a tio n s  w ere carried  o u t accord ing  to  th e  u su a l techn iques 
( B e a r d , 1970; P e r e i r a  e t a l., 1966, 1967). R eference an tig en s  and  a n tise ra  
w ere ob ta ined  from  th e  W orld  In flu en za  C entre (L ondon), th ro u g h  th e  com 
p e te n t d e p a rtm e n t o f th e  W orld  H ea lth  O rgan ization  (G eneva).

Specific a n tise ra  to  th e  new  iso lates were p rep ared  b y  im m unization  of 
experim en ta l an im als.

Epizootology, clinical picture and gross lesions o f the natural disease

Outbreak 1 (F a rm  H ). A duckling  flock, consisting  o f  20,000 b irds, th e  
age of 3 —14 day s a v iro log ica lly  verified  duckling h e p a tit is  accom panied  b y  
d isorders re su ltin g  from  a feeding e rro r, pu lm onary  m ycosis and  m ild sligh t 
salm onellosis. M ore th a n  20%  of th e  b irds died in th is  o u tb re a k . Losses fell 
o ff  for a few days a t  tw o  w eeks of age, b u t  still rem ain ed  u n u su a lly  h igh. Six 
to  eight days la te r  th e  m o r ta l i ty  ra te  rose again , th e n  it  d ro p p ed  to  0.5 — 1%  
da ily  and p e rs is ted  a t  th a t  level for several weeks. B y  5 — 6 weeks o f age 
scarcely m ore th a n  h a lf  o f th e  flock  was surv iv ing  an d  d eve lopm en t was u n e 
ven . A m inor p a r t  o f  th e  b ird s  show ed general (listlessness) and  re sp ira to ry  
sym ptom s (dyspnoea , cyanosis). M ost affected  b irds d ied  sh o rtly  a fte r  th e  
onset, u sua lly  w ith o u t show ing o th e r signs; sick, cachectic  ducklings w ere 
seldom  seen. F lock  th e ra p y  w ith  su lphaqu inoxaline , E rra -6  and  N eo-te-sol
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in  succession decreased  th e  losses te m p o ra r ily  by  a b o u t 2 0 % , b u t th e y  rose 
a lm o s t to  the  sam e e x te n t  a f te r  m ed ica tio n  was d isco n tin u ed . A t post m ortem  
ex am in a tio n  of b ird s  above tw o w eeks o ld , p a r tia l or gen era l a irsacculitis  an d  
changes ind ica tive  o f  fowl cholera w ere found . The tw o  p ic tu re s  were u su a lly  
m an ifested  s im u ltan eo u sly , e ith e r o f th e m  alone was ra re . In  bacterio logical 
a n d  m ycological ex am in a tio n s , p a s te u re lla s  were iso la ted  from  m any  of th e  
carcases and  asperg illu s from  som e ch an g ed  a ir sacs.

Outbreak 2 (F a rm  P). A re sp ira to ry  disease affec ting  ducklings 10 days to  
6 w eeks old was o b se rv ed  in a large flo ck  consisting  o f a b o u t 60,000 b irds. T he 
o u tb re a k  s ta r te d  w ith  general sneezing  an d  shak ing  o f th e  h ead  followed b y  a 
d is tin c t rise of losses in  some groups o f th e  ab o u t 10-day-old  b ird s . Some d u ck 
lings died sh o rtly  a f te r  th e  onset o f th e  u p p e r re sp ira to ry  sy m p to m s, h u t 3 — 6 
d a y s  a fte r the  b eg in n in g  of th e  o u tb re a k , th e  course becam e slower an d  th e  
b ird s  sinusitis an d  cachex ia  for severa l day s before th e y  d ied . T he cases ten d ed  
to  decrease in n u m b e r a t  ab o u t 4 — 5 w eeks o f age, b u t su d d en  d ea th s  occurred  
am ong  well developed , h ea lth y -a p p e a rin g  ducklings. Losses persisted  above 
th e  u su a l level th ro u g h o u t th e  period  u n til  m a rk e tin g  a t  8 w eeks.

Gross lesions fo u n d  in th e  carcases o f b ird s th a t  d ied  w hen 10—12 days 
o ld  were alm ost exclusively  a d e lica te  fib rinous a irsaccu litis  an d  serositis; a 
sp o rad ic  occurrence o f  sinusitis  was also n o te d . Some duck lings dying  a t  16 — 21 
d a y s  o f age a d d itio n a lly  show ed changes in d ica tiv e  o f fow l cholera . F rom  th e  
age  o f 21 days, lesions o f th e  re sp ira to ry  disease and  fow l cholera  were u sua lly  
p re se n t s im u ltaneously , and  from  4 — 5 w eeks, the  la t te r  becam e p red o m in an t, 
w hile re sp ira to ry  lesions ten d ed  to  d im in ish  u n til th e y  becam e quite  ra re  b y  
6 — 7 weeks.

B acterio log ically , p asteu re llas w ere iso lated  from  lesions ind ica tive  of 
fow l cholera, w hereas bacterio log ical an d  m ycological iso la tions from  th e  
changed  air sacs w ere b o th  n eg a tiv e . T h e  resu lts  o f flock  th e ra p y  for fowl chol
e ra  w ere v ariab le  b u t  in  general p re v e n te d  m ajo r losses.

There was a h is to ry  of an  a b ru p t  fa ll o f egg p ro d u c tio n  in  th e  b reeder 
flo ck  (5,000 birds) sev e ra l m on ths p rio r to  th e  o u tb reak . T h e  egg yield of th e  
lay e rs , th en  a t  th e  h e ig h t o f th e  egg p ro d u c in g  period, h a d  fallen  p rec ip ita te ly  
to  10%  in ab o u t one w eek an d , a f te r  p e rs is tin g  a t  th a t  level for 3 weeks, h ad  
risen  to  the  ex p ec ted  level again . T he h a tc h in g  ra te  of th e  eggs la id  during  th e  
low -production  p e rio d  h ad  been less th a n  6 0 % , c o n tra s te d  to  th e  an n u a l m ean  
o f  70% . O f th e  p o o rly  h a tch in g  eggs 21 %  h ad  been in fe rtile  w hile th e  num bers 
o f  cullings a t  th e  f i r s t  and  second cand ling  and  s tu ck  em bryos likewise su r
passed  th e  average . D ucks in  th e  b reed e r flock  had  show n no signs of disease 
e ith e r  before, or d u rin g  th e  fall o f egg y ie ld . Scarcely m ore th a n  average losses 
o ccu rred  am ong th e m , an d  th e  carcases show ed only a g enera l haem orrhagic  
d ia th esis , then  a t t r ib u te d  feed tox icosis. T he layers h a d  been  m ark e ted  as 
ta b le  ducks p rio r to  o u r exam in a tio n s.
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Outbreak 3 (F a rm  K ). A dult, b u t n o t y e t lay ing  b ird s developed th re e  
days a fte r re -g roup ing  an d  tran sfe r to  new  prem ises a disease m an ifested  b y  
loss of a p p e tite  an d  listlessness, w hich k illed  3%  o f th e  flock, o rig inally  co n 
sisting  of 6,000 b ird s. T h e  o u tb reak  ceased as su d d en ly  as i t  appeared . G enera l 
organic h y p eraem ia  an d  v isceral uric ac id  disease w ere found  a t  post m o rtem  
ex am in a tio n  o f th e  carcases.

Outbreak 4 (F a rm  P a ). The egg-lay ing  period  of th is  b reeder flock  h ad  
been p ro longed  b eyond  th e  usual tim e, w ith  th e  re su lt th a t  m oulting  coincided 
w ith  an a b ru p t ch illy  tu rn  of w ea ther in  e a rly  w in te r. Losses rose slig h tly  fo r 
a few days, w ith  3 — 5 b ird s  dying daily  in s te a d  of th e  u su a l one. A t p ost m o r
tem  ex am in a tio n , a g enera l organic h y p e raem ia  an d  fib rin o u s a ir sac in f la m 
m ation  w ere found .

Outbreak 5 (F a rm  P ). H a lf  a y e a r a f te r  th e  o b se rv a tio n  of o u tb reak  2 in  
th is  farm  on a b ru p t , u n d e r  very  v a riab le  w in te r  cond itions, b u t sligh t increase  
o f losses was observed  am ong  th e  b y  th e n  non-lay ing  b reeders for a perio d  of 
a b o u t one w eek. G rossly  th e  carcases rev ea led  a genera l hyperaem ia  a n d  a 
fib rinous aerosaccu litis .

Y irological exam in ation s

These w ere p e rfo rm ed  w ith  each o u tb re a k  as follow s: O rgan suspensions 
p rep ared  from  th e  re sp ira to ry  tra c t  (sinus, tra c h e a , lung , a ir sacs) o f fresh  
carcases w ere in o c u la te d  in to  the  a lla n to ic  c a v ity  o f 10-day em b ry o n a ted  
h e n ’s eggs. E m b ry o n ic  d e a th  occurred  w ith in  2 — 6 days a n d  th e  a llan to ic  f lu id  
an d  cho rioallan tioc  m em b ran e  p roduced  a p re c ip ita tio n  reac tio n  w ith  know n 
ty p e  A in fluenza  a n tise ra  in th e  agar-gel diffusion p re c ip ita tio n  te s t. The a lla n 
to ic  flu ids also d isp layed  h aem ag g lu tin a tin g  a c tiv ity . A ntigenic re la tio n s  
d em o n stra ted  b y  H I te s t ,  using p o sitive  reference sera  an d  in a c tiv a te d  a n t i 
gens, are  show n in T ab le  I.

1. T he iso la te  from  o u tb reak  1 (F a rm  H ), fu r th e r  on referred  to  as D u ck  
(H u n g a ry )l/7 0 , was fo u n d  to  be closely re la te d  an tig e n ic a lly  w ith  th e  ty p e  6 
T u rk ey  (W isconsin) 66 p ro to ty p e  s tra in . O n re -ex am in in g  th e  isolate a t  ou r 
req u est D r. G. C. S c h i l d  of th e  W orld  In flu e n z a  C entre  (L ondon), was ab le  to  
confirm  th is  a n d  also estab lish ed  th a t  th e  n eu ram in id ase  a c tiv ity  of th e  s tra in  
is closely re la te d  w ith  th o se  of th e  T u rk e y  (W isconsin) 66 an d  th e  h u m an  in 
fluenza v iru s A 2 s tra in s  (n a tu ra l in fluenza  hy b rid ).

2. T he s tra in s  responsib le  for o u tb re a k  2 am ong  grow ing ducks an d  
o u tb reak  5 am ong  a d u lt  ducks on F a rm  P  d id  n o t d iffer an tigen ica lly  from  one 
a n o th e r an d  b o th  w ere closely re la ted  w ith  th e  s tra in s  D uck  (E ng land ) 56 
an d  D uck (C zechoslovakia) 56 (types 3 a n d  4). T hese iso lates received  th e  
designations D uck  (H u n g a ry ) 2/70 a n d  D u c k  (H u n g ary ) 71, re spec tive ly .
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Table I

E xam ination of avian influenza virus isolated from

Immune sera

Antigens I
D(H)l/70 D(H)2/70 D(H)3/70 (DH)4/70 D(H)71

D uck(H ungary)l/70 1 256 < i 8 < 1 8 < 1 8 < 1 8
Duck(Hungary)2/70 < 1 8 1 256 1 16 1 16 1 64
Duck(Hungary)3/70 < i 8 1 32 1 128 1 64 1 32
Duck(Hungary)4/70 < i 8 1 32 1 64 1 128 1 32
Duck(H ungary)71 < i 8 1 64 1 i6 1 16 1 128
Fowl plague virus < i 8 < i 8 < 1 8 < 1 8 < 1 8
Duck(England)56 < i 8 1 32 < 1 8 < 1 8 1 32

Chicken(Scotland)59 < i 8 < i 8 < 1 8 < 1 8 < 1 8
Duck(England)62 < i 8 1 32 1 32 1 64 1 32
Q uail(Italy)65 < i 8 < i 8 < 1 8 < 1 8 < 1 8
Turkey(W isconsin)66 1 64 < i 8 < 1 8 < 1 8 < 1 8
Newcastle Disease Virus (NDV) < i 8 < i 8 < 1 8 < 1 8 < 1 8
Norm al allantoic fluid < i 8 < i 8 < 1 8 < 1 8 < 1 8

Figures in the Table correspond with the reciprocal values of the highest serum or antigen dilu
tions still capable of 50% inhibition of haem agglutination. Apart from the new isolates and their 
specific antisera, all inactivated influenza antigens and reference sera were supplied by the World 
Influenza Centre (London), through the Veterinary Public Health Departm ent of the World 
H ealth Organisation (Geneva).

3. T he iso la tes from  o u tb reak  4 (F a rm  Pa) and  o u tb re a k  3 (F a rm  K) 
p ro v ed  to  be a n tig en ica lly  re la ted  w ith  th e  ty p e  4 s tra in  D uck  (C zechoslova
kia) 56, an d  have been designated  as D u ck  (H ungary ) 3/70 an d  D uck (H u n g a 
ry) 4/70, re sp ec tiv e ly . The s tra in  D u ck  (E ng land ) 62, fo rm erly  regarded  as a 
p ro to ty p e , h ad  to  be u tilized  in s tead  o f th e  app roved  p ro to ty p e  D uck (Cze
choslovak ia) 56, because only s ta n d a rd  an tig en  and  positive serum  of th e  fo r
m er w ere ava ilab le .

H aem agglutination inhibition tests

F o rty  in d iv id u a l blood sam ples each  from  o u tb reaks 1 an d  2, an d  20 
such  sam ples from  o u tb reaks 3 an d  4 w ere exam ined  b y  H I  te s t ,  using 8 haem - 
a g g lu tin a tin g  u n its  o f  the  hom ologous v iru s . A su b s ta n tia l p a r t  o f th e  sa m 
ples in h ib ited  h aem ag g lu tin a tio n  in a t i t r e  range of 1 : 8 — 1 : 256.
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ducks by haem agglutination inhibition test

Fowl
plague D(E)56 Ch(S)59

< 1 : :8 < i 8 < i : 8

< 1 8 l 128 < i : 8

< 1 8 < i 8 < i : 8

< 1 8 < i 8 < i : 8

< 1 8 l 64 : 8

D(E)62

< 1  : 8 
1 : 128 

1 : 64  

1 : 64  

1 : 64

Q(I)65 T(W)66 NDV Norm.

< 1 : 8 1 : 128 < i : 8 < i 8

< 1 : 8 < 1 : 8 < i : 8 < i 8

< 1 : 8 < 1 : 8 < i : 8 < i 8

< 1 : 8 < 1 : 8 < i : 8 < i 8

< 1 : 8 < 1 : 8 < i : 8 < i 8

Infection experim ents

T w en ty  o ne-day -o ld  chicks, 20 guinea-fow ls a b o u t 3 — 6 weeks old, 20 
ducklings ab o u t 4 — 14 d ay s old an d  severa l tu rk e y  p o u lts  2 — 4 m on th s old 
were in fected  in tra n a s a lly  an d  in traco n ju n c tiv a lly  w ith  0.2 — 0.5 m l u n d ilu ted  
allan to ic  from  e m b ry o n a te d  h en ’s eggs in fec ted  w ith  s tra in s  D uck  (H ungary ) 
1/70 or D uck  (H u n g a ry ) 2/70; th e  v iru s co n ten t o f th e  flu id s was 10f,E L D 3O/ 
0.1 ml and  106-5E L D 3o/0.1 m l, respective ly .

1. On infection  w ith  D uck  (H ungary) 1/70, th e  chicks show ed no sy m p 
tom s, while b ird s o f th e  o th e r th ree  species te m p o ra r ily  lo s t ap p e tite .

Two chickens each  killed  a t in te rv a ls  o f 3 d ay s  h a d  no gross lesions, 
ducklings an d  guinea-fow ls a slight fib rinous a irsaccu litis  a t  3 — 6 days a fte r  
infection d isp layed  b u t  n o t  la te r . Chicks, ducklings, guineafow ls an d  tu rk e y  
pou lts  n o t e x te rm in a te d  w ith in  3 weeks of th e  in fec tio n  scarcely  differed from  
th e  non-in fected  co n tro ls  in respect o f d evelopm en t an d  general cond ition . 
H I  an tibod ies ap p e a re d  in  th e  serum  o f all four species 9 days a f te r  in fec tion . 
T itre  values soon (a f te r  15 —18 days) rose to  a h igh level in m ost guinea-fow ls 
an d  tu rk ey s , w ith  considerab le  in d iv id u a l v a ria tio n s , b u t rem ained  low 
th ro u g h o u t in th e  d u ck lings.

2. In fec tion  w ith  th e  s tra in  D uck  (H ungary ) 2/70 caused  loss of a p p e tite  
an d  decrease o f w eight ga in  only in th e  ducklings, b u t  a f te r  ailing  for 8 —10
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Table II

Haemagglutination inhibition tests with the influenza virus strain A/Duck(Hungary)l/70
(Data su p p lied  b y  Dr. Sch ild )

Immune serum

Titre of haemaggluti
nation inhibition

Homologous
strain

Duck(Hungary)
1/70

1. FPY (Dutch) 320 <10
Turkey(England)63 160 <10

2. “N”(Germany)49 640 <10
Quail(Italy)l 117/65 320 <10
Pheasant(Italy)647/66 640 <10

3. Duck(England)56 120 <10
4. Duck(Czechoslovakia)56 240 <10

Duck(England)62 120 <10
5. Chicken(Scotland)59 320 <10

Tern(South Africa)61 160 <10
6. Turkey(Canada)63 80 40

Turkey(California)64 160 <10
Turkey(England)66 240 40
Turkey(Massachusetts)65 320 80
Turkey(Wisconsin)66 640 80

7. Duck(Ukraine)l/63 160 <10
8. Turkey(Ontario)6118/67 320 <10

Newcastle disease virus 320 <10

d ay s , these  too b eg an  to  gain w eig h t so rap id ly  th a t  a t  3 w eeks th e y  scarcely 
d iffe red  from  th e  co n tro ls . Two d u ck lings d ied  betw een  4 a n d  6 days a fte r  
in fec tio n , show ing changes o f fib rin o u s  airsaccu litis  an d  se rositis . P a irs  of 
duck lings killed ev e ry  th ird  d ay  from  th e  d ay  of in fection  to  18 day s all h ad  a 
fib rin o u s  in flam m atio n  o f a ir  sacs a n d  serosa; th e  change was m o st p ronounced  
b e tw een  3 and  6 d ay s . T he v iru s  s tra in  used  for in fection  could  be recov 
e re d  from  th e  re sp ira to ry  t r a c t  lesions of b o th  spo n tan eo u sly  a n d  s laugh te red  
duck lings. H I an tib o d ie s  ap p e a re d  in  th e  serum  of th e  in fec ted  b ird s  a fte r  8 
d ay s , th e  serum  o f in -co n tac t c o n tro l b ird s  a fte r  12 days; b u t  t i t r e s  w ere low 
in  a ll four species.

D iscussion

F ive in fluenza  v iru s  s tra in s , re a c tin g  w ith  im m une se ru m  o f th ree  sero
ty p e s , were iso la ted  from  five o u tb re a k s  o f re sp ira to ry  disease am ong flocks 
in  th e  period 1970 —71. Along w ith  th re e  o th e r in fluenza v iru s  s tra in s  iso la ted
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from  guinea-fow ls in  1969 — 70, th e  n u m b e r o f av ian  influenza v iru s  iso la tio n s 
in th e  eastern  p a r t  o f H u ngary  d u rin g  th is  tw o -y ear period new  to ta ls  e ig h t 
s tra in s  belonging to  four sero types ( T a n y i , 1972; T ab le  I I I ) .

Table III

A ntigenic relationships o f avian influenza virus strains isolated at thç Veterinary In stitu te
of Debrecen in the period 1969 — 71

1. F P V  (Dutch)

2. “ IV” (Germany)49  
Q uail(Italy)1117/65—

Gu in e a -F ow l(H u n g a r y )1/70 
(a d u lt  guinea-fow l layers: 

s tra in  130/70)

3. D u ck(E ngland)56
\  D u ck (H u n g a ry )2/70

(ducklings: strain 265/670) 
D u c k (H u n g a ry )7 1 

j  (adult ducks: strain 144/71)

4. Duck(Czechoslovakia)56  
Duck(England)62

D u c k (H u n g a ry )3/70 
(a d u lt  ducks: s tra in  349/70) 
D uck  (H u n g a ry ) 4/70 
(a d u lt  ducks: s tra in  350/70)

5. Chicken(Scotland)59

6. Turkey (Canada) 63 
Turkey(W isconsin)66

D u ck (H ung a ry )1/70 
(ducklings: s tra in  235/70)

7. Duck (Ukraine) 1/63

8. Turkey (Ontario) 6118/67

”1

— G u in e a -F  o w l(H ung a ry )1/69 
(guinea-fowl layers:
strain 148/69)

— Gu in e a -F ow l (H ung a ry )2/69 
(adult guinea-fowl:
strain 237/69)

Prototype strains are underlined; those of serotypes 2, 4 and 6 were not available, thus 
antigens and antisera prepared from strains serologically identical with the prototype were 
used instead. W ith the new isolates, the species, age and use of the bird together w ith our own  
reference number for the strain are indicated in brackets. Two isolates each from guinea-fowl 
and duck are antigenically related with two serotypes (transitory types).

T he find ings o f exp erim en ta l in fec tio n s p erfo rm ed  w ith  tw o o f th e  iso 
la te s  w ere sim ilar to  those  rep o rted  b y  A l l e n  e t a l. (1970), H o m m e  e t al. (1967), 
R o b e r t s  (1970) a n d  S c h e t t l e r  (1968). T h e  observ a tio n s suggest th a t  in fec ted  
ducks an d  w ith  se ro ty p e  6 stra in s also  guinea-fow l develop a fib rin o u s in f la m 
m a tio n  o f a ir sacs a n d  serosa, w hich subsides m ere rap id ly  if  th e  ag en t belongs 
to  ty p e  6 th a n  if i t  belongs to  ty p es 3 or 4 . S porad ic  losses m ay  occur even u n d e r  
re la tiv e ly  good cond itions of m an ag em en t m ark ed ly  increased if  by  feed ing  
erro rs an d  m an ag em en t failures. T he fa c t t h a t  v iru s  could be re iso la ted  from
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birds w ith  low a n tib o d y  levels, if  th e y  h a d  gross lesions (up to  18 days a f te r  
in fection) and  w as d em o n strab le  in ca rcases  o f a d u lt b irds w hen flock  m o r
ta l i ty  was re la tiv e ly  low , suggests a d u ra b le , o ften  sym ptom less ca rr ie r  s ta te . 
A vian  in fluenza , like m a n y  o ther diseases, depends g rea tly  on p red isposing  
fac to rs , an d  since th e  e lim ina tion  of th e  la t t e r  is likely  to  be a len g th y  process 
th e  presence of in flu e n z a  v iruses in flocks a n d  th e ir  e x tra o rd in a ry  su scep tib il
ity  to  v a ria tio n  c o n s ti tu te  a n o tab le  econom ic danger. The o b se rv a tio n  o f 
c o n cu rren t in fec tions (fowl cholera, asperg illosis) ap p ears  to  be co inc iden ta l, 
b u t th e  possible a c t iv a tin g  role of in flu en za  in fec tio n  can n o t be excluded . T he 
fac t th a t  ty p e  6 a v ia n  in fluenza  v irus s tra in s  possess a n eu ram in idase  com po
n e n t in  com m on w ith  th a t  of h u m a n  A 2 in flu en za  v irus is of hygien ic  
im p o rtan ce , as i t  su g g ests  th a t  c e r ta in  a v ia n  species m ay  p lay  a d irec t or 
in d ire c t ro le in  th e  tra n s fo rm a tio n  o f h u m a n  in flu en za  v iru s s tra in s .

SUM M ARY

A tota l o f five  avian influenza virus strains, tw o from growing ducks, three from adult 
birds outside the laying season, were isolated in eastern H ungary. The growing ducks had been 
respiratory sym ptom s and grossly they showed fibrinous airsacculitis, serositis and sinusitis. 
Am ong the adult ducks, iso lations were made from  minor outbreaks and sporadic individual
cases.

The five  isolates were found to belong to three serological types:

T ype 3 — 4 D uck (H ungary) 2/70
Duck (H ungary) 71

T ype 4 D uck (H ungary) 3/70
Duck (H ungary) 4/70 

T ype 6 D uck (H ungary) 1/70

The type 6 strain possesses a neuraminidase com ponent identical w ith that o f hum an  
type A g influenza virus.

Infection experim ents w ith two of the isolates dem onstrated that chicks, young guinea- 
fowl and turkey poults were also susceptible, but it  was concluded the establishm ent and se
verity o f the clinical disease depend not only on the bird species, but also on certain predispos
ing factors, above all on the conditions of feeding and m anagem ent.
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Papers dealing w ith the analysis o f m other’s m ilk proteins have m ostly been content  
to describe the am ount and amino acid com position o f casein fractions in colostrum and in so- 
called “ m ature m ilk” . Using paper electrophoresis, S c h ä f e r  (1951) dem onstrated 4 — 5 differ
ent protein fractions and found that the fraction  w ith the fastest electrophoretic m ob ility  
and heaviest sta in ing in tensity  is /S-lactoglobulin. H e exam ined the proteins o f cows’ m ilk for 
the sake o f com parison. Furthermore, Sc h ä f e r  defined that the slow est, altogether fla t, fa in tly  
staining zones are im munoglobulins.

W ith  f i l te r  p a p e r  e lectrophoresis o f v a rio u s  m ilk  sam ples ta k e n  from  various s ta g es  of 
th e  la c ta t io n  p e rio d  Sa g er  (1959) estab lished  t h a t  im m unog lobu lins are a t  peak  c o n c e n tra tio n  
in th e  c o lo s tru m  w hile /1-lactoglobulins are p re se n t in  c o m p ara tiv e ly  sm aller am o u n ts , b u t  th a t  
beg inn ing  from  th e  e ig h th  d ay  of la c ta tio n  th e  a m o u n t of im m unoglobulins reduced  w hereas 
th e  /1-lactoglobulin  co n cen tra tio n  increased .

F o r th e  p re sen t s tu d y  b o th  th e se  p ro te in  frac tions were ex am in ed  in 
m o th e r’s m ilk  on th e  hasis of a q u ite  num ero u s p o p u la tio n , using d iffe ren t 
s ta rc h  gel e lec tro p h o re tic  p rocedures.

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (3). pp. 279—282 (1972)

M aterial an d  m ethods

A lto g e th e r 157 m ilk sam ples w ere exam in ed , of w hich 137 were from  th e  
O b ste tric s  D e p a r tm e n t of th e  Is tv á n  H o sp ita l, B u d ap est, while 20 o rig in a te d  
from  th e  d e p a r tm e n t of G ynaecology a t  th e  C ity H o sp ita l, G ödöllő. E ach  
a g g lu tin a tio n  tu b e  con ta ined  before  sam p lin g  th ree  drops of an E D T A -con- 
ta in in g  p re se rv a tiv e  so lu tion  and  th e  sam ples were s to red  in -f-5 CC u n ti l  use. 
Before e lec tro p h o res is  th e  sam ples w ere cen trifu g ed  to  rem ove fa t. T he 11 X 
1 4 x 0 . 3  cm  gels consisted  of 1 3 %  s ta rc h , h y d ro ly sed  in  our lab o ra to ry .

T he fo llow ing buffer system s w ere em ployed : for d e te rm in a tio n  o f  th e  
fast-m o v in g  /З-lactog lobu lin  frac tio n  a T ris-c itric  acid  gel buffer an d  H 3B 0 3- 
L iO H  vessel b u ffe r  (M e y e r , 1966), a n d  fo r th e  slow -m oving im m unog lobu lin  
frac tio n  P o u l i k ’s (1957) d iscon tinuous T ris -c itric  acid gel and  H 3B 0 3 — N aO H  
vessel b u ffe r  sy stem . W ith  th e  f irs t  sy s tem  electrophoresis was ca rried  o u t 
h o rizo n ta lly  a t  ab o u t 10 V/cm o u tp u t  v o ltag e  for 4 — 4.5 hours, while in  th e  
second 12 У /cm  o u tp u t vo ltage was u sed  u n til  th e  b o ra te  b o u n d ary  h a d  m i
g ra ted  10 cm  from  th e  insertion  line. A fte r e lectrophoresis th e  gel slices w ere 
s ta in ed  w ith  A m idob lack  10B dye so lu tio n .

B iochem ical id en tifica tio n  of th e se  p ro te in s  exam ined  was possible w ith 
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o u t know ing th e ir  am ino  acid com positions, e tc . T heir ch a rac te ris tic  cou ld , 
how ever, only he concluded  from  th e ir e lec tro p h o re tic  behav iou rs on th e  basis 
o f th e  descrip tions in  th e  above m en tio n ed  p apers.

R esu lts

P o lym orph ism  w as found in th e  fa s t-m o v in g  p ro te in  frac tio n  of m o th e r’s 
m ilk , w hich w as id en tif ied  w ith  /1-lactoglobulins. I ts  tw o hom ozygous v a r ia n ts  
w ere designated  L gA an d  L g B; and h e te ro zy g o u s v a rian ts  w ere p resen t in  th e  
form  o f the  AB p h e n o ty p e  an d  as th e  co m b in a tio n  of th e  В b and  w ith  a s u b 
s ta n tia lly  slow er L g C alleles (Fig. 1). L g A w as co m p ara tiv e ly  ra re  (T able I),

J * '

Fig. 1. /S-lactoglobulin phenotypes o f  m other’s milk and cows’ milk

Table I

The phenotypical distribution of /5-lactoglobulin phenotypes and the frequencies of the alleles

Number of ß-lactoglobulin
samples A % B % c AB % ВС о//о

157 10 6 .3 134 85.3 10 6 .3 3 2.1

L g A =  0 .0 9 6 ;  L g B =  0 .8 9 5 ; LgC =  0 .0 0 9
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occurring  in  on ly  6 .3 %  of th e  sam ples exam ined , in c o n tra s t to  th e  85 .3%  
p h en o ty p ica l freq u en cy  o f L g B. T he freq u en cy  of th e  AB p h e n o ty p e  is conse
q u e n tly  also low . T he hom ozygous C p h en o ty p e  was no t found  in th is  m a te ria l.

P o lym orph ism  was also observed in th e  slow est-m oving p ro te in  frac tio n , 
c lassified  as im m unog lobu lin  (F ig. 2). T he th ree  hom ozygous v a r ia n ts , Ig , 
Ig B an d  Ig  , m ig ra ted  a t  d iffe ren t ra te s  an d  each exh ib ited  a diffuse p ro te in  
b a n d . F u rth e rm o re , tw o of th e  th ree  possib le heterozygous p h en o ty p es  were 
also  found: AC a n d  BC. W ith  respect to  th e  p e rcen tu a l d is tr ib u tio n  of th e  v a 
r ia n ts , th e  m ost fre q u e n t w ere th e  hom o- an d  heterozygous form s of th e  Ig C 
allele (Table I I ) .

ВС В АС ВС ВС С В AC

A B  С AC BC AB

Fig. 2. Im m unoglobulin phenotypes of m other’s milk

Table II

The phenotypical distribution of immunoglobulin phenotypes and the frequencies o f the alleles

Number
Immunoglobulin

of samples
A 1 % в  % C % AC % BC %

157 8 5.1 C
O C
O 18 11.5 42 26.8 75 47.8____

IgA =  0.185; IgB =  0.328; IgC =  0.487
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D iscussion

The fa s t m ov in g , in tensive ly  s ta in in g  frac tio n  w as classified as /3-lacto- 
globulin  on th e  basis  o f S c h a f e r ’s p a p e r  (1951), a lth o u g h  th e  tech n iq u e  a p 
plied in our s tu d ie s , includ ing  th e  e lec tro p h o re tic  tech n iq u e  and  th e  bu ffer 
system , was q u ite  d iffe ren t. T he /З-lac to g lo b u h n  b an d s o f cows’ m ilk o b ta in e d  
w ith  th e  p re sen t m e th o d  had a co nsiderab ly  fa s te r  e lec tro p h o re tic  m o b ility  
th a n  th e  co rresp o n d in g  frac tions of m o th e r’s m ilk  (F ig . 1), b u t th e  b an d s 
sta in ed  to  th e  sam e e x te n t.

The im m unog lobu lin  bands w ere likew ise id en tified  following S c h ä f e r  

th e  slow est fra c tio n  a f te r  e lec trophoresis. I t  is v e ry  easy  to  follow from  th e  
v a ria tio n  of s ta in in g  in te n s ity  of th e  e lec tro p h o re tic  b an d s  the  q u a n ti ta t iv e  
changes of th is  p ro te in  described b y  S a g e r  (1959). T he sta in in g  in te n s ity  of 
th e  p ro te in  h an d s  in  th is  region also sheds ligh t on th e  im m unoglobu lin  con
cen tra tio n  of th e  m ilk  sam ples, a lth o u g h  d iffe ren t stages of th e  la c ta tio n  
periods were n o t te s te d  during  sam pling .

D e te rm in a tio n  o f th e  genetical b ack g ro u n d  is a v e ry  d ifficu lt p roblem  in 
these p ro te in  p o ly m orph ism s. A lthough  th eo re tica lly  possible, th e  o b stac les  
to  th e  collection o f an  ad eq u a te  n u m b er of m ilk  sam ples from  m o th e r-d au g h 
te r  pairs, s is ters , h a lf-s is te rs  or s ib -pairs  an d  p erh ap s, th e  sam ples of fem ale 
tw in  pairs a re  p ra c tic a l ly  u n su rm en tab le . G enetical conclusions m u st th ere fo re  
here be confined  to  a com parison  o f th ?  co rrespond ing  polym orphism  of th e  
cows’ m ilk  in th e  case of (J-lactoglobulins.

SUM M ARY

Among 157 sam ples o f m other’s m ilk exam ined by starch gel electrophoresis, three 
variants were observed in /З-lactoglobulin (Lg) region, the allelles being designated w ith the  
letters A, В and C. Polym orphism  was also found in the im m unoglobulin (Ig) region: three 
hom ozygous phenotypes, A, В and C, w ith different electrophoretic m igration rates, and further 
two heterozygous ph en otypes, AC and BC, were ascertained. The AB phenotype did not occur. 
The genetics o f these  polym orphism s were confined — on account of the practical d ifficu lty  of 
obtaining sam ples from  m other-daughter pairs, sisters, half-sisters or tw in  pairs — to a com 
parison w ith  the /1-lactoglobulin polym orphism  of cows’ milk.
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CEREBROSPINAL VASCULAR WALL LESIONS CAUSING 
NERVOUS SYMPTOMS IN SWINE (HARDING’S 

CEREBROSPINAL ANGIOPATHY)
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H isto logical e x a m in a tio n  o f th e  cen tra l nervous sy s tem  is a com m on 
d iagnostic  m eans fo r th e  d iffe ren tia tio n  of in fectious d iseases, above all of 
v ira l cond itions. Since 1962 p e ria rte riitis-nodosa-like  w all-lesions of cerebro 
sp in a l vessels have  often  been  observed  in specim ens from  sw ine th a t  died or 
w ere em ergency  slau g h te red  show ing nervous or even ce reb ra l sym ptom s.

Literature

Though vascular wall lesions o f swine have been w idely studied , m ost authors have 
centered investigations only  on the aorta, m ain arterial branches and coronary arteries. K r ie g  
(1968) established that proliferative processes of the arterial wall m ay appear in relatively  
young pigs and becom ing more severe w ith  advancing age th ey  m ay even tually  give rise to 
arterio- or atherosclerotic lesions in the aorta and coronary and cerebral arteries. The incidence 
o f such changes does not notab ly  differ in  dom estic swine and wild boar, except that severe 
lesions are more frequent in aged dom estic swine. Ma in g u et  (1964) has explained the greater 
frequency and severity o f lesions in the dom estic pig as due to greater susceptib ility  ensuing 
from dom estication. Quiet life, overfeeding and genetic factors have also been considered as 
predisposing to vascular wall disease (G r ü n b e b g , 1965; V a st e s a e g e b , 1965).

H istological lesions o f the superficial and deep cerebral arteries o f  swine were exam ined  
in  more detail by B eb g  (1966), F r e n c h  et ah (1965), L u g in b ü h l  (1966) L u g in b ü h l  and 
J ones (1965). N ext to the aorta, atherosclerotic lesions were m ost frequently  found in the wall 
of intracranial arteries, about tw o-th irds of the exam ined swine show ing stenotic thickening  
o f the intim a of brain vessels. The m orphogenesis and nature o f the cerebrovascular changes 
corresponded essentially  w ith  arterial lesions in other parts o f the body, except that the in ti
m ai thickenings o f the cerebral vessels usually contained less lipid and underw ent a fibrosclero- 
tic  rather than an atherom atous transform ation. Cases o f cerebrovascular lesions giving rise 
to ulceration, throm bosis or haem orrhage were never reported. The atherosclerotic change of 
intracerebral vessels in swine is characterized by an increase of collagenous fibres in the adven
titia  or other layers o f the vessel wall. In  advanced fibrosis the vascular adventitia  widens 
m arkedly, sm ooth m uscle cells o f the m edia are replaced by collagenous fibres and fibre 
synthesis causes the thickening o f the intim a. Vascular wall fibrosis seem s to appear m ost 
frequently in arteries o f the basal ganglia im m ediately after their entry into the cerebral 
parenchym a. No hyaline change, nor am yloid deposition has been observed in cerebral arterie“ 

f this species. N ecrotizing arteritis, occasionally throm bosis in arteries and m alacic areas w eie  
observed by Co rn er  and J er ic h o  (1964) in the brains o f 11 pigs, w hile H a r d in g  (1966) hi s 
described a cerebral angiopathy m anifested by nervous sym ptom s in 66 sw ine from different 
sources. The greater part o f the anim als exam ined by H a r d in g  exhib ited  the sym ptom s as 
( rly as 5 weeks after weaning. M icroscopically the small arterioles o f the central nervous 
syst m were found to be thickened, the sm ooth muscle cells of the m edia showed swelling and 
alteration, the subendothelium  underw ent a hyaline degeneration and in filtrating cells appeared 
in  the perivascular area. Several anim als had similar lesions in som e vessels o f the tongue, 
sm all in testine, pancreas, liver and eye.
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A cerebrospinal angiopathy of unknown origin has recently been reported also from 
B elg ium  (H oorens and T h o o n e n , 1967); Germany (F r e e s e  and Sa n d e r s l e b e n , 1968) and 
A u str ia  (K öhler  et al., 1971). In  these cases a fibrinoid degeneration o f the intim a and media 
o f  arteries and arterioles and subsequent regressive changes of the central nervous system  
(oedem a, malacia, cavitation), necrosis o f brain cortex and vascular and perivascular cell in
filtra tio n  were observed first in  growing pigs showing signs of v isual disturbance. K ö hler  et al. 
(1971) held the view that the aetio logy of this condition as well as its  relation to H a rd in g ’s 
cerebrospinal angiopathy, Co r n e r  and J e r ic h o ’s necrotizing arteritis and periarteriitis nodosa 
rem ain  to be clarified.

The incidence of periarteriitis nodosa in animals was first observed by LÜPKE (1906) 
am ong axis deer kept in the F avorite Park in Ludwigsburg where it  consistently  reappeared 
yea r  after year. Occurrence o f th is lesion in other than cerebrospinal vessels o f swine was re
p orted  by H arzer (1920), J o est  and H a rzer  (1921), K il s c h p e r g e r  and Stü n zi (1946), 
O b e r h a u s e n  (1933), Sw o bo d a  (1940) and P a lla sk e  (1943). In H ungary periarteriitis-nodosa- 
lik e  lesions of renal vessels were detected  in  the course of abbatoir exam inations (Százados 
and N ádo r , 1971).

A t a congress held in 1954 in Stockholm  periarteriitis nodosa was classified as a collagen 
disease.

M aterials and m ethods

The exam ined specim ens w ere m ostly  su b m itte d  to  th is  in s t i tu te  for 
h isto log ical diagnosis o f  th e  cause of unusual and  severe cereb ra l sym ptom s 
o r on suspicion of A u je szk y ’s d isease. T he la t te r  could a lw ays be excluded  on 
th e  basis of an im al ex p e rim en ts  an d  viro logical an d  h isto log ica l exam inations.

Brains and  sp in a l cords from  a to ta l  o f 98 swine w ere exam ined , m ost of 
w h ich  had  been em ergency  s lau g h te red . Specim ens w ere a lw ays secured  from  
th e  sam e sites and  c u t in  id e n tic a l p lanes.

The M edulla o b lo n g a ta , pons, corpora q uad rigem in i an d  th e  do rso la tera l 
p a r t  of one hem isphere above th e  A m m on’s horn  w ere c u t along th e  fro n ta l 
p la n e , the  A m m on’s h o rn  from  one side was cu t lo n g itu d in a lly , th e  cerebellum  
w as excised in th e  m ed ian  line along th e  p lane of th e  lo n g itu d in a l cerebral 
f is su re  and the cerv ical a n d  lu m b a r in tum escences of th e  sp inal cord were cu t 
tran sv e rse ly .

Brains from  12 sw ine w ere also exam ined  in w hole sections cu t along the  
fro n ta l  plane. W hole b ra in  sections were cu t from  th e  d irec tio n  of th e  fro n ta l 
lo b e  along the  p lane  o f th e  o lfac to ry  lobe, in th e  m ed ian  line of th e  saep tum  
p e lluc idum  a n te rio r to  th e  op tic  ch iasm a across th e  d iencepha lon  in +he plane 
o f  th e  p itu a ry  gland b eh in d  th e  op tic  chiasm a across th e  m esencephalon in 
th e  p lane of th e  A m m o n ’s ho rn s. W hole sections were also cu t to  exam ine the  
p o n s  -f- cerebellum , th e  open  (cran ial) p a r t  of th e  m edu lla  o b longata  -f- cere
b e llu m  and the  closed (cauda l) p a r t  o f th e  m edulla o b lo n g a ta . T he lu m b ar and 
cerv ica l intum escences o f th e  sp inal cord were exam ined  in th ree  d ifferent 
p lan es.

Specimens of b ra in  an d  sp in a l cord  were fixed  in  a 10%  form alin  solu
t io n  to  prepare frozen a n d  p a raffin -em b ed d ed  sections. T h e  sections were s ta in 
ed  w ith  M ayer’s h a e m a la u n  an d  eosin s ta in in g  tech n iq u e  fo r general exam i
n a tio n s , collagenous tissu e  was d em o n stra ted  w ith  F a rk a s  M allory’s or Cross-
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m on’s te ch n iq u e , e lastic  fib res were v isua lized  w ith  W eig ert’s resorcin-fuchsin  
s ta in in g  w hile S udan  I I I  an d  F e t t ro t  s ta in in g  w ere used for lip ids. F ib rin o id  
necrosis w as s tu d ied  w ith  M asson’s tr ic h ro m e  sta in in g  m eth o d , m edu lla ry  
sh e a th s  o f nerve  fib res w ere s ta in ed  b y  th e  F leidenhain-W oelcke or K liiver- 
B a rre ra  p rocedures an d  nerve  cell s tru c tu re  w as exam ined  a fte r  N issl s ta in in g  
as m odified  b y  W oigh t.

Incidence o f  the disease

All b u t one of th e  affec ted  an im als exam ined  cam e from  large herds. 
Inc idence  w as spo rad ic ; single cases o f d isease occurred  a t  in te rv a ls  of severa l 
days to  m on th s over periods of severa l m o n th s  to  one an d  a h a lf  y ears . W e 
were able to  exam ine a n u m b er of d iseased  sw ine on th e  spo t in five  herds and  
lea rn ed  deta ils  a b o u t th e  clin ical h is to ry  o f th e  herds. T he n u m b er of cases in  
these herds was th e  follow ing:

18 of 350 sows affected over a period o f 4 months
6 of 80 sows affected over a period of 7 months
5 of 101 sows affected over a period o f 6 months

12 o f 200 sows affected over a period o f 16 months
49 of 14-000 fatten ing pigs affected over a period of 2 m onths

In  fo u r herds exclusively  one-year-o ld  or o lder sows developed th e  d is
ease: Som e o f th e  a ffec ted  sows were p re g n a n t, o thers w ere suckling . In  one 
herd  th e re  had  been an  o u tb re a k  o f A u je szk y ’s disease tw o m on ths earlier 
w hich ceased on ly  a f te r  rep e a te d  v a c c in a tio n . In  a n o th e r herd  swine fever 
v acc in a tio n  h ad  been ca rried  ou t w ith  a lap in ized  vaccine one m o n th  p rio r 
to  th e  onse t o f th is  disaese. In  th e  th ird  h e rd  v acc in a tio n  ag a in st lep tosp irosis 
was perfo rm ed  tw o  weeks a f te r  th e  f irs t  tw o  cases of th e  v a scu la r  disease h a d  
been m an ifested . No v acc in a tio n  w as ca rr ied  o u t in th e  fo u rth  h erd . In  tw o 
herds w idesp read  occurrence of co rynebacillosis, involv ing  phlegm on of th e  
fetlocks, p e r ia r th r it is  an d  u lcera tion  in  v a rio u s  p a rts  o f th e  bo d y  was n o ted  
sim u ltan eo u sly  w ith  th e  v ascu la r disease.

In  th e  f if th  h e rd  consisting  o f fa tte n in g  pigs th e  v ascu la r w all disease 
a ffec ted  8 —10 m o n th s old an im als in 41 o f th e  173 fa tte n e r  groups.

Sym ptom s

A ffected  sw ine u su a lly  show ed no fever, th e ir  b eh av io u r was dull or 
c o n tra rily  exc ited  an d  th e  head  was h e ld  in  an  oblique, d rooping  or rig id  u p 
w ard  p osition . W hen  m oving , th e  an im als  e ith e r  s taggered  or perfo rm ed  
d is tin c t com pulsive m ovem en ts. O th e r n o t in freq u en t sym ptom s w ere c ircu 
la r  g a it, d is tu rb an ce  o f v ision , trem o r o f m uscles an d  eyes, re trac in g  m ovem ents 
f its  o f convulsion  an d  cu taneous h y p e rse n s itiv ity . T he restless an im al m oved
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aim lessly , a t  tim es sto p p in g  in th e  co rn er o f th e  pen or lean ing  its head  a g a in s t 
th e  w all. A tte m p ts  w ere occasionally  m ade to  clim b on the  w all o f th e  p en ; 
som e an im als even succeeded in c learing  it .  R e trac in g  an d  th e  u p w ard  p o sitio n  
o f  th e  head  som etim es m ade th e  p ig  to  fa ll on its  back , an d  p ro s tra te  an im als  
w ere often b itte n  b y  th e ir  m ates. N o t in freq u en tly  it  was because o f such  in 
ju rie s  th a t  a t te n tio n  w as paid  to  th e  d isease. Sick an im als lost th e ir  a p p e ti te  
p a r t ly  or en tire ly . Severely  ill sw ine w ere unab le  to  s ta n d  b u t m ade v a in  a t 
te m p ts  to  rise or p erfo rm ed  sw im m ing m ovem ents an d  refused  all food; som e
tim es  th e y  w ere du ll to  th e  degree o f som nolence. T hese sym ptom s g en era lly  
d id  n o t respond  to  d ru g  th e ra p y  (an tib io tic , v itam in  or sy m p to m atic ) an d  
h a d  a fa ta l ou tcom e in 4 — 6 days a t  th e  earliest or a f te r  a p ro tra c te d  course 
la s tin g  up  to  5 — 6 w eeks; in th e  la t te r  case m any  sw ine h ad  to  be em ergency  
slau g h te red . O ccasionally , an tib io tic  or o th e r tre a tm e n t b ro u g h t on a te m p o 
ra ry  im p ro v em en t an d  even a p p a re n t recovery , b u t rec id iv a ted  a f te r  a few 
w eeks lead ing  to  d e a th  or em ergency  s lau g h te r or n o rm al s lau g h te r d u rin g  
th e  period  o f te m p o ra ry  im p ro v em en t.

M acroscopic pathology

At p o st-m o rtem  ex am in a tio n  th e  v isceral o rgans e ith e r  a p p ea red  n o r  
m al, o r chronic in flam m atio n  o f  serous m em b ran es, liv er c irrhosis a n d  ic te ru  
w ere found . O ccasionally  th e  m eninges w ere th ick en ed  an d  show ed a sm o k y  
o p ac ity . One sw ine each  from  tw o o f th e  five herds u n d e r o b se rv a tio n , one 
sow, th e  o th e r a 3 -m on th -o ld  grow ing p ig , h ad  in a d d itio n  scabies o f  th e  ea r 
an d  a deeply  e x ten d in g  in flam m atio n  o f th e  a u d ito ry  m eatuses.

Pathohistological lesions

V ascular w all lesions rem in iscen t o f p e ria rte riitis  nodosa lesions w ere 
p re se n t in th e  c e n tra l nervous system  of th e  exam ined  an im als. As a ru le  th e re  
w as a p ronounced  m ononuclear cell in filtra tio n  a round  th e  a d v e n titia  o f th e  
changed  vessels. W all lesions w ere show n above all b y  sm all a rte rio les an d  
m u scu la r-ty p e  a rte rie s . T hey  h ad  no site  o f p reference, usually  ap p ea rin g  
asy m m etrica lly . V ascu lar in ju ry  w as m ost freq u en t in  th e  lep to m en in x  en 
veloping  th e  b ra in  and  spinal cord (F igs 1, 2 and  3) though  re la tiv e ly  ra re  in 
th e  spinal cord itse lf  (F ig. 2). Lesions often  occurred  in th e  m edulla o b lo n g a ta  
(F igs 4, 5 and  6), pons and  m esencephalon  (Fig. 7) an d  in th e  pre- and  post- 
ch iasm al d iencephalic  areas (Figs 8, 9, 10, 11), u sua lly  a t  th e  basa l p a r ts .

T he v ascu la r lesions were o f sclero tic  or fib ro tic  r a th e r  th a n  a th e ro m a to u s  
ty p e . N ecroses o f v a rious e x te n t (Figs 5, 7 an d  8), fib rino id  m ura l necrosis of 
th e  v ascu la r w all (F ig . 1), fresh an d  o rganized  th rom bosis (Figs 5 an d  8) an d  
stenosis (Figs 10 an d  11) or com plete  o b lite ra tio n  (F ig. 8) of th e  lum en  w ere 
o ften  seen.
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Fig. 1. Detail of cerebellar pia m ater from an 18-month-old sow. N ote the infiltrating cells 
and a severely degenerated artery in the leptom eninx. The arterial intim a has degenerated and 
fibrinoid necrosis has become established in the degenerated m edia. M any m ononuclear cells 

can be seen infiltrating the adventitia. (Haemalaun and eosin sta in , 45 X )

Fig. 2. D etail o f lumbal intum escence of spinal cord from a 14-m onth-old sow. Several arteries 
passing in the septum  close by the right dorsal horn show wall degeneration and a marked m o

nonuclear cell reaction are visible betw een them . (Haem alaun and eosin stain, 45 X )
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Fig. 3. Detail of leptom eninx from  brain base in the chiasm al area, from a 17-month-old sow. 
The large artery shows signs o f a regressed vasculitis. The thickened intim a has become fibro- 
tic  in consequence of endarteriitis, while the media is narrowed. (H aem alaun and eosin stain,

95 X )

Fig. 4. Detail of medulla oblongata  from a 13-m onth-old sow. Sm all arteries with degenerated  
walls are surrounded by a m arked cellular reaction. (H aem alaun and eosin stain, 95 X )
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D ifferen t degrees o f ce rebrovascu lar in ju ry  w ere encoun tered . T he m ild 
est lesions occurred  in  th e  small a rte rio le s ; th e se  show ed degenera tion , pyk n o - 
sis an d  desq u am atio n  o f  endothelial cells, confluence  o f th e  b o rd e r be tw een  in 
tim a  an d  m edia, an d  d iffe ren t degrees o f ly m p h o cy tic  in filtra tio n  in th e  p e r i
v ascu la r area (F ig. 6).

I t  was genera lly  th e  lym phocy tic  in f il tra tio n  w hich a t tra c te d  th e  a t t e n 
tio n  to  th e  disease. T h e  tw o  inner la y e rs  o f  th e  vessel w all w ere c h a ra c te r is ti
cally  oedem atous, th e  elastic  elem ents becam e obscure an d  th e  in te rn a l elas-

Fig. 5. L eft arteriole from  F ig. 4 at a 600 X m agnification . Thrombosis and mononuclear cell 
infiltration  in the necrotic w all o f the vessel

tic  lam in a  ap p eared  to rn  in  places. In  som e sm all a rte ries , th e  necro tic  in tim a  
an d  m edia  h ad  tra n s fo rm e d  to  a hom ogeneous, s tru c tu re less , s ligh tly  ac id o 
philic  tissue  (F ig. 7); su ch  arteries c o n ta in e d  no elastic  elem ents.

In  case of m ore severe injuries th e  in tim a  h ad  th ick en ed  and  tra n s fo rm 
ed to  a scar tissue r ic h  in  collagen e lem en ts  a n d  fib ro b lasts  (F ig. 3). In tim a i 
th ick en in g  was as a ru le  uneven, fo rm in g  in  places cushion-like p ro tru sio n s 
w hich reduced  th e  lu m en  an d  deform ed th e  vessel w all (Figs 10 an d  11). T he 
sm oo th  m uscle cells o f  th e  media d e g e n e ra ted  an d  becam e oedem atous, cell
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Fig. 6. R ight sm all artery from Fig. 4 at a 600 X m agnification. The endothelium  is necrotic, 
sm ooth muscle cells o f the media are degenerated and 10- 12 layers o f infiltrating m ononuclear  

cells can be seen i i the adventitia

Fig.  7. D etail o f m esencephalon from an 18-m onth-old sow. The necrotic arterial w all is 
surrounded by infiltrating mononuclear cells, the adjacent brain tissue is oedem atous. (H ae-

malaun and eosin stain, 240 X )
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Fig. 8. D etail o f diencephalon from a 14-m onth-old sow. An artery with necrotic wall is oc
cluded by a throm bus arid the surrounding brain tissue is oedematous. (H aem alaun and

eosinstain, 9 5 x )

Fig. 9. W hole brain section from an 18-m onth-old sow cut in a frontal plane along the m edian  
line of the saeptum  pellucidum. Cavities o f various size are visible in the areas o f the lentiform  
nucleus and external capsule on both sides o f  the brain base. (M asson’s trichrome strain. H and

m agnifying lens.)
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m arg in s  an d  s tru c tu re  w ere in d is tin c t, th e  nucle i were sh ru n k  or puffed  an d  
show ed  signs of lysis (F ig . 6). In  such vessels th e  sm ooth  m uscle cells o f  th e  
m ed ia  o ften  u n d e rw e n t necrosis an d  tra n s fo rm e d  to  a hom ogeneous, h ig h ly  
ac idoph ilic  su b stan ce  w hich  p roved  to  be  a fib rin o id  necrosis by  M asson’s 
s ta in in g  (F ig. 1). A m ylo id  necrosis could be excluded  by  ex am in a tio n  in  p o la r 
ized  lig h t a f te r  s ta in in g  w ith  1%  Congo red . T he v ascu la r a d v e n titia  becam e 
w id er an d  m an y  in f i l t ra t in g  m ononuclear cells ap p ea red  in  it, above a ll ro u n d

Fig. 10. D etail o f Fig. 9 a t a 45 X m agnification. N ote the marked m ononuclear cell in filtra
tion  around the adventitia  o f the severely injured artery and the large cavities, filled w ith  exu 

dation, in the surrounding brain tissue. (H aem alaun and eosin stain.)

cells, h is tio cy tes , f ib ro b la s ts  and occasionally  a va riab le  n u m b er of eosinophilic  
g ran u lo cy tes  (Figs 1, 4, 5, 6, 7, 8, 10 a n d  11). C hiefly  fib ro b lasts  m ig ra ted  in to  
th e  nec ro tic  areas o f  th e  m edia from  th e  a d v e n tit ia . F rag m en ta tio n  or d isap 
p e a ra n c e  of e lastic  e lem en ts was seen in th e  w all of such arteries on s ta in in g  w ith  
W e ig e rt’s reso rc ine-fuchsin . The in te rn a l e lastic  lam ina  e ither becam e sm oo th  
o r d isap p eared  a lto g e th e r , depending  on th e  degree of in ju ry , in  c o n tra s t to  
th e  in ta c t  v a scu la r a rea s , in  w hich i t  w as con tinuous, un ifo rm ly  th ic k  an d  
u n d u la tin g  (F ig. 12).
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All layers of th e  w all becam e o ed em ato u s an d  und iffe ren tiab le  in  som e 
arte rie s , th u s  th e ir  contours an d  s tru c tu re  d isap p eared . The v ascu la r w all 
th ick en ed  m ark ed ly  causing a n o ta b le  red u c tio n  o f th e  lum en. In  a d d itio n  
to  th e  w all lesions described  in th e  fo rego ing , necrosis o f th e  in tim a i e n d o th e 
lium  an d  th ro m b u s fo rm ation  to o k  p lace.

Fig. 11. D etail o f Fig. 9 a t a 45 X m agnification . Two arteries w ith  degenerated walls are 
visible; a cav ity  filled b y  a gelatinous substance is present in the brain tissue around one ar

tery. (Haem alaun and eosin stain.)

O ccasionally  severe haem o rrh ag es w ere seen in  th e  p e rivascu la r a rea  of 
ce rta in  a rte rie s . In  o th e r  cases p rev io u s h aem o rrh ag e  was ind ica ted  b y  th e  
presence of m an y  haem osiderocy tes am ong  o th e r in f iltra tin g  m on o n u clear 
cells in  th e  p e riv a scu la r  area an d  in  a ll lay e rs  o f th e  vessel w all. In f i l t ra t in g  
haem osiderocy tes w ere also seen in p e riv a sc u la r  b ra in  tissue . W all lesions o f 
vario u s ex tension  w ere p resen t along w ith  acu te  or chronic perivascu la r h a e m 
orrhages.

H ea led  in f la m m a to ry  processes w ere suggested  b y  th e  presence o f  fi- 
b ro tic  or sclerotic  lesions chiefly  in  c e r ta in  la rg e r a rte rie s  of th e  m eninges (F ig .
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3). Som e layers o f th ese  vessels v a ried  in  w id th . T he in tim a  was b ro ad  an d  of
te n  also  th e  m edia w as trav e rsed  b y  f ib ro tic  scar tissue (Fig. 3). T he in te rn a l 
e lastic  lam ina  was in p laces th in  and  sm o o th , in  places u n d u la tin g , b u t th ic k e n 
ed, w hile in o th e r  a reas it  ex h ib ited  e lasto sis . In  some vessels th e  elastica  
w as a b se n t over large areas.

Fig. 12. D etail o f grey m atter from occipital lobe o f a 12-m onth-old sow. Inflam m atory cellu
lar reaction is seen in the thickened meninges. The internal elastic lamina is sm ooth and shows 

a short discontinuity at one side of a large artery. (Resorcin-fuchsin stain, 240 X )

In  th e  su rro u n d in g s of severe v a scu la r  in ju ries the  bra in  tissue  w as u su 
a lly  also involved  to  ju d g e  from  th e  v a ria b le  degree of regressive n e rv e  cell 
changes in  these  a reas. Im p a ired  nerve  cells e ith e r showed ch rom ato lysis  or 
becam e p y k n o tic . In o th e r  cases, b ra in  d am ag e  was ind ica ted  by  ra re fac tio n  
an d  porous s tru c tu ra l a lte ra tio n s  o f th e  p aren ch y m a or th e  ap p earan ce  of 
sm alle r or la rger cav ities, filled by  a serous or gelatinous sub stan ce , in th e  
co rpus s tr ia tu m , in te rn a l and  ex te rn a l capsu le  and  len ticu la r nucleus (Figs 
9, 10 an d  11).

O ccasionally  th e  v ascu la r changes w ere accom panied b y  a diffuse le p to 
m en in g itis  of th e  serous ty p e  (Fig. 1), ch a rac te rized  by a m arked  ce llu lar re 
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action  consisting  of round cells, p o ly b la s ts , h is tiocy tes, f ib ro b lasts  an d  eosi
nophilic g ran u lo cy tes . The g rea te r  m en ingea l vessels in places show ed severe 
wall lesions, occasionally  even necrosis. H igh ly  acidophilic serum  was d e p o s it
ed in ce rta in  a reas  of th e  m eninx  w hile a d e lica te  m eshw ork of fib rin  was seen 
here an d  th e re  in  th e  lep tom eninx .

B ranches o f th e  ao rta  and  la rg e r a r te r ie s  and  vessels o f th e  v iscera  (liv 
er, sp leen , k id n ey , h ea rt) were ex am in ed  in  only  a few in stan ces. A p a rt from  
slight f ib ro tic  changes of the  ao rtic  in tim a , th e  visceral an d  o th e r large a rte rie s  
showed no lesions despite  the  severe  co n cu rren t dam age to  cerebrosp inal 
vessels.

In  none o f th e  cerebral v a scu la r  w all lesions was n e u tra l  lip id  d em o n 
strab le  b y  lip id  s ta in , nor c rysta lline  C ho lestero l b y  p o la risa tio n  m icroscopy. 
In  every  case th e  lesions were o f a f ib ro tic , sclero tic  or n ecro tic  n a tu re  r a th e r  
th a n  a th e ro m a to u s . Since a m ark ed  m o n o n u c lea r cell in f iltra tio n  was alw ays 
seen in th e  a d v e n tit ia  or in th e  p e r iv a sc u la r  area of th e  in ju red  vessels, th e  
w all lesions w ere regarded  as p e ria rte riitis -n o d o sa -lik e  changes, w hich are  
v ascu la r in ju ries  charac teris tic  o f collagen  d iseases. The v ascu la r changes p ro b 
ab ly  arose b y  au to sen sitiza tio n , on an  allerg ic  basis.

D iscussion

T he above described wall changes o f  cerebrosp inal vessels of swine are  
very  rem in iscen t o f p eria rte riitis  nodosa  lesions and  cause nervous sy m p to m s. 
T he disease a lw ays involved th e  w all o f  sm all arterio les or m u scu la r- ty p e  a r 
teries. A lth o u g h  th e  w all lesions d id  n o t  seem  to  have a n y  site  of p reference, 
th ey  occurred  m ore often  in ce rta in  b ra in  a reas  th a n  in o thers, such as before 
an d  beh ind  th e  ch iasm a in th e  d iencepha lic  a rea , ch iefly  a t  th e  basa l p a r t  o f 
th e  b ra in , in  th e  a rte rie s  of th e  ce reb ra l a n d  sp inal pia m a te r , as well as in  th e  
m edulla o b lo n g a ta , pons and m esen cep h a lo n . T he in ju red  vessels show ed 
oedem a, f ib rin o id  degeneration  or necrosis o f  th e  w all an d  severe im p a irm en t 
of elastic e lem en ts . A bove all th e  in tim a  a n d  m edia becam e invo lved , over 
areas of v a ry in g  size. The in ju red  vessels w ere su rro u n d ed  e ith e r  b y  a m ark ed  
m ononuclear cell in filtra tio n  rem in iscen t o f p e ria rte riitis  nodosa or by  acu te  
and chronic p e riv a scu la r  haem m orrhages or signs ind ica tiv e  o f an  early  phase 
of haem orrhages. Throm bosis reg u la rly  o ccu rred  in the  in ju red  vessels. T hese 
changes co rrespond  n o t so m uch to  a sim p le  arteriosclerosis, progressing  w ith  
age, as to  a h y p ererg ic  p eria rte riitis-n o d o sa-lik e  vascu litis . C o r n e r  an d  J e r i 

c h o  ( 1 9 6 4 )  a rriv e d  a t  sim ilar conclusions. A lthough  w all lesions are often  
found in th e  s ites charac teris tic  of a rte rio sc le ro s is , these m igh t well be a t t r i 
b u ted  to  th e  haem o d y n am ic  factors o p e ra tiv e  in th e  basic cerebrosp inal d iso rder. 
M oreover, v a sc u la r  injuries m ay also be found  in th e  d iencephalon , pons,
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m edulla  ob lo n g a ta  a n d  cerebellum , v iz . in  areas never invo lved  b y  a r te r io 
sclerosis, to  ju d g e  b o th  from  lite ra ry  d a ta  an d  our own experience.

C erebrosp inal w all lesions d iffer from  arterio sc le ro tic  v ascu la r in ju ry  
n o t only  in  th e ir  s ite  o f  localization , b u t  also in  th e  freq u en t occurrence o f w all 
haem orrhages an d  th ro m bosis. W e n e v e r saw  necrosis of b ra in  tissue in  a sso 
c ia tio n  w ith  a rterio sc lerosis , b u t o ften  observed  in ju ries o f p e rivascu la r n e rv e  
tissu e , above a ll n e rv e  cell changes p ro b a b ly  due to  c ircu la tion  d isorders. I f  
th e  in ju ry  was ex ten s iv e , the  nerve tissu e  becam e porous, a n d  th e  ap p ea ran ce  
o f cav ities filled  b y  a liq u id  or ge la tinous su b stan ce  can p ro b ab ly  be ex p la in ed  
b y  lysis of nerve  tissu e . P o st-vascu litis  changes com prise stenosis rem in iscen t 
o f  chronic e n d a rte r iitis , and  a m ark ed  fib ro tic  and  sclerotic  lesion of u su a lly  
a ll v ascu la r w all lay e rs .

T he v aried  h e rd  h is to ry  d a ta  p e rm it no conclusion as to  th e  n a tu re  o f  th e  
fac to rs  responsib le  fo r eliciting th is  p ro b a b ly  hypererg ic  v ascu litis  of th e  ce
reb ro sp in a l vessels.

H u m an  p a th o lo g is ts  have ad v an ced  tw o  theories to  explain  th e  a e tio l
ogy of p e r ia r tc r iitis  nodosa. One of th e se  theories suggested  by  S e l y e  a n d  
P e n t z  (1943) is b ased  on th e  p len tifu l ev idence th a t  th e  organism  resp o n d s 
to  various s tim u li b y  an  a larm  reac tio n , m ark ed  in p a r t  b y  increased secre tio n  
o f ad ren o co rtica l horm ones. Since re p e a te d  s tim u li re su lt in an  ad ap tiv e  th ic k e n 
ing o f th e  ad ren a l co rtex , th e  co n seq u en t excessive horm one p ro d u c tio n , a c 
cord ing  to  S e l y e  an d  P e n t z , elicits p e ria rte riitis  nodosa. S im ilar v a sc u la r  
lesions can in  fa c t he elicited in ra ts  b y  overdoses of ad ren o co rtica l horm one.

A c c o r d i n g  t o  t h e  o t h e r  h y p o t h e s i s ,  p e r i a r t e r i i t i s  n o d o s a  i s  a  h y p e r e r g i c  

v a s c u l i t i s ( R ö s s L E ,  1937; G e r l a c h , 1923). R i c h  a n d  G r e g o r y  (1943) w e r e  a b l e  

t o  r e p r o d u c e  t h e  d i s e a s e  b y  r e p e a t e d  a d m i n i s t r a t i o n  o f  h o r s e  s e r u m  t o  r a b b i t s  

s e n s i t i z e d  w i t h  h o r s e  s e r u m .  K i e l s c h p e r g e r  a n d  S t ü n z i  (1946) e s t a b l i s h e d  

t h a t  r e p e a t e d  i n f e c t i o n s  w i t h  E r y s i p e l o t h r i x  r h u s i o p a t h i a e  m i g h t  p l a y  a  r o l e  

i n  t h e  d e v e l o p m e n t  o f  c e r e b r o s p i n a l  v a s c u l a r  d i s e a s e .

A p art from  o n se t, course an d  sy m p to m s, th e  m icroscopic cereb rosp ina l 
lesions of th e  d isease are  also c h a ra c te ris tic  an d  differ from  th e  en cep h a litic  
a n d  m eningeal changes elicited b y  in fec tious diseases (A ujeszky’s d isease , 
sw ine fever, in fec tious po lioencephalom yelitis , etc.) or o th e r causes (e.g. N aC l 
poisoning). N everth e less , d iffe ren tia tio n  from  th e  la t te r  diseases a lw ays re 
qu ires m icroscopic exam ination  o f th e  b ra in .

SUMMARY

Periarteriitis-nodosa-like vascular w all lesions, causing distinct nervous sym p tom s, 
were observed in the central nervous system  of above 1-year-old sows and 8 to 12-m onth-old  
fattener swine. Incidence of the disease was sporadic; but losses were notable (8— 49 adult 
swine per herd) over periods of 2— 16 m onths. The course of the disease was either rapid, la st
ing a few days, or prolonged over several w eeks, som etim es w ith tem porary im provem ent, 
but the outcom e was usually  fatal or em ergency slaughter had to be performed.
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The lesions consisted  of serous and cellular infiltration o f the vessel wall, fibrinoid de
generation and necrosis o f intim a and m edia, injury or disintegration of their elastic elem ents, 
or chronic sclerotic processes, often accom panied by throm bosis and stenosis, or com plete  
obliteration of the vascular lumen. A bove all sm all arterioles and m uscular-type arteries b e
cam e involved. The lesions did not seem  to have a site o f preference, but they occurred m ost 
frequently in arteries o f  the cerebral and spinal leptom eninx, in the brain and much less o ften  
in  the spinal cord. O ther frequent sites o f localisation were vessels o f the medulla oblongata, 
pons, m esencephalon and diencephalic areas anterior and posterior to the chiasma, usually  a t 
the base of the brain.

In cases o f severe vascular injury, the surrounding nerve tissue also became involved ; 
the nerve cells show ed regressive changes o f different degrees, the brain tissue became rarefied  
and porous, while oedem a and cavities o f  various sizes, filled by serous or gelatinous substance, 
appeared in the area o f the corpus striatum  and internal and external capsule. The cerebral 
processes were occasionally  accompanied b y  a serous or cellular infiltration  of the pia m ater.

No similar changes were found in the aorta and visceral (splenic, hepatic, renal and  
cardial) vessels o f th e  exam ined anim als.

The cerebrospinal vascular wall injury has been regarded as a collagen disease and its  
causation has been attributed  to an acute vasculitis o f allergic origin.
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W ith  th e  incidence o f enterococcal food poisoning  show ing a rising  tre n d  
of la te , D -serogroup  strep to co cc i are beg inn ing  to  acqu ire  a grow ing im por
tance  in food hyg iene . One sign of th is  is th e  recen t c lassification  o f e n te ro 
coccal com ponen ts o f th e  in te s tin a l flora o f m an  an d  an im als w ith  th e  in d ica 
to r  flo ra  o f ce rta in  food p ro d u c ts , on acco u n t o f th e ir  h igh resistance . T he 
presence o f large nu m b ers  o f enterococci in food p ro d u c ts  d irec tly  a fte r  freezing, 
d ry ing  or m ild  h ea t tre a tm e n t usually  suggests a h igh degree of b ac te ria l con
ta m in a tio n  p rio r to  processing , y e t th e  p a th o g e n ic ity  of these  organism s is 
s till a m a tte r  o f d isp u te .

Ada Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (3). pp. 299 — 306 (1972 )

Clarification of the problem  is hampered by the inconsistent results o f feeding experi
ments performed on volonteers w ith isolates from reported cases o f food poisoning (Mo o r e , 
1955; Sla n etz  et ah, 1963; D e ib e l  and Sil l ik e r , 1963; H a rtm an  et ah, 1965; Sed o v a , 1970). 
The probable explanation is th a t the establishm ent of food poisoning depends on several factors 
rather than one, like all other diseases caused by facu ltative ly  pathogenic microorganisms 
(P u szta i, 1967).

Certain authors have postulated a sim ilarity betw een the m echanism s of staphylococcal 
and enterococcal food poisoning and toxin  of similar action  to staphylococcal enterotoxin has 
in fact been dem onstrated from  two strains of Streptococcus faeca lis var. zymogenes (F u jiw a r a  
et ah, 1956).

The conflicting findings of feeding experim ents on hum ans and the various difficulties 
o f their performance and evaluation  initiated our previous experim ents aimed at an assessm ent 
o f  the frequency of occurrence in food products o f enterococcus strains pathogenic for mice. 
We found that 18.8% o f m ice died after being inoculated intraperitoneally w ith 2 ml of 24-hour 
glucose broth cultures o f  D - streptococcus strains iso lated  from various foods (P usztai and 
B ir ó , 1965). The toxic action  o f several bacterial strains was dem onstrated in a further series 
of experim ents. Out of 50 enterococcus isolates, eight elicited well defineable microscopic le
sions' ind icative o f hepato-tox ic  action after intraperitoneal adm inistration to mice (P u szta i 
and Ve t é s i , 1971).

A substantial contribution to the elucidation o f certain aspects o f enterococcal food  
poisoning has been m ade b y  phage typing (B e k e r ic h  and H a u d r o y , 1922, B a g g er , 1926; 
D u tto n , 1926; Ciu c a  et ah, 1959; B el o iu  et ah, 1964; B r o c k , 1964; B irzu  et ah, 1966; H och 
and H er m á n , 1971). This technique has already considerably extended the possibilities o f  
detecting the source of an infection and increased the efficiency of prevention by enabling  
follow-up o f the path  o f infection , and the good results obtained w ith certain Hungarian phage 

isolates promise a further broadening and refinem ent o f its applications (H erm á n  and H o ch , 
1971).
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Table I

Characters o f enterococci
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Ex s a — — white + + —

E 6 SG У + + red + + —

Е ю SG V — + red + + —

e 12 V V — + red + + —

Ei3 CN Y — + red + —

E is NSE У + red + +

Material and methods

T h e experim en ts rep o rted  in  th is  p a p e r  were carried  o u t w ith  th e  a im  of 
e s tab lish in g  w h e th e r ce rta in  en te ro co ccu s s tra in s  iso la ted  from  cases o f food 
po iso n in g  in H u n g a ry  are  tox ic  fo r m ice.

N ineteen  s tra in s , all o rig in a tin g  from  th e  collection o f th e  N a tio n a l 
I n s t i tu te  of N u tr itio n , w ere ex am in ed . T he m a jo rity  (17 s tra in s) h a d  been  
c u ltu re d  as p resum ed  cau sa tiv e  a g e n ts  o f food poisoning  on th e  g rou n d s th a t  
th e  food p ro d u c t responsib le  for th e  po ison ing  h ad  co n ta in ed  th e m  in  a h igh 
c o n c e n tra tio n  an d  also th e  course o f th e  toxicosis seem ed c h a ra c te r is tic  of 
th e se  fa c u lta tiv e  pa th o g en s. T he rem ain in g  tw o s tra in s  h ad  been  iso la ted  from  
cases in  w hich th e  p a th o g en  was p re se n t n o t only in th e  in c rim in a te d  food 
p ro d u c t, b u t  also in  g astric  c o n te n ts  o b ta in e d  from  th e  p a tie n t b y  s to m ach - 
p u m p . Tw o a d d itio n a l en terococcus s tra in s  o rig inated  from  cases in w hich th ey  
re p re se n te d  only  one com ponen t o f a m ixed  flora in th e  to x ic  food p ro d u c t, in 
th e se  cases th e  in v o lv em en t of th e  en terococci was of course open to  d o u b t.

W ith  each s tra in  2 m l of a 1%  glucose b ro th  cu ltu re  w as in o cu la ted  in tra -  
p c r ito n e a lly  in to  tw o m ice, w eighing 3 5 —40 g. Ten mice each in o cu la ted  b y  th e  
sam e  ro u te  w ith  2 m l sterile  glucose b ro th  an d  saline, re spec tive ly , se rv ed  as 
co n tro ls .

Mice th a t  died sp o n tan eo u sly  or w ere k illed  in  ex trem is  du ring  th e  ex p er
im e n t w ere au to p sied , an d  th e ir  h e a r t  blood an d  various organs w ere exam ined  
bacte rio lo g ica lly . In fec ted  an im als show ing no signs o f disease an d  con tro ls  
w ere  k illed  a fte r  72 hours for p o s t m o rtem  an d  bacterio log ical ex am in a tio n .

L ivers from  one o f each in fec ted  p a ir  an d  from  severa l con tro l m ice were 
p rocessed  for h isto log ical ex am in a tio n . T h e  liver specim ens w ere fix ed  in  a 8%
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pathogenic and toxigenic for mice
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— + — — + + 41 S tr .  fa e c a l is  v . l iq u e -  
f a c .  ie n s

— + — — + + 41 S tr .  fa e c a l is

— + — — + + NT S tr .  fa e c a l is

+ + — — + + 1, 5, 13, 41 S tr .  fa e c a l is

-f- + + + 1, 2, 10, 13, 
41

S tr .  fa e c a l is

Symbols used: S, sausage; SG, gastric rinsing fluid after ingestion of sausage; V, venison; CN, 
cooked noodles; NSE, noodles with crambled egg; NT, untypeable

n e u tra l  fo rm aldehyde so lu tion , em bedded  in p ara ffin  an d  c u t in to  a b o u t 6 ц  
th ic k  sections. Sections w ere sta ined  w ith  h aem ato x y lin  an d  eosin, an d  som e b y  
th e  P A S , G ram  and  G öm öri’s silver im p reg n a tio n  tech n iq u es. In  every  case, 
frozen  sections were also p repared  for lip id  s ta in ing  w ith  S u d an  I I I .

R esu lts

T h e 19 stra in s s tu d ie d  could be d iv id ed  in to  th ree  g roups on th e  basis o f  
th e  ex p erim en ta l ob se rv a tio n s. Six s tra in s  caused a le th a l disease in  m ice 
w ith in  2 4 —48 hours a f te r  in tra p e rito n e a l ad m in is tra tio n , 11 s tra in s  caused  
a n o n -le th a l disease, a n d  tw o s tra in s p ro d u ced  no observab le  sy m p to m s.

T h e  six  en terococcus s tra in s  of th e  f i r s t  group h ad  o rig ina lly  all been  iso 
la te d  as th e  unequ ivocal cau sa tiv e  ag e n ts  o f  food poisoning. T he m ice th a t  d ied  
a f te r  in fec tio n  w ith  th e se  s tra in s  d isp lay ed  acu te  hyperaem ic  in fla m m a tio n  of 
th e  sp leen , congestive hy p eraem ia  of v a r io u s  organs, an d  acu te  h e a r t  d ila ta tio n  
on a u to p sy . The c u ltu ra l an d  b iochem ical p ro p ertie s  as well as th e  phage ty p e s  
o f th e  b ac te ria  re iso la ted  from  the  carcases  corresponded  w ith  tho se  o f th e  
s tra in s  used  for in fec tion .

F o u r  of th e  six s tra in s  (E 1? E 10, E 12, E 13 in  T able I) caused  liv er cell 
changes ind ica tiv e  of to x ic  dam age. T h e  nucle i of th e  im p a ired  cells v a ried  
g re a tly  in  shape and  size. M any were co n sid e rab ly  en larged , o th ers  e longated  
and  defo rm ed . Some cell bodies sh ran k  a n d  sta in ed  d a rk  red  w ith  eosin (liver 
cell collapse). This la t te r  change was especia lly  pronounced  in  th e  liver of th e  
m ouse in fec ted  w ith  s tra in  E 12. O ccasionally  p aren ch y m al cell necrosis was
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Table II

Characters o f enterococci pathogenic
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E 36 NC 7 — + red + - f —

E =7 VCF 7 — _L red + + +
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n o ticed , and  in  one case th ro m b u s fo rm atio n  to o k  p lace in th e  h ep a tic  vessels. 
W ith  a n o th e r s tra in , E 6, w hich h ad  o rig inally  been iso la ted  from  th e  g as tric  
w ashings of a p e rso n  suffering  from  food poisoning , we observed signs o f th e  
a c tiv a tio n  of R E S  cells an d  the  ap p earan ce  o f n e u tro p h ilic  g ranu locy tes in  th e  
liv er o f th e  in o c u la te d  m ouse.

The 11 en te rococcus stra in s of th e  second group caused  an  illness of v a r y 
ing  sev erity  h u t  w ith o u t fa ta l outcom e. A nim als k illed  48 — 72 hours a f te r  infec-
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but not toxigenic for mice
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— + — — + + 41 Str. fa eca lis  
V . liquefaciens

— — + + + + NT Str. fa e c iu m

— — + + + + 8, 670 
963, 867

Str. fa e c iu m

— — _L — + + NT Str. fa e c iu m

+ + — + + 41 Str. fa eca lis  
V. liquefaciens

— — — — + + 8, 670 
867, 963 Str. dura n s

— — + — _L + 8, 670 
867, 963 Str. fa e c iu m

— + — — + 5, 7 Str. fa eca lis

+ + — — Ц- + NT Str. fa eca lis

— + — — + + NT Str. fa eca lis

1 -p — — ~T~ "1 NT Str. fa eca lis  
V. liquefaciens

Sym bols used: S, sausage; SS, smoked sausage; SCh, sheep cheese; FC, fermented curd; NC, 
noodles with curd; YCF, various cooked foods; NT, untypeable

t io n  d id  no t show  an y  c h a ra c te ris tic  gross lesions, b u t cocci cou ld  be re iso la ted  
from  th e  carcases an d  th e y  co rresponded  in  every  resp ec t w ith  those used 
fo r th e  in fection  (T able I I ) .  M icroscopic exam in a tio n  of th e  livers of m ice in 
th is  group revea led  no to x ic  p a ren ch y m a l cell dam age, b u t , u n like  in  m ice of 
th e  f irs t group , th e re  was o ften  an  acu te  fib rinous p e rito n itis .
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963 Sir. faecium

+ 8, 670 
963,1510 Str. faecium

Sym bols used: LS, liver sausage; SCh, sheep cheese
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The two en te rococcus s tra in s  form ing  the  th ird  group  had  orig inally  
been  iso lated  from  food  p ro d u c ts  h av in g  h igh to ta l  germ  coun ts (107/g) cover
ing  a m ixed b ac te ria l f lo ra . These s tra in s  produced  no sy m p to m s on in tra p e ri
to n e a l ad m in is tra tio n  to  m ice. W hen killed  72 hours a f te r  inocu la tion , th e  a n i
m als showed only th e  a c u te  d ila ta tio n  o f h e a r t and  lung resu ltin g  from  e x te r
m in a tio n . A tte m p ts  to  recu ltu re  th e  s tra in s  from  o rg an s, how ever, w ere suc
cessful (Table I I I ) .  N o to x ic  h ep a tic  dam age was seen on histo logical exam i
n a tio n .

C ontrol m ice in o c u la te d  w ith  sterile  b ro th  or saline show ed no sym ptom s 
over a 72-hour perio d  o f  observation , w hen th e  an im als  w ere ex te rm in a ted . 
P o st-m o rtem  and  bac te rio lo g ica l find ings were n eg a tiv e , an d  no tox ic  p a re n 
ch y m al cell dam age w as seen during  m icroscopic ex am in a tio n  of th e  livers.

D iscussion

The causative  a g e n ts  of food poisoning an d  food co n tam in a tio n  are e ith e r 
to x in -e lab o ra tin g  m icroorgan ism s or else organism s p ro duc ing  pathogen ic  
effects by  an u n k n o w n  m echanism  (T h a t c h e r  an d  Cl a r k , 1968). To judge  
from  b o th  hom e a n d  foreign  s ta tis tic s  th e  fa c u lta tiv e ly  pa thogen ic  organism s 
belonging  to  th e  l a t te r  g roup  are freq u en tly  responsib le  for w hat are called 
non-specific  food po ison ings. O rders reg u la tin g  th e  re p o rtin g  of such cases, 
how ever, differ from  c o u n try  to  co u n try . (In  H u n g a ry , a ll confirm ed and  even 
su sp ec t cases m u st be com pulsorily  rep o rted .)  In  th e  absence  of an  ob liga to ry  
p a th o g en , any  m icroo rgan ism  occurring  in  th e  in c rim in a te d  food p roduc t a t  a 
su ffic ien tly  high c o n c e n tra tio n  should  be regarded  as such , if  th e re  is evidence 
in  lite ra tu re  of its  c a u sa tiv e  role in food poisoning  (O r m a y  and  N o v o t n y ,
1970).

In v estig a tio n s co n d u c ted  during  recen t years h a v e  th ro w n  m uch ligh t 
on several aspects o f non-specific  food poisoning  an d  in fec tio n . W e now know  
t h a t  Clostridium p erfringens  an d  Bacillus cereus m u s t be ad d ed  to  th e  lis t of 
p ro v en  agents of food tox icosis or in fection  (W H O , 1968). The role of o th e r 
fa cu lta tiv e ly  p a th o g en ic  m icroorganism s, includ ing  en terococci is, how ever, 
s till a m a tte r  of d isp u te ; feeding experim en ts on h u m a n  vo lun teers have n o t 
he lp ed  to  clarify th is  p ro b lem . Q uite new  research  suggests th a t  ce rta in  stra in s 
o f  Str. faecalis var. liquefaciens  and  Str. faecalis v. zymogenes have  en te ropa tho - 
genic properties (S e d o v a , 1970). I t  has also been d e m o n s tra te d  th a t  th e  b a c te 
rium -free  cu ltu re  f i l t r a te s  of pathogen ic  en terococcus s tra in s  do no t cause 
d isease. Ingestion  o f  a la rge  am o u n t — several m illions — of live germ s is 
req u ired  to  elicit th e  co n d itio n , as has also been affirm ed  b y  our previous fin d 
ings.

F o o d  po iso n in g  e l ic i te d  b y  f a c u l t a t iv e ly  p a th o g e n ic  m ic ro o rg a n ism s  as 
a ru le  ta k e s  a m i ld  c o u r se ,  a n d  r e c o v e ry  c a n  be  e x p e c t e d  to  be  r a p id .  O r m a y
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and  N o v o t n y  (1970) nevertheless re p o rt th a t  a g rea te r  p a r t  of th e  p a tie n ts  
affec ted  b y  S tr. faecalis  food poisoning  req u ire  h o sp ita l tre a tm e n t.

E a rlie r  s tud ies in th is  lab o ra to ry  had been perfo rm ed  to  clarify  w h e th e r 
en terococcal tox ins h av in g  an  ac tion  sim ilar to  s taphy lococcal e n te ro to x in s  
can be d em o n stra ted  by  inocu la tion  o f ex p erim en ta l an im als. C ertain  e n te ro 
coccus s tra in s  were found  to  cause h ep a to to x ic -lik e  changes on in tra p e rito n e a l 
a d m in is tra tio n  to  m ice. T he p resen t ex p erim en ts  were carried  ou t to  check  th e  
su ita b ility  o f th is  m odel for to x ic ity  assay  o f en terococcus s tra in s . A ccord ing  
to  th e  h isto log ical exam ina tions, four o f th e  19 s tra in s  s tu d ied  caused h e p a to 
tox ic -like  p a ren ch y m al cell dam age in  th e  liver of m ice. No evidence o f to x ic  
p ro p e rty  could be o b ta in ed  for th e  rem ain in g  15 s tra in s , a lthough  th e se  also 
h ad  been iso la ted  from  food p ro d u c ts  responsib le  for poisoning. L ack o f to x in  
p ro d u c tio n  m igh t have  been due to  th e  loss of th is  c a p ac ity  during  th e  severa l 
m o n ths th a t  e lapsed  betw een  iso lation  an d  ex p e rim en ta l use. O ur own ex p e 
rience, an d  th a t  of o th e r au th o rs  h av e  been  th a t  en terococcal iso lates from  a 
given te s t  m a te ria l often  con ta in  severa l s tra in s  of w hich usually  only one can  
be found  a f te r  th e  su b seq u en t tran sfe rs . I t  m ay  be th a t  th is  phenom enon  w as 
responsib le  for th e  lack  of tox ic  p ro p e rty  o f several of th e  s tra in s  even th ro u g h  
som e of th em  caused  disease or d ea th  o f th e  ex p erim en ta l anim als.

D e te rm in a tio n  of th e  b iochem ical p ro p ertie s  an d  phage ty p in g  o f s t r e p to 
coccal iso la tes from  th e  p a tie n t’s bo d y  an d /o r from  th e  in crim in a ted  food can 
c o n tr ib u te  g rea tly  to  an u n d e rs tan d in g  o f th e  aeth io logy  of en terococcal food 
poisoning. Id e n tif ic a tio n  o f th e  re iso la ted  s tra in s  w ith  th e  original ones on th is  
basis can  p rov ide  positive co n firm a tio n  of th e ir  cau sa tiv e  role in food p o iso n 
ing. T he im p o rtan ce  o f phage ty p in g  is fu r th e r  u n d erlin ed  b y  th e  fac t t h a t  S tr. 
faecalis  an d  S tr. fa ec iu m  are  often  s im u ltan eo u sly  p resen t in th e  sam pled  m a te 
rials.

C u rren t s tud ies w ith  te m p e ra te  phages of th e  tran sfe rab ility  to  non- 
pa thogen ic  en terococcus s tra in s  of th e  genetic  fac to r conferring  p a th o g e n ic ity  
( H e r m á n  an d  H o c h , 1971) are expec ted  to  th ro w  m ore lig h t on th e  p rob lem  of 
en terococcal p a th o g en ic ity .

SUM M ARY

The present studies were carried out to investigate the tox ic ity  for mice of enterococcal 
strains isolated in connection w ith hum an cases o f food poisoning.

Of the 19 type-D  streptococcal isolates used only two originated from cases in which  
the causative organism could be dem onstrated not only  in the incrim inated food, but also in  
the gastric contents o f the patient. Four of the strains were found to cause toxic degenerative  
changes in the liver cells o f infected m ice, to judge from histological evidence. Thirteen strains 
caused an illness o f varying degrees o f severity  and som e o f them  even death but w ithout any  
indication of tox ic  action, while the rem aining two strains were non-pathogenic for m ice.

In view  of these findings it seems im portant that biochem ical testing and phage-typ ing  
of isolates from food and patient be performed whenever there is a strong suspicion o f entero
coccal food poisoning, especially as Str. faecalis  and Str. faecium  are often sim ultaneously  
present in sam pled m aterial though in the m ajority o f cases only Str. faecalis  is the causative  
agent.
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EINIGES ÜBER DIE ALLOPLASTIK

Von

К . S om o g y  va  ri

Chirurgischer und O phthalm ologischer Lehrstuhl (Leiter: Prof. A. B. K ovács) der Veterinär
m edizinischen U niversität Budapest

(Eingegangen am 25. März 1972)

Z usam m enfassung

Nach Bestim m ung des Begriffs der Alloplastik werden die gegenw ärtig gebräuchlichen 
alloplastischen Substanzen kategorisiert sowie die die weitläufige A nw endung der m etallenen  
alloplastischen Materien hem m enden Faktoren und die vorteilhaften E igenschaften der K unst
stoffe bzw. die den „gewebefreundlichen” Substanzen gegenüber gestellten  Anforderungen dar
gelegt. Unter den aufgearbeiteten 400 L iteraturangaben werden ein ige grundlegende bzw. 
zusam m enfassende M itteilungen eigens hervorgehoben.

Im  Rahm en der Erläuterung der eigenen Untersuchungen werden die über die bei 430 
Versuchstieren und etwa 200 klinischen P atienten m it den M itarbeitern gem einsam  durchge
führten experim entellen und klinischen U ntersuchungen berichtenden Publikationen zusam 
m engefaßt. Die im  Zusam m enhang dam it aufgearbeiteten Themen beziehen sich auf die vor
teilhaften  Eigenschaften der Polyester-N ähfäden, die günstigen histologischen Ergebnisse der 
unter Anwendung von Tantalklam m ern verfertigten m aschinellen N äh te, die neuen Opera
tionsverfahren, bei denen anläßlich von  M agen-Darm trakt-, B lutgefäß-, Urogenitalapparat- 
und Gallengang-Eingriffen der G ew ebeklebstoff H istoacryl verw endet worden war, die An
w endungsm öglichkeiten der film bildenden Substanz Plastubol in der veterinärm edizinischen  
Chirurgie und die Vorteile des fibrinhaltigen W undstreupulvers. In der Folge werden die Ergeb
nisse der sich auf das G ewebeverhalten und die Absorption der B ioplaste beziehenden U nter
suchungen sowie die A ntigeneigenschaften der B ioplaste ausführlich beschrieben.

U n te r A llop lastik  v e rs te h t m an die zum  E rsa tz  d er z e rs tö rte n  oder feh 
lenden  Gewebe des O rganism us m it frem den  leblosen S u b stan zen  d ienende 
M ethode. H ierbei kom m en M aterien  zur A nw endung, die d e r O rganism us to le 
r ie r t  und  die sich zur V ersorgung versch iedener schütz- bzw . s ta tisch -m ech a 
n ischer A ufgaben  eignen.

Diese Bestrebungen blicken auf eine ziem lich lange Vergangenheit zurück. Schon die 
alten  Ägypter haben zum  Ersatz von Schädeldachdefekten E delm etall angewandt. P e t r o - 
N ius im plantierte in den Organismus 1565 Metall. Zur Vereinigung der geschädigten Gefäßen
den habenNiTZE 1897 ein Elfenbeinrohr, W ardz  1908 ein Gummirohr, T u f f ie r  ein paraffiniertes 
Silberrohr und Ca r r el  Glas-, Alum inium - bzw. Goldrohre angewandt. Der Erfolg dieser Ver
fahren erwies sich aber nur als provisorisch. F r a n k e l  war der erste, der 1894 zum Ersatz von  
Schädeldachdefekten einen K un ststoff — und zwar Zelluloid — angew endet hat, aber auch die
se M ethode bot keine endgültige Lösung. Die Ursache der E rfolglosigkeit dieser ersten Versuche 
lag darin, daß die verw endeten M aterien nicht gewebefreundlich waren.

Nach der Jahrhundertwende hat sich die Zahl der ohne Schädigung des Organismus an
wendbaren, sog. »gewebefreundlichen« Substanzen bereits in bedeutendem  Maße erhöht. 
D ies ist in erster Linie nicht einm al der stets zunehm enden Produktion der gewebefreundlichen  
M etalle und M etall-Legierungen zu verdanken, sondern vielm ehr der sich in verhältn is
m äßig kurzer Zeit vollzogenen Verbreitung der gewebefreundlichen K unsstoffe, welche der 
riesigen Entwicklung der chem ischen und biochem ischen Forschungen zufolge auf dem Markt 
erschienen.

Die gegenwärtig gebräuchlichen alloplastischen Materien können in zwei große Gruppen
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eingeteilt werden: M etalle bzw. M etallegierungen und K unststoffe. D as w ichtigste Anwendungs
bereich der Metalle ist die Knochenchirurgie, M etallnetze finden beim  Verschluß von B auch
brüchen eine Verwendung. M etallklam mern sind Bestandteile von  M agen-, Darm- und Gefäß
nähm aschinen. Die M etalle werden entweder in unlegierter (z. B. T antal) oder in legierter Form  
(z. B. Vitallium ) verw endet. Die m eist gebräuchlichen M etallegierungen sind die aus E isen  
verfertigten rostfreien Stähle, die Nickel- und Chromhaltige E delstahllegierung, das Chrom, 
M olibden und K obalt enthaltende V itallium  und schließlich die T itannickel-Legierungen.

Auf dem Gebiet der Alloplastik nehmen die K unststoffe allm ählich die Stelle der früher 
allgem ein angewandten M etalle ein. Dies ist m it den bekannten nachteiligen Eigenschaften  
der M etalle zu erklären: E inerseits sind einige von ihnen toxisch (K upfer, Magnesium, Eisen, 
Alum inium , Bronze), anderseits melden sich bei ihrer Anwendung Korrosionsproblem e, außer
dem  erleiden einige M etalle eine E lektrolyse (Gold, Silber, Alum inium ); hierzu kommt noch der 
hohe Preis gewisser M etalle und die Aufarbeitungsschwierigkeiten. In der Knochenchirurgie 
und zur Verfertigung verschiedener Exoprothesen gibt es aber trotzdem  auch heute noch kein 
besseres Material als M etall.

Der bei der H erstellung angewandten Grundsubstanz entsprechend lassen sich die 
K unststoffe in zwei große Gruppen — natürliche und künstliche K unststoffe — einteilen. U n
ter die letzterwähnten gehören die bioplastischen Substanzen, deren Grundsubstanz aus natür
lichem  Eiweiß besteht, die aber in ihrer äußeren Erscheinung kunststoffartige Produkte sind.

Die Vorteile der K unststoffe — gegenüber den Metallen — können im folgenden zu
sam m engefaßt werden: niedrigeres spez. Gewicht, schlechtere W ärm eleitfähigkeit, di
elektrische Eigenschaft, sie verursachen keine M etallose im Organismus; die meisten von ihnen  
verfügen über eine bedeutende Reiß-, Stoß- und Biegefestigkeit bzw. eine gute Färbbarkeit und 
tolerieren sogar die w iederholte W ärm esterilisierung; Transport und Speicherung der K un st
stoffe sind einfach, ihr Preis ist niedrig.

Den hinsichtlich der Gewebe indifferenten, sich zu chirurgischen Zwecken eignen
den K unststoffen gegenüber werden laut B ornem isza  (1960, 1963, 1964, 1968) folgende A n
forderungen gestellt: Der K un ststo ff darf keine Frem dkörperreaktion im  Organismus auslösen, 
keine allergische R eaktion  bzw. Tumorbildung verursachen, Sterilisierung und Bearbeitung  
sollen einfach sein. Zum eist wird gewünscht, daß der K unststoff seine ursprüngliche Form bzw. 
seine mechanischen usw. E igenschaften andauernd beibehalte, in anderen Fälle ist es jedoch  
vorteilhaft, wenn die alloplastische Substanz m it der Zeit resorbiert wird und sich die Resorp
tionsdauer bedarfmäßig regulieren läßt.

Die w ichtigsten, bei der Auswahl der in den Organismus eingepflanzten, der ständigen  
Einwirkung der G ew ebesäfte ausgesetzten, körperfremden, leblosen Im plantate organischen 
oder unorganischen Ursprungs berücksichtigenden biologischen Anforderungen sind nach  
A u b e r  und Antal (1962), daß das eingepflanzte M aterial keine G ewebeschädigung verursache, 
von  chemischem Standpunkt aus widerstandsfähig sei und von physischem  Standpunkt aus 
den Anforderungen der Inanspruchnahm e entspreche.

Durch die körperfrem den Substanzen wird — selbst wenn sie von  gewebefreundlicher 
N atu r sind — von ihrer Q uantität und Q ualität abhängig, im O rganism us eine gewisse U m ge
bungsreaktion ausgelöst, w ichtig ist nur, daß sie den Heilprozeß n ich t hem m en und über eine 
geringe gewebereizende W irkung verfügen.

Die weitläufige Verbreitung der alloplastischen Substanzen w arf eine ganze Reihe th eo 
retischer und praktischer Fragen auf. Obwohl die Ergebnisse der alloplastischen M ethoden  
auf dem  Gebiet der G ew ebevereinigung bzw. des Gewebsersatzes als vorzüglich zu bezeichnen  
sind, gibt es immer noch zahlreiche ungelöste Problem e. Nach der A nsich t von P e t r o w s k ij 
und W en ed ik to w  (1967) verm ag die Alloplastik den Ersatz der verletzten  bzw. zerstörten  
Gewebe gegenwärtig noch n icht ideal zu lösen, d. h., daß Mängel und K ontraindikationen auf 
diesem  Gebiet keine Seltenheiten  sind. H e in z e  hat in seiner 1955 erschienenen M itteilung  
darauf hingewiesen, daß bisher noch keine, säm tlichen G esichtspunkten, vor allem der Toleranz 
und der B elastungsfähigkeit der Gew^ebe entsprechende körperfremde Substanz entdeckt w or
den ist.

Im Laufe der vergangenen 15 Jahre erschienen sowohl in der einheim ischen (A u b e r  
und An ta l , 1962, B a g d y  und Mitarb., 1963, Bo rn em isza , 1960, 1963, 1964, 1968, Csilla g  
und J e l l in e k , 1958, F u r k a , 1967, Gy u r k ó , 1967, 1969; K ovács, 1959; N e m e s , 1970; S ip o s , 
1956) wie auch in der ausländischen (G ottlob und B l ü m el , 1965, 1966, 1967, 1967; Gr it s - 
m a n , 1964, 1966; G r itsm a n  und Mitarb., 1968; H ä rin g  und M itarb., 1966; H e in z e , 1955; 
H u d e m a n , 1959; I n o u  und M itarb., 1962, 1965; Matsumoto  und M itarb., 1967, 1967, 1967, 
1968; Ota und M itarb., 1965; P e t r o w sk ij  und W e n e d ik t o w , 1967) Literatur zahlreiche, die 
Problem atik der A lloplastik  behandelnde grundlegende oder zusam m enfassende M itteilungen. 
Im  Laufe der U ntersuchung alloplastischer Materien haben auch wir m ehr als 400 Literatur
angaben aufgearbeitet (S o m o g y v á r i, 1971).
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Eigene U n tersuchungen

U n längst erschien  eine u n se re r M itte ilungen  ü b er die U n te rsu c h u n g  der 
allo- und  h iop lastischen  S u b stan zen . D as Ziel dieser A rb e it w ar die ex p e rim en 
te lle  u n d  klinische E rp ro b u n g  d er a n läß lich  einiger ch iru rg isch er E ing riffe  in  
d er le tz te n  Z eit an gew and ten  bzw . ex p erim en te ll v e rw en d e ten  a llo p las tisch en  
M aterien  (N äh m ate ria l, K leb sto ffe , zu r W undb ed eck u n g  d ienende  f ilm b il
dende sowie b iop lastische P rä p a ra te )  fe rn er die A nalyse des G ew ebeverhaltens 
d ieser S u bstanzen . A ufgrund der G eg en ü b erste llu n g  der k lassischen  u n d  neuen 
ch iru rg ischen  E rsa tz -  bzw. H ilfsm a te rie n  tra c h te te n  w ir d er h u m an m ed iz in i
schen u n d  veterinärm ed iz in ischen  C h iru rg ie  neue exp erim en te lle  A ngaben  und  
p a th o h isto log ische  B eobach tungen  zu  liefern.

Im  Laufe d ieser U n te rsu ch u n g en  w urden  bei 430 V ersu ch stie ren  (P ferd , 
R in d , Schw ein, H u n d , K an in ch en , M eerschw einchen u n d  A lb in o ra tte )  O pe
ra tio n e n  d u rch g efü h rt, B eo b ach tu n g en  e rm itte lt, au ß erd em  w urden  m it e in i
gen a llop lastischen  M aterien  e tw a 200 zum  K ran k en g u t der K lin ik  gehörende 
T iere  b eh an d e lt. D ie O p era tionsergebn isse  w urden  m it H ilfe von  zah lre ichen  
R ö n tg en au fn ah m en  k o n tro llie rt u n d  das S ek tio n sm ateria l d er ex p erim en te llen  
E ingriffe  an h an d  von  etw a 5000 path o h is to lo g isch en  P rä p a ra te n  b ew erte t.

U nsere  U n te rsu ch u n g en  sow ie d ie  die ausführliche E rlä u te ru n g  derselben  
e n th a lte n d e n  M itte ilungen  um fassen  die V erg le ichsun tersuchungen  d er P o ly 
es te r-K u n s ts to ff-  und  der h e rk ö m m lich en  N äh m ate ria lien  (B . K ová cs  und  
S o m o g y v Ár i . 1969, 1969, 1969), die B ew ertu n g  der bei den M agen-D arm -N äh- 
m asch inen  verw endeten  T a n ta l-M e ta lln äh te  ( E g r y  und  M ita rb ., 1969), die 
o p e ra tiv e  E rp ro b u n g  des H istoacry l-G ew ebek lebsto ffes bei v e rsch iedenen  E in 
g riffen  (V erdauungskanal: E g r y  u n d  S o m o g y v á r i , 1970, 1971; S o m o g y v á r i  
u n d  E g r i , 1971; B lu tgefäße : D u b e c z  u n d  M itarb ., 1971, S z e n t g á l i  u n d  M ita rb ., 
1969, 1971; U rogen ita lo rgane: B r e i e r  u n d  M itarb ., 1971, 1971; G allengänge: 
S o m o g y v á r i  und  M itarb ., 1972), d ie  v e te rinärm ed iz in ische  A nw endung  von  
P la s tu b o l (zur W undbedeckung  d ien en d es syn thetisches P rä p a ra t)  (B . K ovács  
u n d  M ita rb ., 1969, 1970), die ex p e rim en te lle  U n tersu ch u n g  eines f ib rin h a ltig en  
W u n d streu p u lv e rs  (B . K ovács u n d  M ita rb .. 1969, 1970), die R eso rp tio n  der 
B iop laste  aus dem  su b k u tan en  B indegew ebe (B. K ovács  u n d  M ita rb ., 1965, 
1965) sowie aus der M arkhöhle d e r R öhrenknochen  H o r v á t h  u n d  S o m o g y 
v á r i , 1971, So m o g y v á r i  und H o r v á t h , 1971), die sich a u f  den B iop last- 
Schw am m  (G e r e n d á s  und M ita rb ., 1966) und  a u f  die n a h ts tä rk e n d e  B io
p last-K n ö p fe  (B. K ovács  und M ita rb ., 1967) beziehenden A ngaben  u n d  sch ließ 
lich die E rgebnisse der zwecks K lä ru n g  der A ntigeneigenschaften  d er B iop laste  
vorgenom m enen  U n te rsuchungen  ( H o r v á t h  und  M ita rb ., 1969, 1969).
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F olgerungen

Die im L aufe d e r U n tersuchungen  e rm itte lte n  F o lgerungen  lassen sich 
in folgendem  zu sam m enfassen :

D as einheim ische P o ly e s te r-N a h tm a te ria l (R ico-V erbandw erke) v erfü g t 
im  Vergleich zu den  b isherg eb räu ch lich en  N a h tm a te r ia lien  ü b er m anche v o r
te ilh a f te  E ig en sch aften : Es to le rie rt sogar m ehrere  S terilisierungen  im  A u to 
k la v  ohne Schäd igung , wegen seiner geringen  K a p illa r itä t  is t die D ra in ag e
w irkung  u n b ed eu ten d , die D ehnung  is t geringer als die von  P o ly am id , die 
R eiß festigkeit dagegen  ausgezeichnet; das P ro d u k t k a n n  m it den m eisten  
allgem ein g eb räuch lichen  C hem ikalien b e h a n d e lt w erden , industrie lle  V eru n 
rein igungen  lassen sich  le ich t und  restlos en tfe rn en .

D er en tsp rech en d en  R eiß festigkeit u n d  K n o ten fe s tig k e it zufolge sichert 
das P o ly e s te r-N a h tm a te ria l selbst im  F alle  e iner b ed eu ten d en  S pannung  einen 
zuverläß lichen  W u n d v e rsch lu ß , w elcher U m sta n d  sich in der v e te rin ä rm ed iz i
n ischen  Chirurgie a ls besonders v o rte ilh a f t erw ies.

L au t der E rg eb n isse  der h isto log ischen  V erg le ichsun te rsuchungen , wobei 
es sich um  die g leichzeitige P rü fu n g  der herköm m lichen  N äh m ate ria lien  (C atgu t, 
Seidenfaden) h a n d e lte , w aren  die b esten  E rgebn isse  in bezug a u f  das P o lyeste r- 
N a h tm a te ria l zu e rh a lte n . In  der U m gebung  d ieser N ä h te  h ö rten  die e n tz ü n d 
lichen Prozesse ra sc h  a u f  u n d  auch die R ep ara tio n se rsch e in u n g en  sc h ritte n  
u n b e h in d e rt v o ran . D as im  Laufe der R e p a ra tio n  geb ilde te  A ngio -F ib rob last- 
gew ebe drang  in d ie  S u b stan z  der aus m eh reren  F äd en  zu sam m en g ed reh ten  
N ä h te  ein, te ilte  d iese in  R ündel, sodann  in  einzelne, a lle instehende F äd en ; 
in den späteren  P rä p a ra te n  ließ sich bere its  b eo b ach ten , daß  das Gewebe die 
F ad en su b stan z  v o llk o m m en  um sponnen  (o rgan isiert) und  in das anstelle  des 
E ingriffs gebildete N arbengew ebe e in g eb au t h a t. In  der U m gebung der kon tro ll- 
h a lb e r u n te rsu ch ten  k lassischen  N äh m a te rien  en tw ick e lte  sich in säm tlichen  
F ä llen  eine um fan g re ich ere  G ew ebereaktion , au ß erd em  w aren  sogar m ehrere  
W ochen  nach der O p e ra tio n  — obw ohl sich die F ä d e n  teilw eise bere its ab g ek ap 
se lt haben  — en tz ü n d lic h e  Z ellelem ente v o rzu fin d en , w elche fü r die häu fig  
b eo b ach tb a ren  o p e ra tiv e n  S p ä tk o m p lik a tio n en  (F ad en e ite ru n g , A ußstoßen  
der N äh te , F is te lb ild u n g ) v e ran tw o rtlich  sind .

Die hei den m enschlichen  O p era tio n en  geb räuch lichen  M agen-D arin- 
N ähm asch inen  h a b e n  w ir im  H u n d eex p e rim en t, an läß lich  von  M agenresektio
n en  u n d  D arm an asto m o sen  gep rü ft: D ie an g ew an d ten  T an ta lk lam m ern  sicher
te n  — im  V ergleich zu  den  klassischen N ä h m a te rie n  — eine genauere W u n d 
vere in igung  und  lö s te n  eine geringere G ew ebereak tion  au s; diesen U m stän d en  
zufolge sind n ach  A n w endung  von m asch inellen  N ä h te n  die W undheilung  
beschleunig t und  die R e p a ra tio n sv e rn a rb u n g  geringer.

W ie d a ra u f  die h isto log ischen  U n te rsu ch u n g en  hingew iesen haben , b e 
s te h t zwischen den  R ep ara tio n sp ro zessen  d er o p e ra tiv en  W unden , davon  
abhäng ig , ob m asch ine lle  N äh te  oder k lassische M ethoden  angew and t w orden
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w aren , ein w esentlicher U ntersch ied . In  den m itte ls  N ähm asch ine  v ere in ig ten  
O pera tio n sw u n d en  b ild e t sich in der U m g eb u n g  der T an ta lk la m m e r in  K ürze  
ein d e fin itiv e r  Z u stan d  aus (b indegew ebige  A bkapselung), w äh ren d  sich ru n d  
um  die m it dem  k lassischen  N ä h m a te r ia l vere in ig ten  W u n d rän d e r noch  in  der 
p o s to p e ra tiv e n  S p ä tp h ase  eine en tzü n d lich e  R eak tio n  absp ie lt u n d  die A b k a p 
selung  m it der B ildung  einer b ed eu ten d en  B indegew ebem enge e in h erg eh t.

D as P roblem  der G ew ebeverein igung k an n , obwohl im  U aufe d er Z eit 
sow ohl w as die Q u a litä t d er N äh m ate rien , w ie auch  was die N a h tte c h n ik  an b e 
la n g t, große F o rtsc h ritte  zu verzeichnen  sind , auch  h eu te  noch n ic h t als gelöst 
b e tra c h te t  w erden. Die E n td e c k u n g  d e r Z y an o ak rila te  tru g  ansche inend  dazu  
bei, d aß  die G ew ebeverein igung ohne N a h t, d. h . das G ew ebekleben eine zu 
gäng liche  M ethode gew orden ist. H e u te  w ird  b e re its  eine sich  s te ts  e rw eite rn d e  
S kala  d er Z y an o ak rila t-D eriv a te  h e rg e s te llt. In  unseren  V ersuchen  k am  B u ty l- 
2 -zy an o ak rila t — ein u n te r  dem N am en  H isto ac ry l in den H an d e lsv e rk eh r 
g eb rach te s  P ro d u k t der F irm a B R A U N  M elsungen — zur A nw endung . Die 
h isto log ische  U n te rsu ch u n g  der G ew ebek lebungen  versch iedener O rgane h a t  
es b e s tä t ig t ,  daß  sich H isto ac ry l als gew ebefreund liche A rt v e rh ä lt  u n d  la n g 
sam  (im  V erlau f von  5 — 7 M onaten) re so rb ie r t w ird . D ie U m g eb u n g sreak tio n  
des in  d ü n n e r S chich t au fgetragenen  K lebsto ffes is t gering, g en au e r gesag t 
g e rin g er als die der b ish er angew and ten  N äh m a te ria lien , so d aß  auch  die R e p a 
ra tio n sv e rn a rb u n g  verschw indend  k le in  is t.

D ie in  den oben an g efü h rten  M itte ilu n g en  beschriebene D arm an asto m o se- 
O p e ra tio n  ist eine neue , einfache, e tw a  eine 50% ige Z eite rsp arn is  erm ögli
chende M ethode. E in , besonders vom  S ta n d p u n k t der Asepsis aus, w esen tlicher 
V orteil des V erfahrens lieg t darin , d aß  die A nlegung der S e it-zu -S eit-A nasto - 
rnose d u rch  eine k leine Inzisionsö ffnung  geling t, d. h. daß  sich die E rö ffn u n g  
des D arm lum ens a u f  einem  größeren  A b sc h n itt  e rü b rig t.

M it der in den diesbezüglichen A rb e ite n  beschriebenen  T echn ik  k a n n  die 
zu r V erein igung der B lu tg efäß e  d ien en d e  E n d-zu -E nd-A nastom ose  m it der 
K o m b in a tio n  von R ich tu n g sn äh ten  u n d  K leben  angeleg t w erden . Die A nzahl 
der R ich tu n g sn äh te  h ä n g t von versch iedenen  F ak to ren  — M aß der S p an n u n g , 
T y p  d er G efäße, D icke d er G efäßw and, W e ite  der G efäße u n d  in tra v a sk u lä re  
D ru ck v erh ä ltn isse  ab . D er V erschluß d e r lo n g itu d in a len  Inzisionen  k an n  e n t
w eder m it S tü tz n ä h te n  u n d  K leben, o d e r n u r  m it K leben  oder d u rch  A nlegung 
eines V enenflecks bzw . F asziastre ifens le ich t, rasch  u n d  s tr ik tu rf re i  gelöst 
w erden .

B ei U re te ro p era tio n en  sichert das b io logische K leben sow ohl beim  V er
sch lu ß  d er U re te ro tom ien , wie auch be i d e r E nd-zu -E nd-V erein igung  d er U re 
te rs tu m p fe  ein befried igendes R e su lta t. D ie E n tw ick lu n g  der n ach  A nw endung  
d er herköm m lichen  M ethoden  in der p o s to p e ra tiv e n  P hase  a u f tre te n d e n  K o m 
p lik a tio n e n  (N ah tinsuffiz ienz, F is te lb ild u n g , H a rn in filtra tio n ) k an n  d u rch  das 
b io logische K leben verm ied en  w erden . D ie V erein igung der W u n d rä n d e r bei,
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die H arn b la sen w an d  b etreffenden  E ingriffen  (Z ystostom ie , R esektion) lä ß t  
sich  sogar u n te r  u n g ü n stig en  O p e ra tio n sv e rh ä ltn issen  (z. B. C ystitis haem or- 
rh ag ica) durch  k o m b in ie rte  A nw endung von  S tü tz n ä h te n  u n d  K lebstoff, e in 
fach  lösen.

Z u r ch iru rg ischen  V ersorgung d er e x tra h e p a tisch e n  G allengänge h a t  sich 
das biologische K leb en  g u t b ew äh rt; der w esentliche V orteil der M ethode lieg t 
d a rin , daß  die E n tw ick lu n g  von  G allensick eru n g -b ed in g te r p o s to p e ra tiv e r  
P e r ito n itis , G a llen fis te ln  bzw. der V ersch luß  des L um ens der Gänge m it ih re r  
H ilfe  zu verm eiden  is t.

L a u t un se re r E rfah ru n g en  h a t  sich  P la s tu b o l zu r B edeckung der m it N ä h 
te n  vere in ig ten  O pera tio n sw u n d en  vorzüg lich  b e w ä h rt. W ie d a ra u f  die h is to 
log ischen  U n te rsu ch u n g en  hingew iesen h ab en , v e rlau fen  W undheilung  u n d  
K ru sp en b ild u n g  u n te r  der F ilm sch ich t u n g e s tö rt.

Z ur B edeckung  von größeren H a u td e fe k te n , m it N äh ten  n ich t v e re i
n ig b aren  offenen G ew ebeverletzungen  bzw . sek u n d ä r heilenden W u n d en  
k a n n  P la s tu b o l n ic h t oder n u r m it gew issem  V o rb eh a lt em pfohlen w erden . 
B ei der B eh an d lu n g  e itriie r W unden , V erb ren n u n g en  II . und I I I .  G rades 
sow ie H a u tp la s tik e n  is t P lastubo l k o n tra in d iz ie r t. Die gem einsam e A nw en
d u n g  von  W u n d s tre u p u lv e rn  und w und h ed eck en d en  S p ra y -P rä p a ra ten  is t n ic h t 
zw eckm äßig .

Im  Laufe d er E rp ro b u n g  des f ib rin h a ltig en  W u n d streu p u lv e rs  ze ig ten  
die k lin ischen  u n d  histo logischen U n te rsu ch u n g en , d aß  das u n te r dem  N am en  
F ib ro fu rin  in den H an d el g eb rach te  W u n d s tre u p u lv e r (welches in einem  
F ib rin -T h ro m b in -V eh ik e l die an tib a k te rie lle  V erb indung  F u rid in  e n th ä lt)  ü b e r 
m eh re re  v o rte ilh a fte  E igenschaften  v e rfü g t: Es fö rd e rt die rasche E n tw ic k 
lu n g  des die W u n d h ö h le  ausfü llenden  F ib rin n e tzes , besch leun ig t seiner leuko- 
ta k tisc h e n  R eizw irk u n g  zufolge die K ru s te n b ild u n g  u n d  die E n tw ick lung  des 
G ran u la tionsgew ebes , außerdem  sc h ü tz t es die W unde von der In fek tio n  u n d  
fö rd e rt die H eilung  d e r in fiz ierten  W unden .

U nsere h isto log ischen  U n te rsu ch u n g en  e rgaben , d aß  die B iop laste  von  
gew ebefreund licher N a tu r  sind und  v e rh ä ltn ism ä ß ig  rasch  bzw. restlos re so r
b ie r t  w erden. D ie R eso rp tio n  der versch iedenen  P rä p a ra te  — aus dem  B lu t
p la sm a  von M ensch u n d  R ind stam m en d es F ib rin  u n d  A lbum in sowie M uskel
m yosin  — v o llz ieh t sich  u n te r  iden tischen  G ew ebeerscheinungen, am frü h e s te n  
w ird  M yosin re so rb ie r t, sodann das F ib rin  u n d  zu le tz t das A lbum in. R eso rp 
tio n sp ro zeß  u n d  -d a u e r  w erden du rch  die an g ew an d te  P reß technologie  (p lasti- 
fiz ierende M itte l, D ru ck - bzw. T em p era tu rw irk u n g ) n ich t bee in fluß t, von  d e r 
D a u e r der F o rm ald eh y d v o rb eh an d lu n g  ab h än g ig , lä ß t sich aber die R eso rp 
tio n sze it beliebig regu lieren .

Im  R eso rp tio n sp ro zeß  spielen die L eu k o zy ten , vor allem  die n eu tro p h ilen  
G ran u lo zy ten , sowie die sich v e rm eh ren d en  H is tio zy ten  u n d  F ib ro b lasten  eine 
R olle. D er A bb au  u n d  der T ran sp o rt d er a b g e b a u te n  S ubstanzen  ist das E rg eh -
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nis d er fe rm en ta tiv en  (Lyse) u n d  ze llu lären  (Phagozytose) P rozesse. D ie B eg le it
e rscheinung  der R esorp tion  is t die E n tw ick lu n g  der in n e ren  zellreichen  u n d  
ä u ß e ren  faserreichen  R eak tio n szo n en . A nstelle  des re so rb ie rten  B iop lasts  
b le ib t als E rgebn is der R e p a ra tio n  e tw as Bindegew ebe zurück .

Die B iop last-K nöpfe  eignen  sich  zu r V erstä rk u n g  der N ä h te . W ir h ab en  
diese F o rm stü ck e  zum  V erschluß  d er B au ch w an d  von Schw einen, R in d e rn  u n d  
P fe rd en  an g ew an d t; m it H ilfe d e r in  »U«-Form  eingelegten lockernden  N ä h te  
u n d  B iop last-K nöpfe  k o n n ten  au ch  e rw e ite rte  B ru ch p fo rten  versch lossen  w er
den , die m it der k lassischen M ethode , ohne R ezid ivgefahr n ich t zu vere in igen  
gew esen w ären.

Z ur A usfüllung von  W u n d h ö h len  oder irgendeiner an d eren  U rsach e  zu 
folge en stan d en en  H öhlen h a t  sich d e r B ioplast-S chw am m  g u t b e w ä h rt. L a u t 
d er h isto logischen E rgebnisse d rin g en  die M esenchym zellen in  die S chw am m 
s tr u k tu r  ein, u n d  der Schw am m  w ird  in  k u rze r Z eit re so rb ie rt.

Im  Laufe der U n te rsu ch u n g  d er in die M arkhöh le  der R öhren k n o ch en  
an g eb rach ten  »Nägel« k o n n te  fe s tg e s te llt w erden, daß  die den R eso rp tio n sp ro 
zeß beg le itenden  E rscheinungen  d ieselben  sind wie die im  Z u sam m en h an g  m it 
dem  A bb au  der in andere G ew ebe des O rganism us e in g ep flan z ten  B io p laste  
b e o b ach te ten  V orgänge. D ie U n te rsu c h u n g e n  ergaben ferner, d aß  in d er G ew e
b e re a k tio n  der sog. rasch  re so rb ie rb a ren  B ioplaste die Z elle lem ente b e re its  
vom  A nfang  an  eine in tensive  T ä tig k e it  ausüben , w ährend  im das sog. lan g 
sam  resorb ierende B iop last u m g eb en d en  A ngio-F ibroblastgew ebe die F a se r
b ild u n g  in den V orderg rund  t r i t t ,  so d aß  zu B eginn eine b indegew ebige D em ar
k a tio n  e n ts te h t. Dies b e d e u te t, d aß  es eine längere Zeit in A nsp ruch  n im m t, bis 
die S u b stan z  der langsam  reso rb ie ren d en  B ioplaste  d u rch  die G ew ebesäfte  u n d  
die L eukozy ten  in einen, zu r R e so rp tio n  geeigneten Z u stan d  g eb rach t w ird .

D ie B iop laste  lösen im  O rg an ism us, als n a tü rlich e  E iw eiße eine im m u n o 
logische R eak tio n  aus. L a u t u n se re r experim en tellen  R e su lta te  e n th a lte n  die 
k e in e r vorangehenden  W ärm eb eh an d lu n g  un terw orfenen  B io p la s tp rä p a ra te  
die einzelnen A n tig en -D e te rm in an ten  des F ibrinm olekels in  einem  Z u s ta n d , der 
es erm ö g lich t, daß  sie im  a rtf re m d e n  O rganism us eine A n tik ö rp e rp ro d u k tio n  
auslösen . W ie d a ra u f  die U n te rsu c h u n g e n  hingew iesen h ab en , m eld e t sich 
diese W irkung  an läß lich  der A n w en d u n g  w ärm ebehandelte r B io p la s te  n ic h t.
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It w as dem onstrated in a previous paper (K e m é n y  et al., 1966), w ith the aid of 3H , 
that the rate o f b iosynthesis o f  corticosteroids in  the adrenal cortex of the dom estic fowl showed  
significant differences according to age. The rates o f incorporation of 3H -pregnenolon as pre
cursor into  corticosterone were as follow: 4.1 (day-old  chicken), 3.0 (adult cock), 1.5 (laying  
hen) per cent, respectively. The result of this in vitro experim ent indicated that the adrenals 
of the laying hen utilized considerably less labelled  pregnenolon than those of chicken or cock. 
W hat appears to be the m ost likely explanation o f the observed differences is that the b iosyn
thesis o f corticosteroids is inhibited during the laying cycle. The inhibition m ay be caused ei
ther by the decreased activ ity  o f enzymes responsible for synthesis or by the inadequate pro
duction o f precursor. The la tter  assumption is supported by the findings of several authors 
(L a sk o w s k i, 1935; H osoda  et ah, 1955; M c I n d o e , 1959; Mu k h e b je e  and B h o s e , 1968). 
These authors dem onstrated th at ostradiol inh ib ited  the hepatic biosynthesis o f cholesterol. 
On the other hand, the sam e hormone stim ulated  the synthesis o f a special phospholipopro- 
tein, nam ed serum vitellin , in the liver.

As a s tep  to w ard  th e  u n d e rs ta n d in g  of th e  m echan ism , fu r th e r  e x p e ri
m en ts w ere carried  o u t to  answ er th e  q u es tio n , w h e th e r is th e re  an y  change in 
co rtica l cholestero l level as well as p la sm a  co rticosterone  co n cen tra tio n  w hen  
v ite llin  ap p ears  in th e  sera  of lay ing  h en s . T he cholestero l an d  co rtico ste ro n e  
values w ere com pared  to  those of n o n -lay in g  hens an d  day-o ld  chickens.

M aterials a n d  m ethods

A n im a ls

T he in v estig a tio n s were carried o u t  on fo rty -five  5 to  7-day-old  ch ickens, 
six  p u lle ts  aged 4 m o n th s , two a d u lt cocks an d  n in e teen  hens of 2 years  o ld . 
N ine o f th e  19 were lay in g . A t the  t im e  o f in v es tig a tio n , an  egg w ith  calcified  
shell w as p resen t in  th e  u te rus an d  th e  ovaries h ad  m a tu re  follicles in la rg e  
q u a n tity .

Collection and prepara tion  o f  samples

T h e b ird s  w ere sacrificed  by  th e  severance  of th e  cerv ical blood vessels 
and  hep arin ized  blood sam ples were co llec ted . A fter c en trifu g a tio n , th e  b lood  
p lasm a w as used for horm one assay . Since a t  th e  accu ra te  d e te rm in a tio n  of
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co rtico ste ro n e  a t  le a s t 10 — 20 m l of p la sm a  is needed, th e  b lood  sam ples o f 
15 — 155 to  7-day-o ld  chickens were m ixed  an d  th e  horm one level was m easu red  
from  th is  pool. C onsequen tly , each v a lu e  in  th is  age group rep resen ted  th e  m ean  
o f 15 chickens. T he co rticoste rone  c o n c e n tra tio n  in th e  p lasm a o f o lder b ird s  
w as dete rm in ed  in d iv id u a lly . A fter e x te rm in a tio n , th e  ad rena ls were rem o v ed , 
w eighed  and  hom ogenized  w ith  know n vo lu m e o f 0.9 per cen t saline, th e n  cen 
tr ifu g e d  a t  2000 r. T he su p e rn a ta n t w as u sed  for th e  d e te rm in a tio n  o f ch o leste 
rol co n cen tra tio n .

A na ly tica l procedure

T he co rticoste rone  w as e x tra c te d  from  plasm a b y  th e  m eth o d  o f B u s h  

(1961) an d  th e  té tra z o liu m  blue reac tio n  w as perform ed accord ing  to  th e  d e 
sc rip tio n  o f C h e n  e t al. (1963). The o p tic a l d en sity  of fo rm azan  developed  w as 
re a d  in Spectrom om  360 ty p . p h o to m e te r  a t  560 m/i.

T he a liquo ts o f s u p e rn a ta n t w ere a ssay ed  for cholestero l as described  b y  
B o u t w e l l  (1964). T he co lorim etric  m e th o d  m easures th e  to ta l  (free -(- es te ri-  
fied ) cholestero l co n cen tra tio n .

Serum  v ite llin  was de term ined  b y  th e  serological te s t  of H o s o d a  e t a l. 
(1955). A du lt r a b b it  w as im m unized  w ith  th e  p lasm a o f lay ing  hen : 1 m l o f 
p la sm a  w as ad d ed  to  e q u a l volum e of F re u d  a d ju v a n t an d  th is  m ix tu re  w as 
in je c te d  su b cu tan eo u sly  in ra b b it ev ery  sev en th  d ay  for 4 w eeks. On th e  2 8 th  
d a y , th e  ra b b it  w as e x te rm in a te d  an d  th e  im m une serum  o b ta in ed  w as m ixed  
w ith  1 : 10 d ilu ted  sera  o f  cocks, lay ing  a n d  non-lay ing  hens.

F o r th e  d e te rm in a tio n  of serum  p ro te in s , e lec tro p h o re tic  analyses w ere 
c a rr ie d  o u t in ac ry l-am id e  gels by  th e  m e th o d  of O r n s t e i n  (1964) an d  D a v i s  

(1964).
T he d a ta  w ere e v a lu a ted  for s ta tis t ic a l  significance by  co n v en tio n a l 

m e th o d s  (“ i te s t” ).

R esults

T ab le  I  p resen ts  th e  d a ta  of p lasm a corticosterone  co n cen tra tio n s. T h e  
h ig h e s t levels were found  in young ch ickens. Low er values were observed  in th e  
p la sm a  of pu lle ts  aged  4 m o n th s. T he c o n cen tra tio n  of p lasm a co rtico ste ro n e  
in n o n -lay in g  hens was a b o u t on e-th ird , in lay in g  hens ab o u t one-fifth  th a n  th a t  
o f  y o u n g  chickens. T he d ifferences acco rd in g  to  age are  s ta tis tic a lly  s ig n ifican t
(P  <  0.01).

Since it  is know n th a t  th e  cholestero l is th e  p recu rso r of co rtico ste ro id s , 
th e  changes of cho lestero l c o n cen tra tio n  w ere also m easured  in  th e  ad ren a ls . 
T h e  re su lts  show n in T ab le  I I  in d ica te  t h a t  no differences were observed  b e 
tw e e n  th e  cholesterol levels in ad renals o f y o u n g  chickens an d  non-lay ing  hens.
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Table I

Changes in plasma corticosterone concentration  of dom estic fowl according to age

5 to 7-day-old 
chicken Pullet Non-laying hen Laying hen

Corticosterone (/xg per 100 ml of plasma)

18.0* 9.2 5.1 4.4

15.0* 8.0 4.4 4.6

13.0* 10.7 5.0 4.6

8.2 5.8 1.2

14.0 5.9 2.8

8.5 6.2 1.3

6.0 2.6

6.3 3.0

6.8

5.8

Mean dz S.E. 15.0 9.7 ± 0 .9 3 5.7 ±0 .24 3.1 ± 0 .4 8

* The value was determ ined from the m ixed  blood samples of 15—15 chickens.

Table II

Cholesterol concentration of adrenal glands in 5 to 7-day-old  
chickens, non-laying and laying hens

Chicken Non-laying hen Laying hen

Cholesterol (mg per 100 irg of wet tissue)

1.8 0.9 0.6

2.4 1.6 0.5

1.5 1.8 0.7
1.3 1.2 0.7

2.0 2.1 1.2

1.5 2.4 1.3
1.4 1.0 1.1

1.5 2.2 0.8

0.8

Mean i  S .E .

1.7 ±0 .12 1.6 ± 0 .2 0 0.8 ± 0 .03

In  c o n tra s t , th e  cho lestero l c o n cen tra tio n  w as s ig n ifican tly  (P  <  « .01) low er 
in lay in g  hens th a n  th a t  e ith er in y o ung  ch ickens or non-lay ing  hens.

A serological te s t  was used for d e te c tin g  th e  presence of serum  v ite llin . 
T here  w as no a g g lu tin a tio n  observed w h en  th e  sera of cocks or non-lay ing  hens
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ß- lipoprotein fraction

Intense staining

Moderate staining 

Light staining

Fig. 1. Acryl-am id gel electrophoretic pattern o f  serum proteins a, N on-laying hen; b L ay
ing hen; c, Cock

w ere m ixed w ith  th e  im m une sera. In  c o n tra s t , in  case of lay ing  hens a h ig h ly  
p o sitiv e  ( +  +  + )  v ite llin  response w as fo u n d , in d ica tin g  th e  presence o f se ru m  
v ite llin  during  o v iposition .

F igure 1 show s th e  resu lt o f th e  acry l-am ide  gel e lectrophoresis o f sera  
o b ta in ed . I t  can  be seen th a t  th e re  w as a n  increase in  th e  /З-globulin reg ion  o f  
th e  laying hens co m p ared  to  th a t  o f n o n -lay in g  hens an d  cocks. This o b se rv a 
tio n  also confirm s th e  presence of se ru m  v ite llin  in  th e  ac tiv e ly  lay in g  fow l, 
since v ite llin  is re la te d  to  the  /З-lip o p ro te in  frac tion .

D iscussion

Our earlie r f in d in g  th a t  th e  ra te  o f in co rp o ra tio n  o f p recu rso r is h ig h e s t in  
th e  ad renal c o rtex  o f day-o ld  chickens (K emény e t a l., 1966) has been c o n firm 
ed in  th is  s tu d y  b y  m easuring  th e  d a ta  o f  c ircu la tin g  corticosterone . T h e  e le 
v a te d  co rtico ste ro n e  level in th e  p lasm a  o f young  chickens in d ica ted  a v e ry  
a c tiv e  horm one sy n th es is . By ad v an c in g  age, a g rad u a l decrease in  th e  p la sm a  
co rticosterone  c o n c e n tra tio n  could be observ ed . On th e  o th e r h an d , w ith  th e  
excep tion  of th e  lay in g  hen, no changes w ere de tec ted  in  cholesterol c o n te n t o f  
ad ren a ls  acco rd ing  to  age. The m ean  levels o f cholesterol in young ch ick en s 
a n d  non-lay ing  hens (1.6 —1.7 mg, 100 m g o f w et tissue) seem  to  be su ffic ien t 
to  sa tisfy  an  a d e q u a te  ra te  of horm one sy n th es is . I t  is m ost likely  th a t  th e  re la 
tiv e ly  low cho leste ro l co n ten t in  a d re n a l co rtex  of th e  lay ing  hen m ay  h a v e  
c o n tr ib u te d  to  th e  decreased ra te  o f ho rm one  synthesis.

P ioneer s tu d ie s  b y  Laskowski (1935) have  show n th a t  th e  serum  o f th e  
lay ing  hen is ch a rac te rized  by  the  p resence  of p h o sphopro te in , nam ed  se ru m
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v ite llin , because o f th e  sim ilarity  o f i ts  chem ical p ro p erties  to  th e  ovo -v ite llin . 
L a te r  i t  has been d em o n stra ted  by  H osoda e t al. (1955) th a t  th e  sera  o f chicks 
tre a te d  w ith  d ie thy ls tilb o estro l also co n ta in  serum  v ite llin . McI ndoe (1959) 
an a ly zed  b y  e lec trophoretic  m ethod  th e  sera o f  lay ing  hens an d  chicks in je c te d  
w ith  oestrogens. In  b o th  sera a s ig n if ican t rise  in th e  /1-lipoprotein fra c tio n  was 
observed . This frac tio n  which co n ta in s  serum  v ite llin  is ch a rac te rized  b y  a re la 
tiv e ly  low  cholestero l and  very  h ig h  tr ig ly ce rid e  c o n ten t. Mukherjee  an d  
Bhose (1968) re p o rte d  th a t  th e  r a te  o f cho lestero l b iosyn thesis in  th e  liv e r 
decreased  a fte r  o estrad io l tre a tm e n t. I t  w as d e m o n s tra te d  th a t  th e  site  o f th is  
a c tio n  w as th e  decreased  conversion o f  a c e ta te  to  m evalonic acid , an  im p o r ta n t  
in te rm e d ia te  of cho lestero l b io sy n th esis . I t  seem s probab le  th a t  th e  increased  
oestrogen  release from  th e  ovaries in  th e  lay in g  hen  (Mathur an d  Common, 
1966) supresses th e  conversion of a c e ta te  to  cho lestero l in th e  a d re n a l g land  
too . Since cholestero l ac ts  as p re c u rso r in  th e  b iosyn thesis o f co rtico ids, its  
red u ced  level in th e  lay ing  hen (0.8 m g/100 mg) is in su ffic ien t to  p ro d u ce  a 
p lasm a co rticosterone  co n cen tra tio n  s im ila r to  th a t  of th e  n o n -lay in g  hen .

T he decreased corticosterone lev e l in  th e  p lasm a of lay ing  hens is an  in d i
c a to r  o f th e  h y p o fu n c tio n  of th e  a d re n a l co rtex . In  th is  cond ition , a decreased  
resis tan ce  to  a v a r ie ty  o f en v iro n m en ta l stresso rs, such as changes o f te m p e ra 
tu re  a n d  h u m id ity , e tc . can be o b se rv ed . J udge e t al. (1968) d e m o n s tra te d  in 
m am m als th a t  th e  an im als w ith  in a d e q u a te  p ro d u c tio n  of cortico ids w ere in 
capab le  of m a in ta in in g  physiological h om eostasis  w hen su b jec ted  to  m ild  
s tre sso rs . Welter e t al. (1967) found  th a t  W h ite  L eghorn  hens w hen  exposed  
to te m p e ra tu re  s tress p roduced  eggs w ith  red u ced  shell th ickness.

SUMMARY

A tota l of 72 dom estic fowls, selected according to age and physiological statu s, were 
studied to  follow  the b iosynthesis of corticoids. The groups o f birds were as follow: 5 to 7-day- 
old chickens, pullets, aged 4 months, adult cocks, non-laying and laying hens. P lasm a corti
costerone, adrenal cholesterol and serum v ite llin  were determined.

It was observed th a t plasma corticosterone concentration gradually decreased b y  ad
vancing age. The lowest levels were found in  the plasm a of laying hens. The concentration of 
cholesterol, precursor of corticosterone, was o f  the sim ilar order and m agnitude in the adrenals 
of different age groups studied . The only excep tion  was the adrenal gland o f the lay in g  hen, 
where the leve l o f cholesterol was about h a lf than th a t o f the other groups (P  <  0.01). The 
presence of a phosphoprotein, named serum v ite llin , was also characteristic o f the laying hens.

The decreased plasm a corticosterone concentration  in laying hens is the ind icator o f  
stress condition. The decreased rate of corticosterone biosynthesis can be explained w ith  the  
reduced level o f precursor cholesterol in the adrenal cortex. It seems probable th a t the inh ib i
tory effect o f oestrogens is responsible for the inadequate cholesterol production in the laying  
hen.
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B1BLI0G RAPHIA

E l l is , P. L e o n a r d : O rth o p ed ic  S u r g e r y  o f  th e  D o g  a n d  C a t. 2nd Edition. B. Saunders 
Company, Philadelphia, London, Toronto, 1971. Bp.

The four parts and eighteen chapters o f th is book cover all aspects relating to the sur
gery of orthopedic disorders. The first part (four chapters) goes over the fundam ental ground, 
dealing w ith  the anatom y o f the skeleton, the norm al course of bone-fracture repair, and the  
m aterials and equipm ent employed in orthopedic operations. The techniques of dressing and  
fixing lim bs, including the various types o f sp lin ts and pins and the manner in which th ey  are 
applied, are discussed n ext, while the part ends w ith a consideration of prostheses o f the fe
moral head and detailed comments on internal and external modes of fixation .

The subject o f the second part (three chapters) is the surgical treatm ent of fractures. 
E specially  ample space is devoted to an account of the different forms of femoral fracture, 
though th is is not to the detrim ent of the coverage on handling of fractures to the pelvis, spine, 
skull and mandibula.

The third part (three chapters) is an account o f luxations. Detailed descriptions are given  
of various techniques o f treating luxation o f the hip, but equal space is devoted to patellar  
luxations and there are plentiful data on luxation s of the mandibula and vertebral spondyles.

The rem aining m iscellany of orthiopedic disorders receives due atten tion  in the final 
part. F irst to be discussed are traumas to so ft tissues th a t are concom itant w ith bone-fracture  
(e. g. lesions of nerves, blood vessels, tendons) and the consequent need to pay appropriate  
surgical a tten tion  to them . A separate chapter review s techniques of lim b and d igit am puta
tion, while the chapter on disorders of the vertebral disks is outstanding and the detailed sy n 
opsis o f hip dysplasia particularly topical. T he last chapters deal w ith osteochondritis, ulnar 
dysplasia, osteochondritis dissecans and osteoarthropathia.

Special m ention should be made o f th e  286 excellently  reproduced illustrations which  
supplem ent the tex t and of the exceedingly usefu l summaries o f literary data closing each  
chapter. The book should prove a valuable addition  to the bookcase of the general veterinary  
surgeon and is an indispensable reference work for all concerned w ith sm all anim al orthopedics.

L. T amás

P in n ig e r , R. S. (ed.): J o n e s 's  A n i m a l  N u r s i n g .  Pergam on Press, O xford—N ew  Y ork— 
Toronto —Syd ney—Braunschweig 1972. 471 pages, 127 illustrations.

The am azing affection of British people tow ards their pets is a m atter o f com mon know 
ledge although a pet population explosion has recently  been noted also in some other countries. 
The love of animals is well reflected in high standard requirem ents regarding the treatm ent of  
animals in  the approved veterinary hospitals throughout the United K ingdom . Some ten  years 
ago, the Council o f the R oyal College of V eterinary Surgeons (RCVS) introduced a schem e for 
the recruitm ent, training and registration o f A nim al Nursing Auxiliaries (A N A ), who would  
be em ployed by veterinary surgeons m ainly in  the sm all animal practice. The AN A  is not allow 
ed to carry out practice o f  veterinary m edicine and surgery but is expected  to do nursing of  
animals under the supervision of a veterinary surgeon or practitioner, to m ake the preparations 
for operations, to assist w ith  anaesthesia, side-room  tests, radiography, etc.

This am plified second edition of a first h igh ly successful work covers the syllabus of  
subjects in  A N A  exam ination courses, thu s it  is regarded as m ost com prehensive tex t and  
reference book for trainees who wish to pass exam inations to qualify for Registered Anim al
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N ursing Auxiliary (R A N A ). The book com bines th e  work of tw enty  distinguished authors. I t  
is divided into ten  chapters covering a fairly wide range of topics on sm all animals, m ainly on 
dogs, cats, cage birds and other small anim al species, in a depth necessary for RANA.

The first chapter of this book on nursing deals w ith the anatom y and physiology stress
ing the relationship and interdependence of these tw o disciplines. The chapter is a fine exam ple  
o f conveying m any inform ations in a nutshell and so enabling the students to understand the  
normal structure and function  of the anim al body.

Chapter two devoted  to principles o f anim al m anagem ent, hygiene and feeding gives 
useful advice on the restraint and handling of sm all anim als, and offers a basic knowledge on 
the housing, nutrition, adm inistration of m edicam ents to patients in the small animal practice. 
A subchapter on genetics and animal breeding is also included; the latter has a rather aca
dem ic scope.

The third chapter discusses the first aid. The treatm ent of haemorrhage, wounds frac
tures, dislocations, sprains, strains, loss o f consciousness, poisoning, etc. are covered in this 
section.

Chapter four presents a guide line how to run a diagnostic laboratory and describes d i
agnostic aids, m ethods o f simple routine laboratory tests on the blood, urine and faecal sam 
ples. U nfortunately, the quality of the few m icrophotographs included in this chapter are not 
up to the general h igh standard of other illustrations.

In the next three m ost extensive chapters, the theory and practice o f medical (Chapter 
5), surgical (Chapter 6), and obstetrical as well as paediatric nursing (Chapter 7) is dealt w ith. 
In addition to som e more general subchapters, such as dispensing, adm inistration of various 
m edicines, anaesthesia, general care of in -patien ts, post-operative and post-partum  a ctiv ity , 
etc ., an extensive cover is given to the specific duties of R A N A  in cases of m ost com mon dis
eases or other conditions. All necessary instructions are incorporated in the tex t well represent
ing the advance in sm all anim al practice, still the  com pendium  does not go beyond the needs 
o f the auxiliaries.

The eighth chapter is concerned w ith radiography. Although the adjustm ent of the X -  
ray apparatus and the exposure of the film  is u sually  carried out by the veterinary surgeons, 
the nursing sta ff m ay be called on to assist in th is work, to process the exposed film  and later  
to care and file the radiographs. How to do th is work efficiently is described in this chapter.

In the ninth chapter, the legal position o f R A N A  under the Veterinary Surgeons A ct 
o f 1966 is sum m arized, and chapter ten gives a short cover to the veterinary profession, in 
cluding its history, the veterinary training, the veterinary surgery as a career, veterinary hos
pita ls, etc.

For students who m ay wish to get inform ation in a greater depth book references are 
provided at the end o f som e chapters. Though th is book on nursing is com prehensive indeed, 
the reviewer wonders if  it  were worth of consideration to am plify the next edition by adding 
one more chapter on the recognition of the various breeds of species which the auxiliary is 
bound to m eet in the sm all animal practice.

The book is a storehouse of valuable practical inform ations for A N A  trainees, and m ay  
also be useful for veterinary students attending the practice. As a reference book, it m ay be of  
interest for postgraduate veterinary surgeons, a lthough it is unlikely the practising veterinary  
surgeon who will gain m uch from it. Some selected  chapters may deserve attention of the breed
ers o f small anim als, pet-shop personnel, and owners of kennels and catteries.

I. V arga

H o fm a nn , W. : Entzündliche Erkrankungen des Myokard der Tiere. Ferdinand Enke  
Verlag. Stuttgart, 1971. 176 pages, 69 illustrations. DM 49.80

Myocardial disease is a subject to which veterinary science devoted rather scant a tten 
tion  until quite recen tly , ye t its claims for special interest are considerable, as it is m anifested  
in no small measure as an econom ic problem in m odern anim al husbandry. H ofm ann  has there
fore done us a very valuable service by producing th is exceptionally  absorbing monograph. H is 
work basically falls into  two parts, on the one hand thoroughly covering the literature relating  
to  the incidence o f m yocarditis, and on the other presenting findings from a series of h isto log i
cal investigations on hearts from 250 animals o f 14 species that had died from various causes, 
as well as from experim ents conducted on w hite m ice w ith foot-and-m outh disease and rabies 
viruses to study m yocarditis o f viral origin.

The basis for the detailed descriptions o f the different m yocardial lesions is a well- 
arranged table sum m arizing the various forms of inflam m atory processes in this tissue. As
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classification o f the changes is made for nosological convenience, this means that com prehen
sive pictures can be built up o f m yocarditides o f bacterial, viral, fungal or parasitic causation, 
and also those arising in consequence of toxicosis or allergy or appearing as concom itant phe
nomena. Where H ofm ann  can give an account of his own work in the the course of his m asterly  
summary of the literature, he assesses it in detail against the available evidences and does not 
hesitate to com m it him self to standpoints on disputed questions. He som etim es finds it use
ful and even necessary to include insights that have been gained from human m edicine, so the  
reader also acquires a view  of approaches from the angle o f com parative pathology. Of interest 
in this connection is the particular emphasis laid on the significance of oedema of the hypolem - 
mal cavity , the in terstitial spaces, capillary endothelium  and the cell nucleus in the pathoge
nesis o f virally  caused m yocarditis.

One topic to which H o fm a nn  pays special atten tion  is the elucidation of the nature of 
the muscular nuclei w ith linear arrangement and A nitschkow ’s cells. He convincingly resolves 
the long-debated question of whether A nitschkow ’s cells are of m yogenic or m esenchym ogenic  
origin by arguing that in fact tw o cell forms are concerned. H is conclusion is that the cells in 
muscle fibre correspond to m yocytes w ith altered nuclei, whereas Anitschkow’s cells o f the 
interstitium  are essentially  histiocytes.

This work, w ith its 69 excellent, well-chosen light and electron micrographs, can be 
recomended to anyone involved in pathological research, because no more succinct ye t still 
com prehensive survey of m yocarditis in animals is known to the reviewer.

A. K a rd ev a n
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VARIA

THE FIRST ISSUE OF A NEW QUARTERLY PERIODICAL

W orld  A n im a l  R e v ie w ,

has recently been published by the Food and Agriculture O rganization of the United Nations.
This periodical surveys, review s and reports on the various aspects o f animal production, 

animal health and anim al products (m eat, m ilk and milk products, eggs, wool, etc.) w ith spe
cial reference to developm ents in these spheres in the developing countries. It is believed, there
fore, that the publication o f such a review  will serve a very real purpose in dissem inating  
useful and usable inform ation to those concerned with the livestock  industry in developing  
countries.

W o rld  A nim al R e v ie w  is w ritten primarily for a technical audience, but also for the 
livestock policy maker and the decision taker in the developing countries and for the university  
teacher, research worker, and international expert. The articles w ill be illustrated and will 
normally be about 2500 words in length. In addition there w ill be a few  pages o f news, notes, 
book notices, etc. Three separate editions are available — in E nglish , French and Spanish.

Annual subscription: US $ 3.00 or £ 1.20
Single issue: US $ 1.00 or £.0.40
R ates can be paid in local currencies when orders are placed through the authorized  

sales agents.
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РЕЗЮ М Е

E IM E R IA  M RIGAI SP. N. (E IM E R IID A E : SPOROZOA)
И З A N T E L O PA  CERVICAPRA

Б. П. ПАНДЭ, П. П. С. ЧАУЭН, Б. Б. БАТИЯ и Г. С. APOPA

При изучении содержимого прямой кишки Antelope cervicapra обнаружены харак
терные ооцисты с шапочкой, которые на основании морфологических признаков и харак
тера споруляции, дальше, морфологии ранних гаметоцитов в гистологических срезах 
авторы выделили в новый вид Eim eria m rigai sp. п. Этот вид хорошо отличим от близких 
ему видов из диких Cervidae и B ovidae и домашних жвачных.Это третий вид рода Eim eria, 
описанный из A ntelope cervicapra.

НОВЫЙ РОД И ВИД КРИПТОСПОРИДИДНЫХ КОКЦИДИЙ ИЗ ИНДИИ

Б. П. ПАНДЭ, Б . Б. БАТИЯ и П. П. С. ЧАУЭН

При вскрытии 4-х щенят 13—15-дневного возраста в содержимом прямой кишки, 
соскобах из тощей кишки и срезах той же кишки с участков с гиперимией обнаружены 
ооцисты, напоминающие представителей Cryptosporidium (аспоровые, тетразоичные), 
локализация которых однако была вне клеток. Поскольку типичные ооцисты обнаружива
лись и в мазказ и срезах тех же животных, авторы учли обоснованным выделить для этих 
ооцист новый род H oareosporidium , который на основании вышесказанного отличается от 
рода Cryptosporidium. Описываются разные эндогенные стадии развития этого нового 
вида — H. pellerdyi sp.n.

ИЗУЧЕНИЕ СНАБЖЕННОСТИ ПОГОЛОВЬЕВ ВЕНГЕРСКОГО КРУПНОГО
РОГАТОГО СКОТА МАГНИЕМ

ДЬ. ТЁЛДЕШИ, ДЬ. БАРОЧАИ и И. ХОРВАТ

Изучался общий образец мочи от 8—10 животных из 775 стад крупного рогатого 
скота на содержание магния. Средний показатель магния на государство равнялось 491 
ppm , он же отдельных комитатов — 452 ppm . На основании пробы Диксона среди показа
телей нет с заметной разницей. Нет корреляции в территориальном распределении кислых 
почв и концентрации Mg в моче крупного рогатого скота. Очень строгий нижний предел кон
центрации — 200 ppm  — при повторных исследованиях не обнаружен только в 0,9%-ов 
хозяйств. Из этого можно заключить, что в минеральные кормодобавки для крупного 
рогатого скота не нужно добавлять в условиях Венгрии магния. Очень редко наблюдае
мый весенний недостаток в магнии можно прекратить мероприятиями на месте.
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РОЛЬ PSEUDOMONAS AERUGINOSA В ХРОНИЧЕСКИХ МАСТИТАХ 
АКТИНОМИКОТИЧЕСКОГО ХАРАКТЕРА У КОРОВ

И. САЗАДОШ и И. КАДАШ

За время 4-х лет (1968—1971) среди убойных и вынужденно убитых коров обнару
жено 19 случаев хронического мастита, которые в гистологических срезах показывали 
актиномикотический характер. При одновременном бактериологическом изучении вымян 
(гной абсцессов, стенки абсцессов, соединительная ткань между абсцессами, кажущаяся 
неповрежденной железистая ткань) изолированы чистые культуры Pseudom onas aeru
ginosa.

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ВЕНГЕРСКИХ И ЗАРУБЕЖНЫХ ОСОБОГО 
СЕРОТИПА РОЖИСТЫХ ШТАММОВ

ДЬ. КУЧЕРА

Автором проведено сравнительное серологическое изучение 20 зарубежных и 25 
венгерских типовых рожистых штаммов при помощи пробы двойной агар-жель-диффузии 
и преципитации при использовании автоклавированного антигена.

Данные изучения показали, что в типизации штаммов Erysipelothrix rhusiopathiae  
из разных уголков мира, имеется не малая путаница: оказывается, что штаммы той же 
метки отличаются серотипом, или штаммы, по-разному обозначенные, одного серотипа. Так, 
штаммы Муразе, отмеченные как С, D не соответствуют штаммам С, D Хойнера, но тож
дественны с штаммами II. (J) и I. (1) Кастро и с штаммами L, М Кучера.Штамм Муразе Е не 
соответствует штамму Е Кучера, но дает перекрестную реакцию со штаммом Н Ювалд. 
Штаммы Муразе F и Кучера 0 представляют один серотип, подобно Кастро III (К) и Ку
чера I.

Обоснованным является отличать следующие изученные серотипы: А, В (Дедье); 
А.,, В2, С, D (Хойнер); Р (Трущински); Е, G, J, К и без метки (Кучера).

Кроме этого автор изолировал из миндалин здоровой свиньи рожистый штамм 
нового серотипа, отличающийся от известных серотипов.

Ради прекращения этой путаницы назрело время унификации серологического 
типового обозначения рожистых штаммов. Учитывая последовательность описания от
дельных серотипов (если это возможно), автор рекомендует отличать их не буквами, а 
арабскими цифрами пока от 1 до 15. Отличие штаммов того же серотипа в антигенной 
структуре рекомендуется отмечать малыми буквами. Серологическую принадлежность 
рожистых штаммов, не обладающих типово-специфическим антигеном и, таким образом, не 
вызывающих образования антител в кролике даже против себя, согласно предложению 
можно бы и в дальнейшем обозначать буквой N. Эта система обозначения рожистых серо
типов обеспечивает удобную регистрацию для новых, в будущем обнаруженных серотипов.

Согласно сказанному серологическая типизация бациллов рожи свиней показывает 
следующую картину: тип la  =  А360 (А, Дедье); тип lb =  EW 2 (А 2, Хойнер); тип 2а =  
В4 (В, Дедье); тип 2b =  N F4 (В2, Хойнер); тип 3 =  Витлинг (С, Хойнер); тип 4 =  
Доггершабе (D, Хойнер); тип 5 =  Р — 190 (С, Муразе); тип 6 =  P-32 (D , Муразе); тип 7 =  
Р-43 (Е , Муразе); тип 8 =  P-92 (F, Муразе); тип 9 =  kaparék (Е , Кучера); тип 10 =  Р 
(Р, Трущиньски); тип 11 =  =  IV 12/8 (G, Кучера); тип 12 =  4 PR  (S4). (II I  или К, 
Кастро); тип 13 =  Pécs-56 (J , Кучера); тип 14 =  Iszap-4 (К, Кучера); тип 15 Pécs-3596 
(без метки, Кучера).

ПРОСТОЙ, ТАК НАЗЫВАЕМЫЙ МИКРОТЕСТ ДЛЯ ВЫЯВЛЕНИЯ 
ВИРУСНЕЙТРАЛИЗИРУЮЩИХ АНТИТЕЛ И ОПРЕДЕЛЕНИЯ ЗНАЧЕНИЯ ТИТРА

ВИРУСОВ

КИШАРИ Я. и БАРТА А.

Авторами разработан очень быстрый и дешевый микрометод выявления вирус- 
нейтрализирующих антител на пластмассовой пластинке Такачи. Однослойные тканевые 
культуры в U-образных выемках пластинки оказались удобными для культивации виру
сов и оценки вирусом вызванных цитопатогенных изменений при помощи инвертного 
микроскопа. При помощи микрометода при малой затрате труда и средств можно опреде
лить содержание антител в очень большом количестве образцов крови.
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ОБНАРУЖИВАЕМОСТЬ ВИРУСА ИНФЛЮЭНЦЫ А СРЕДИ УТОК ВЕНГРИИ 
(Типы 3, 4 и 6 вируса птичьей инфлюэнцы)

Я. ТАНИ

Из уток восточной Венгрии изолировано 5 штаммов вируса птичьей инфлюэнцы: два 
из утят, три из взрослых птиц вне сезона кладки. У утят наблюдались респираторные симп
томы, а при вскрытии наблюдались фибринозное воспаление воздухоносных мешков, серо- 
зит и синузит. Среди взрослых уток симптомы наблюдались только спорадически.

Изолированных пять штамма принадлежат к трем серологическим типам:

Тип 3—4 Duck (Hungary) 2/70
Duck (Hungary) 71

Тип 4 Duck (Hungary) 3/70
Duck (Hungary) 4/70

Тип 6 Duck (Hungary) 7/70

Штамм типа 6 содержит нейраминидазный компонент, идентичный таковому вируса 
человечьей инфлюэнцы типа А2.

Экспериментами по заражению доказано, что к вдум среди пяти штаммов воспри
имчивы цыплята, молодые цесарки и индюшата, но заражение и клиническое проявле
ние болезни зависит не только от вида птицы, а от наличия специальных предрасполагаю
щих факторов, в первую очередь от условий кормления и содержания.

ПОЛИМОРФИЗМ БЕТА-ЛАКТОГЛОБУЛИНА И ИММУНОГЛОБУЛИНА МОЛОКА
ЖЕНЩИНЫ

И. ХОРВАТ, П. ШОШ и МАРИЯ КАРДОШ

Электрофорезом на крахмальном желе авторами изучался полиморфизм бета- 
глобулина и иммуноглобулинов молока женщины. Белки отождествились согласно Шеферу 
(1951) и Загер (1959). В бета-лактоглобулине кроме двух гомозиготных полос (А и В) 
выявлена и комбинация AB. Предполагают, что существует вариант С, но поскольку это 
редкий вариант, в относительно небольшом количестве образцов молока его не обнаружили. 
Выявлен и полиморфизм иммуноглобулинов. Три, разной скоростью поступающие гомо
зиготы обозначены буквами А, В и С; кроме этих обнаружены еще две гетерозиготные — 
АС и ВС — комбинации. Комбинация AB не обнаружена.

Расшифровка генетического фона полиморфизма изученных белков — из-за невоз
можности одновременного изучения образцов молока материнских—дочерних пар — огра
ничивалась на сравнение с подобным полиморфизмом белков молока коровы.

ИЗМЕНЕНИЯ СТЕНОК КРОВЕНОСНЫХ СОСУДОВ МОЗГА СВИНЬИ, 
СОПРОВОЖДАЮЩИЕСЯ КЛИНИЧЕСКИМИ СИМПТОМАМИ 

(ЦЕРЕБРОСПИНАЛЬНАЯ АНГИОПАТИЯ ХАРДИНГА)

А. СЕКИ и И. САБО

В центральной нервной системе племенных свиноматок и 8—12-месячных откор
мочных свиней авторами обнаружены изменения стенки сосудов, напоминающие peri- 
arteriitis nodosa, которые сопровождались клиническими признаками. Заболевание 
регистрировалось спорадически, но в некоторых пологовьях за время 2—16 месяцев все- 
таки обусловливали значительный отход (8—49) взрослых свиней. Болезнь после несколь- 
кондевного или'недельного течения при постепенном обострении признаков или переходном 
улучшении состояния заканчивалась обычно гибелью или вынужденным убоем живот
ного.

Это изменение стенки сосудов центральной нервной системы авторы включают в 
группу коллагенных заболеваний и их истосчником считают острое воспаление на аллерги 
ческом фоне.
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Изменения характеризуются фибринозной, клеточной инфильтрацией стенки сосу
дов, фибриноидным перерождением и некрозом интимы и медии, повреждением или распа
дом эластических волокон или хроническими склеротическими процессами. Алтеративные 
изменения стенки сосудов часто сопровождаются тромбозом, сужением или закупоркой 
просвета. Обычно повреждаются малые артериолы и мышечного типа артерии. Нет опре
деленной локализации изменений; они обнаруживаются в первую очередь в артериях 
лептоменинкса головного и спинного мозгов, в головном мозгу и реже в спинном мозгу. 
Кроме этого изменения обнаруживаются в продолговатом мозгу, в мосту, в среднем мозгу, 
перед хиазмой и после нее, обычно у основания мозга.

При тяжелых случаях в окресности изменившихся сосудов наблюдаются разной 
степени регрессивные изменения нервных клеток, прорежение ткани мозга, на территории 
corpus s t r ia tu m  и cap su la  in te rn a  и e x te rn a  имеется отек, появляются полости, наполнен
ные серозной или студенистой массой. Процессы в мозгу иногда сопровождаются серозной 
или клеточной инфильтрацией мягкой мозговой оболочки.

Аорта и кровеносные сосуды других органов (селезенки, печени, почек и сердца) 
изученных свиней подобных изменений не показывали.

ИЗУЧЕНИЕ ТОКСИЧЕСКОГО ЭФФЕКТА ЭНТЕРОКОККОВЫХ ШТАММОВ, 
ВЫЗЫВАЮЩИХ АЛИМЕНТАРНОЕ ОТРАВЛЕНИЕ

Ш. ПУСТАИ, Ф. ВЕТЕШИ и Р.-нэ ХОХ

Спорной является роль стрептококков серологической группы D в этиологии али
ментарных отравлений. В раньших экспериментах авторы наблюдали токсическое дей
ствие одной части энтерококковых штаммов, изолированных без отбора из разных видов 
пищевых продуктов, при внутрибрюшном введении экспериментальным мышам. В настоя
щей работе изучалось токсическое действие энтерококковых штаммов на мышах, изолиро
ванных в случаях алиментарных отравлений.

Среди 19 стрептококковых штаммов D, вводившихся внутрибрюшно мышам, только 
два происходили из таких случаев, когда патогенные микробы удалось изолировать как из 
мышцы, так и из желудочной полоскательной жидкости больного. Среди 19 штаммов, 
употреблявшихся для прививки, гистологически патогенность доказана только у 4-х 
стрептококковых штаммов D; печеночные клетки экспериментальных мышей показывали 
регрессивные изменения.

13 стрептококковых штаммов D вызывали то слабое, то тяжелое заболевание, иногда 
даже гибель среди экспериментальных мышей, но не вызывали изменений, указывающих на 
токсический эффект; 2 штамма были непатогенными для мышей.

На основании своих результатов авторы подчеркивают, что при подозрении на 
отравление энтерококками — если это возможно — необходимо определить биохими
ческие свойства и тип фага как из пищи, так и из конзумента изолированных стрептокок
ковых штаммов. Это обосновано уже и потому, ибо микробы Str. faecalis и faec iu m  часто 
обнаруживаются вместе в пробах, но алиментарное отравление вызывает обычно Str. 
faecalis.

ПРОБЛЕМЫ АЛЛОПЛАСТИКИ

К. ШОМОДЬВАРИ

Определяется понятие аллопластики, группируются современные аллопласти- 
ческие материалы, обсуждаются факторы, тормозящие широкое распространение метал
лических аллопластических веществ и выгодные свойства пластмасс. Приводятся требо
вания, предъявляемые к «тканедружным» материалам.

Собственные и в соавторстве выполненные исследования охватывают данные 
экспериментов на 430 экспериментальных и 200 животных, лечившихся на клинике. 
В суммарном резюмировании данных исследований указывается на свойства швейных 
нитей из полиэстера и благоприятные гистологические результаты при употреблении ма
шинных швов из танталовых скобок. Приводится опыт употребления гистоакрилового 
тканевого склеивающего материала при операциях на желудке, кишках, кровеносных 
сосудах, мочеполовых сосудах, желчном проходе. Оценивается возможность применения
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в ветеринарной хирургии образующего фильм материала — Пластубола. Приводятся 
полезные свойства фибрин содержащих дустов на раны. Обсуждаются данные исследова
ний по поведению и рассасыванию в тканях. Наконец дискутируется об антигенных 
свойствах биопластов.

ИЗМЕНЕНИЯ КОНЦЕНТРАЦИИ КОРТИКОСТЕРОНА В ПЛАЗМЕ И ЕГО 
ВЗАИМОСВЯЗЬ С ОБРАЗОВАНИЕМ ВИТЕЛЛИНА В СЫВОРОТКЕ НЕСУШЕК

МАРИЯ КОЗМА и А. КЕМЕНЬ

На 72 головах куры домашней, подобранных согласно весу и физиологическому 
состоянию, изучалась последовательность биосинтеза кортикоидов. Животных разбили 
наследующие группы: цыплята 5—7-дневного возраста, молодняк 4-месячного возраста, 
взрослые петухи и кладущие и некладующие несушки. Определялись: сывороточный кор- 
тикостерон, холестерол надпочников и сывороточный вителлин.

Обнаружено, что концентрация кортикостерона в сыворотке с возрастом постепенно 
уменьшается. Наименьше кортикостерона выявлено в сыворотке кладущих несушек. 
Концентрация холестерола в надпочечниках, предшественника кортикостерона, в разных 
возрастных группах показывала подобный характер изменения. Исключением явились 
только надпочечники кладущих несушек, где уровень холестерола не превышал даже 
половины его уровня других групп (Р <  0,01). Наличие одного фосфорпротеина, именуемо
го сывороточным вителлином, было тоже характерным у кладущих несушек.

Понижение концентрации кортизона в сыворотке кладущих несушек является 
показателем стрессного состояния. Падение темпа в биосинтезе кортикостерона можно 
объяснить понижением уровня его предшественника — холестерола — в коре надпочеч
ников. Не исключено, что ответственным за несоответственную продукцию холестерола у 
несушек является тормозящий эффект эстрогенов.
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THE GUT BACTERIAL FLORA 
OF HEALTHY EARLY WEANED PIGLETS,

WITH SPECIAL REGARD 
TO FACTORS INFLUENCING ITS COMPOSITION

B y

F. K o v á c s , В. N a g y  and G. S i n k o v i c s

In s t i tu te  of A nim al H ygiene (H ead : Prof. F . K ovács),
U n iv e rsity  of V e te rin a ry  Science, B u d ap es t

(R eceived N o vem ber 18, 1971)

M any stu d ies  hav e  been m ade of th e  m od ifications in th e  in te s tin a l flo ra  o f young  
pigs b ro u g h t a b o u t b y  c e rta in  facto rs, an d  above all b y  early  w eaning , a p rac tice  th a t  is now 
becom ing w idely  a d o p te d  (e.g. So yk a , L lo y d  a n d  Sw e e n e y , 1960; Sm it h , 1961, 1965; T add  
a n d  H u r s t , 1961; P e s t i , 1962a,b; K en w o r t h y  an d  Cr a b b , 1963).

Similar exam ina tions  have been conducted  in this in s t i tu te ,  th o u g h  we 
h ave  chosen to  p u rsu e  the  a lte ra tions of  th e  gu t flora  in early-w eaned , clinic
ally hea l th y ,  ra th e r  th a n  in diseased anim als, in order to  fill th e  gaps in our 
knowledge a b o u t  th e i r  re la tion  to  w ean ing  a t  d ifferent ages.

M aterial and  methods

The l i t te rs  farrow ed  by  five Large W h ite  sows from a b reed er  he rd  were 
observed u n t i l  th e  piglets reached 54 days of age. A to ta l  of 36 of  th e  piglets 
were killed for com plete  bacterio logical assay  of  th e  in te s t in a l  t r a c t .  Three 
of  the  five sows (A— C) were rem oved  for farrow ing to  th e  c lim atic  cham bers  
o f  th e  in s t i tu te ,  in  which an o p tim a l room  te m p e ra tu re  of  16— 18 °C an d  a 
re la t ive  h u m id i ty  of  7 0 —80%  were prov ided . In  the  creep, th e  te m p e ra tu re  
was ra ised  to  2 6 —32 °C and a ir  flow m a in ta in e d  a t  0 .1—0.2 m/sec u n t i l  
w eaning . A fte r  w eaning , the  in frared  lam ps were no longer used, an d  the 
anim als were k e p t  a t  a room  te m p e ra tu re  of 2 4 —26 °C, w i th  a re la tive  
h u m id i ty  of  6 0 — 75% . Air qua l i ty  was sa t is fac to ry  th ro u g h o u t  th e  experi
m en ta l  period.

The offspring of  th e  rem ain ing  tw o sows (D, E ), a to ta l  of 18 piglets, 
were farrowed a n d  reared  on the farm , a t  a farrowing pen  te m p e ra tu re  of 10 — 
15 °C, a re la tive  h u m id i ty  of 8 5 —90 %  and  exposed to  a h igher  air flow th a n  
was p e rm it ted  in th e  climatic cham bers ,  viz. un d er  essentia lly  poorer  env iron 
m en ta l  conditions th a n  th e  f irs t  th ree  groups.

Piglets of l i t te rs  A, В and C were w eaned a t  th e  ages of  14, 21 and  
28 days, respec tive ly ,  th e  fa rm -reared  piglets a t  21 an d  28 days. Animals of
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328 KOVÁCS et al.

all groups were th e re a f te r  fed the  sam e bacterio logically  checked pig s ta r te r  
fo rm u la  (P H Y L A X IA ) .  No p rop h y lac t ic  or th e ra p e u t ic  m edication  was a d m in 
is te red  during the  ex p e r im e n ta l  period.

The sequence o f  e x te rm in a t io n s  for bacterio logical s tu d y  is shown in 
T ab le  I. (Animals m a rk e d  w ith  con trac ted  E. coli infections during  th e
exp e r im en t  and th e  obse rv a t io n s  m ad e  on th em  are n o t  considered here; th e  
changes in the ir  in te s t in a l  f lora  co rresponded  b road ly  w ith  those described 
elsewhere in the  l i te ra tu re ) .  The an im als  were s tu n n ed  and  killed by  bleeding, 
th e n  following a b d o m in a l  incision th e i r  s tom ach  and in tes t ines  were rem oved 
u n d e r  conditions of  surgical s teril i ty .  Before th e  bowels were excised, b o th  
ends  as well as th e  c e n t re  of th e  s to m ach  were l iga ted  to  sep a ra te  the  card iac  
a n d  pyloric regions.

Table I

E x p erim en ta l arrangem en t

Groups
Age of 

weaning 
(days)

Age of exterminated pigs (days)

A 14 10 13 15 18 24 44

C lim atic В 21 17 20 22 25 31 44
cham bers c 28 24 27 29 32 34 44

D 21 17 20 22* 25* 28* 31 34 36 39 44
Farm

E 28 24 27 29 32 34 36* 40* 44*

Samples of g a s tro - in te s t in a l  con ten ts ,  collected so as to  con ta in  a b o u t  
o n e -q u a r te r  m ucosal scrapings, were tak en  from  the  card iac  and  pyloric 
regions of the s to m a c h ,  d uodenum , je ju n u m , an te r io r  and  posterior  ileum, 
caecum , colon and re c tu m ,  and  im m ed ia te ly  t ran sfe rred  to  ap p ro p r ia te  b a c 
terio logical m edia; p H  was de te rm in ed  w ith  a C a lm ann— G rah n e r t  (Dresden) 
MV-11 electric p H -m e te r .  One gram  of each sam ple was g round  in 9 ml Mitsou- 
k a  buffer (M i t s o u k a , 1965), th e  suspension d ilu ted  in serial tenfold s teps and 
0.1 ml from each d i lu t io n  s tep  was inocula ted  in to  th e  d ifferent media . The 
m ed ia  used, the  t im es  and  conditions of incuba tion , and  th e  p r im arv  isolates 
o b ta in ed  are su m m ar ized  in Table  I I .  Anaerobic  cu ltu r ing  conditions were 
fu rn ished  in glass ja r s ,  u ti l iz ing  N a O H  and  pyrogallol, following th e  techn ique  
o f  P elzar (1957). R ead ings  of cu ltu res  were com plem ented  by  microscopic 
e x a m ir ;  ion and , occasionally  b y  fu r th e r  culturing.

Numerical d a t a  for b ac te r ia l  counts  are p resen ted  as a r i th m etic  m eans 
ca lcu la ted  from th e  base  10 logar i thm s of th e  coun ts  o f  each com ponen t.  
S ta t is t ica l  analyses o f  th e  correla tion  betw een  b ac te r ia l  counts  and th e  d if
fe ren t  factors were checked by  S tu d e n t ’s t- tes t .
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Table II

The cu ltu re  m edia, p rim arily  iso lated  bac teria  and in cu b a tio n  m ethods

Culture media Isolated bacteria
Incubation’s

condition temp. tim

N u trien t agar A erobic sporeform ing aerobic 37 °C 48 h

N u trien t blood agar h aem oly tic  coli aerobic 37 °C 48 h

C rystalv io let-lactose brom - 
thym olb lue agar coliform s aerobic 37 °C 24 h

E d w a rd ’s agar (m odified  by  
N y ir e d y , Szabó 1968) D streptococci aerobic 37 °C 48 h

AGAT m edium  (R a ib a u d  
e t al. 1961) D streptococci aerobic 37 °C 48 h

T om ato  juice agar lactobacilli aerobic 37 °C 48 h

SA m edium  (by T a k á c s  1968) 
inocu lated  w ith  h e a t trea tm e n t 
sam ples (a t 80 °C; 10')

spores o f c lostridia anaerobic 39 °C 72 h

SA m edium  w ith  1000 у /ml 
D-cycloserine ta r t r a te  (FŰZI et 
al. 1968)

clostrid ia  (vegetative  
form s)

anaerobic 39 °C 72 h

KCM agar ( F u l l e r  — L e v , 1964) bactero ides, c lostridia anaerobic 37 °C 4 days

Results

Though the  s tom ach  l iga tion  techn ique  p e rm it ted  s e p a ra te  sam pling of 
th e  pyloric and  card iac  regions, th e  results  p resen ted  in T ab le  I I I  reveal no 
signif icant differences betw een  th e  b ac te r ia l  f lora  and  p H  in th e  two areas. 
I t  should be n o ted ,  however, t h a t  th e  var iance  coefficients were fairly h igh

Table III

B acterial flo ra  in th e  oesophageal 
and pyloric  p a rts  of th e  stom ach

log 10/g Stomach I Stomach II

Lactobacilli 7 .7 4 7 .1 8

Streptococci 5 .9 3 5 .4 4

Coliforms 2 .9 6 2 .3 9

Clostridia 3 .03 3 .0 6

Clostridium spores 2 .75 2 .5 0

Aerobic sporeformers 4 .4 0 4 .4 6

pH 4 .18 3 .8 5

1* Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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(fc =  3 —30%). Since th e  flora  com p o n en ts  had  orig inally  been expec ted  to 
differ considerably, especially  w i th  reg a rd  to  coun ts  a t  d ifferent p H s ,  an 
a t t e m p t  was m ade to  iden tify  w h e th e r ,  am ong the  60 sam ples  available , there  
w as  an y  indication  o f  an  association o f  pa r t icu la r  b a c te r ia l  f lo ra  compositions 
w ith  pH s (Fig. 1). T h e  h is tog ram s indeed  suggest a clear inh ib i to ry  effect on 
coliforms in the  p H  ran g e  0 .5—2.5, h u t  such conditions were only encoun tered  
in  six  instances. In  m o s t  cases (36 sam ples)  the  p H  lay  be tw een  2.5 and  5.4. 
T h e re  was a less m a rk e d  effect o f  low gas tr ic  p H  on s trep tococc i,  b u t  th e  count

F ig .  1. B acteria l flo ra  o f th e  sto m ach  a t  d iffe re n t p H  ranges. 1, lac to b ac illi; 2, s trep to co cc i: 
3 , coliform s; 4, v e g e ta tiv e  cells of c lo s trid ia ; 5, spores of c lo s trid ia ; 6, aerobic sp o refo rm ers

bac teria ; n , n u m b er of sam ples

o f  ac id - to le ran t  lac tobac ill i  h a rd ly  va r ied  and th e  co un ts  o f  aerobic an d  an 
aerob ic  spore-formers b eh av ed  i r regu la r ly  a t d ifferent pH s .

In  four cases, th e  volum e o f  gastr ic  con ten ts  was v e ry  low; average 
b a c te r ia l  counts ca lcu la ted  from e igh t  samples were:

lactobacilli =  6.32; s trep tococci =  5.15;
coliforms =  3.20; c lostrid ia  =  2.20;

sporogenic  aerobes =  4.00 (pH  5.02)

T h u s  lactobacillus a n d  c lostr id ium  coun ts  were low ered w i th  respect to  th e  
m e a n  values p resen ted  in Table  I I I ,  while the  p H  was s ign if ican tly  above 
average .

The experim en ts  were so designed  th a t  th e  effect o f  tim e of weaning 
on th e  gut flora could  be es tab lished . Nevertheless, i t  was found t h a t  where 
all piglets of a g roup rem ain ed  h e a l th y  in the  w eaning  period, as was th e  case 
w i th  all bu t l i t te r  D , no significant d isplacem ents  could he de tec ted  in the
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re la tive  proportions of  th e  different flora  com ponen ts ;  ind iv idual var ia t ions  
of th e  flora composition  were m in im al and no t genera lly  characteris tic  of th e  
piglets s tudied . I t  appea rs ,  therefore , t h a t  th e  b ac te r ia l  f lora  com ponents  
inves t iga ted  do no t  re f lec t  a t  all th e  radical d ie ta ry  change undergone a t  
weaning.

A lthough  th e  gas tr ic  con ten ts  o f  farm- and  ch am b er-rea red  piglets con
t ra s te d  in m acroscopic appearance ,  th e  form er be ing  greenish-grey w ith  an 
ad m ix tu re  of l i t te r  s t raw , th e  la t te r  consisting pu re ly  o f  gra in  meal, the re  were 
no s ta t is t ica l ly  verif iable  differences a t  th e  microscopic level.

Sm all intestine

The bacteria l  coun ts  de te rm ined  in lum inal co n ten ts  ta k e n  from the d u o 
denum , je ju n u m  and  th e  tw o segm ents of th e  ileum  are  shown in Tab le  IV. 
The ten dency  th e y  d isp lay  to  rise nearer  the  large in te s t in e  is especially con-

ТаЫ е IV

Bacterial flora of the small intestine

log 10/g Duodenum Jejunum Ileum I Ileum II

Lactobacilli 6.87 6.98 7.65 8.18

Streptococci 5.13 5.48 6.68 7.42

Coliforms 3.41 3.81 5.50 6.32

Clostridia 1.53 1.37 3.00 4.22

Clostridium spores 1.00 0.69 2.09 2.44

Aerobic sporeformers 4.00 3.18 4.63 5.22

Bacteroides — — 1.45 2.12

pH 6.13 5.86 6.80 7.00

spicuous in th e  ileum, th e  proxim al and dista l po r t io n s  of  which differed 
considerably in respect o f  th e  f lo ra  com position. The fullness, p H  and b ac te r ia l  
popu la t ion  of the  ileum p roved  to  he more s tab le  co m p ared  to  those in more 
p roxim al segments o f  th e  small in testine.

Comparison of gas tr ic  and  duodenal d a ta  reveals  an inh ib ito ry  effect of 
th e  duodenal juice on those  b ac te r ia l  types which resis t  th e  selective effect 
of th e  lower s tom ach  p H .  Thus , the  reduction  of lac tobac illus  count am ong  
others, is clearly due to  th e  shift of th e  pH  in the  a lkaline  direction. The m ost 
typ ica l a l tera tion , how ever, was the  m arked  fall in c lostrid ial  counts; ce rta in  
au tho rs  have a t t r ib u te d  th is  to  the  inh ib ito ry  in fluence  o f  th e  bile acid salts ,  
o thers  to  the  com bined effect of lipids and  th e  rap id  passage  of in testina l con
ten ts  ( F u l l e r  and M o o r e , 1967). Clostridial g row th  inh ib it ion  affected chiefly
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th e  vegeta tive  form s, th e  absence of  which is characteris tic  for th is  pa r t icu la r  
in te s t in a l  segm ent. I n  th e  d is ta l  segm ents  of th e  small in te s t in e ,  th e  count 
o f  t h e  vegeta tive  form s rose d is t inc t ly ,  while t h a t  of spores m o d e ra te ly ,  which 
suggests  th a t  c lo s tr id ia  m u lt ip ly  ac t ive ly  lower down th e  d igestive t r a c t  
( S i n k o v i c s , 1971).

Asporogenic anaerobes  ( Bacteroides) were also iso la ted  from  caudal 
sm all- in tes t ina l  segm en ts ,  h u t  only  sporad ica lly  and in re la t iv e ly  low num bers .

The collective term  Bacteroides designates those G ram -negative, chiefly  coccoid organ
ism s which form dewdrop-like colonies w ith  little , i f  any, haem olytic a c tiv ity  on the RCM- 
m edium  described by F u l l e r  and L ev  (1964) and incubated under anaerobic conditions for

Fig. 2. Bacterial flora o f em pty and filled jejunal portions

4 days at 37 °C. U sing th is m ethod, F u l l e r  and L ev  and Sm ith  and Cr a bb  (1961) classified  
m o st such organisms as B acteroidaceae, a few  as Veilonella. Bacteroides occur chiefly in the 
large intestine and several authors regard them  as the dom inant com ponents of its flora. 
A ccording to the literary data, apart from polym orphous forms, rod shapes predom inate in 
adu lt swine; in piglets we found principally coccoid forms, in accordance w ith the observa
tio n s of K en w o rth y  and Crabb (1963), who regard the coccoid shape as dom inant up to 
40 days of age.

Changes in th e  sm all- in tes t ina l  b ac te r ia l  f lora  were m o s t  m ark ed  in the  
j e ju n a l  portion, w here  th e y  depended  principally  on the  fullness of  th e  lum en. 
I n  th o se  segments w h ich  were e m p ty  or con ta ined  very  l i t t le  chym e —  so th a t  
sam p le  m ateria l  consis ted  for th e  m ost  p a r t  of a small a m o u n t  of  m ucus  along 
w i th  dead epithelia l cells scraped  off th e  m ucosa — th e  b a c te r ia l  popu la t ion  
w as  usually  low . In  p roperly  filled segm ents , however, th e re  was a numerical 
increase  of all ex am in ed  b ac te r ia l  com ponen ts ,  and above all coliforms, bu t 
w i th o u t  any s ign if ican t  a l te ra t ion  of  p H  (Fig. 2). This accords well w ith  the  
o ld  medical experience, t h a t  indigestion  of  bacteria l  origin can be favourab ly  
in f luenced  simply b y  fasting. U n b u rd en in g  o f the  gas tro - in tes t ina l  t r a c t  during 
th e  weaning period p roved  to  be a useful m easure also in our earlier piglet 
s tu d ie s  ( B i r ó  et al., 1968).
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Comparison of th e  pre- and post-w ean ing  b ac te r ia l  f lora in th e  small 
in te s t ine  revealed on ly  m inor nu m erica l  changes w i th o u t  any  effect on the 
ra t io s  of  the com ponen ts  to  one an o th e r .  Occasionally  th e  strep tococcal count 
in the  je ju n u m  and a n te r io r  ileum fell af ter  w eaning, reach ing  the  degree of 
significance (p =  1% ) in th e  case o f  l i t te rs  В and  C. T he  small in tes t ina l  pH 
was likewise no t  n o ta b ly  affected b y  w eaning.

More obvious were th e  d isparit ies  betw een th e  sm all in tes t ina l  f lora  of 
piglets reared u n d e r  un like  en v iro n m en ta l  conditions. P ig lets  reared  on the 
farm  (viz. under less favourab le  hyg ien ic  conditions) carried  a significantly  
h igher  (p =  5% ) coliform popu la t ion  in  all segm ents  ex cep t  the  je ju n u m , in

Small intestine Large intestine

CD 2 O
Fig. 3. Intestinal flora o f suckling pigs in clim atic chambers and in farrowing houses. 1, lacto- 

bacilli; 2, streptococci; 3, eoliforms; 1, clim atic chambers; 2, farrowing houses

which, as already n o ted ,  th e  bacteria l  f lo ra  was in fluenced  chiefly  b y  the  full
ness of th e  lumen. Also clostridial c o u n ts  were generally , a lthough  no t  s ignif
ican tly ,  higher.

In  the  a t te m p t  to  iden tify  an en v iro n m en ta l  in fluence , the m ain  com 
ponen ts  of small- and  la rge-in testina l f lo ra  were ex am in ed  during  the  lac ta t in g  
period, viz. as long as th e  principal n o u r ish m e n t  o f  th e  piglets  was th e  sow’s 
milk. T he  results are sum m arized  in F ig .  3. As can be seen, the re  were s tr ik ing  
d isparit ies  no t fully explicab le  by a change  of num erica l re la tions,  a lready  prior 
to  the  stress imposed b y  weaning. T h e  cha rac ter is t ic  lactobacillus s t r e p to 
coccus coliform ra t io  of  th e  norm al f lo ra  was m odified  m ark ed ly  in th e  two 
env ironm en ts :  in fa rm -rea red  piglets th e  coliform c o u n t  exceeded th a t  of 
s trep tococci in b o th  sm all  an d  large in te s t in e .  I t  should  be  em phasized  again 
t h a t  none of the  an im als  included in th is  s tu d y  showed sy m ptom s of illness 
p rio r  to  weaning, a n d  even  a f te rw ard s  only few of th e  fa rm -reared  piglets
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deve loped  oedema disease. P ig le ts  in the  clim atic  cham bers ,  w h ich  were of  th e  
s a m e  breed and ra ised  accord ing  to  th e  same m an ag em en t  techno logy , exh ib ited  
no clinical disease th ro u g h o u t .

Large intestine

The counts o f  f lo ra l  co m ponen ts  found in samples from  th e  caecum , 
m esocolon and re c tu m  (Table У) d em o n s tra te  t h a t  differences be tw een  seg
m e n ts  here were less p ro n o u n ced  t h a n  in the  small in testine . T h e  small f luc tua -

Table V

Bacterial flora of the large intestine

log 10/g Caecum Colon Rectum

Lactobacilli 8.26 8.41 8.52

Streptococci 7.81 7.98 7.91

Coliforms 7.05 7.19 7.03

Clostridia 5.27 5.33 5.83

Clostridium spores 3.18 3.46 3.58

Aerobic sporeformers 4.44 5.42 5.54

Bacteroides 5.36 6.44 5.41

pH 6.22 6.56 6.81

t io n s  in bacterial p o p u la t io n  along each segm ent also suggest a g rea te r  s tab i l i ty  
o f  th e  flora th an  in th e  small in te s t in e .  As th e  large in te s t in e  was always u n i 
fo rm ly  filled, no com parison  could be m ade betw een  th e  bac te r ia l  co n ten ts  
o f  e m p ty  and full segm ents .  H ere  again the  flora  did no t  n o ta b ly  a l te r  on 
w ean ing , bu t  m a rk e d  differences were found  in re la tion  to  en v iro n m en ta l  
conditions.  Piglets k e p t  on th e  fa rm  u n d e r  conventional cond it ions  of  w in te r  
re a r in g  (litters D a n d  F) possessed s ignificantly  (p =  5 % )  h igher  coliform 
c o u n ts  in the  large in te s t in e  t h a n  those  k e p t  in th e  climatic ch am bers .  S ta t is t ica l  
ana lys is  of the  s trep tococcal ,  lac tobac il la r  and  clostridial coun ts  revealed  an  
occasional ten dency  of th e  la t t e r  to  rise. The p ractica lly  iden tica l  composition  
o f  th e  flora in th e  an te r io r  an d  posterior  segm ents of th e  large  in te s t ine  in d i
c a te s  t h a t  the  faecal bac te r ia l  p o p u la t io n  is a lready  estab lished , b y  and  large, 
in  th e  caecum, as suggested  earlier b y  P e s t i  (1962). The m e a n  co u n t  of asporo- 
genic  anaerobes is low  com pared  w ith  figures given in th e  l i te ra tu re ,  b u t  th is  
m a y  have been a consequence  of  th e  cu ltu r ing  techn ique  a d o p ted .
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D iscu ssion

The bacterio logical s ta tu s  of th e  s to m ach  and  sm all and  large in tes t ines  
are s trongly  co n tra s ted ,  as would be expec ted  from th e  a n a to m ica l  and  p h y s io 
logical distinctness of  these  func tiona l  un its .  The differences be tw een  segm ents  
d em o n s tra ted  in th is  s tu d y  are, on th e  whole, in good ag reem en t  w ith  those  
rep o r ted  in the  l i te ra tu re ,  b u t  still f ind ings for cer ta in  segm ents  deserve m ore 
deta iled  discussion.

Originally, i t  h a d  been expec ted  t h a t  th e  gas tr ic  py lo rus  and  card ia  
w ould devia te  n o ta b ly  w ith  regard to  b o th  b ac te r ia l  f lo ra  and  p H ,  in view

Fig. 4. Bacterial flora of alim entary tract in healthy young pigs. Sx, stom ach (oesophagic  
part); S.,, stom ach (pyloric part); D, duodenum; J, jejunum ; Ij, ileum  (upper part); I 2, ileum
(lower part); C, caecum ; C0, colon; R, rectum ; .............  lactobacilli; ............  streptococci;

c o lifo r m s ;------- ---------- • — — clostridia; — ■ — • — • — • — bacteroides

of the ir  functional separa teness .  H ow ever,  it  t u rn e d  o u t  t h a t  any  differences 
were no t  s ign if ican t s ta t is t ica l ly  —  as indeed evidence from  recen t  physio 
logical studies on th e  gastric  func tion  o f  swine would  suggest ( H o l l e r , 1970).

Among th e  fou r  sm all- in tes t ina l  segm ents  s tud ied ,  th e  d u o d en u m  con
ta ined  reduced n u m b ers  of all floral com ponen ts ,  a p a r t  from coliforms, com 
pared to the  s tom ach : a p p a ren t ly ,  th e  inh ib i to ry  fac tors  ope ra t ive  in the  duo 
den u m  affect coliform organisms th e  least .  Coliform coun ts  in fac t  tended  to 
rise posteriorly  from  th e  gastric  py lorus,  w hereas lac tobac illa r,  s trep tococcal 
and  —  especially —  clostridial coun ts  te n d e d  to  fall (Fig. 4). T here  is reason 
to  suppose th a t  th e  in te rac t ion  of th e  selective forces o p e ra t ive  in th e  digestive 
t r a c t  of the  h e a l th y  pig is an im p o r ta n t  fac tor  in p ro tec t in g  aga ins t  E. coli 
infection and gas tro -en te r i t is  due to  Clostridium perfringens  C.
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Bacteria l co un ts  au gm en ted  som ew ha t in the  p o s t- je juna l  segm ents of 
t h e  in testine, and a l re a d y  in the  te rm in a l  portion  of  th e  ileum  th e  lac tobacillus-  
s trep tococcus-co lifo rm  ra t io  reached  th e  value generally  cha rac ter is t ic  o f  th e  
la rge  intestine. T he  fa ir ly  s teady  num erica l  increase o f  th e  b ac te r ia l  com 
p o n e n ts  studied c o n t in u e d  up to  th e  caecum , and  th e  b a lance  es tab lished  the re  
re m a in e d  p rac tica lly  un ch an g ed  a long  th e  rem ain ing  len g th  o f  the  large 
in te s t in e .

I t  seems, neverthe less ,  t h a t  specific in te rn a l  or e x te rn a l  fac to rs  can affect 
th e  characteris tic  com posit ion  of th e  in testina l f lora  in cer ta in  segments.

The selective in h ib i to ry  effect o f  gastric  p H  was n o t  generally  m a n i
fe s te d ,  because in t h e  p revailing  p H  range (2 .5—4.5), coliform counts  still 
Teached 102—10:i/g .T h e  low pH  (0 .5—2.5) m easured in a few ins tances ,  though , 
u n d o u b te d ly  suppressed  coliform g row th . No p H -re la te d  change of bac te r ia l  
f lo r a  could be d e tec ted  in  the small a n d  large in testines .

A s ta tis tica lly  sign if ican t re la tionsh ip  betw een  th e  fullness of the  gut 
a n d  th e  bacterial f lo ra  could only be d e m o n s tra te d  in th e  small in testine  
{Fig. 2). In je ju n a l  segm ents  filled w ith  chyme, coliform coun ts  were th ree  
ex p o n en ts  higher t h a n  in e m p ty  po rt ions  a t  a p rac t ica l ly  iden tica l  p H ; for 
b a c te r ia  other t h a n  coliforms lhis difference did n o t  exceed 0 .5 —1.0 expo
n e n ts .

W eaning, be ing  a critical physiological period for th e  piglet, is often 
accom pan ied  by  an  a b r u p t  m u lt ip l ica t ion  of  E . coli in th e  digestive t r a c t ,  
r e su l t in g  in oedem a disease. O f  th e  piglets we in v es t ig a ted ,  six developed 
o ed em a  disease a f te r  w eaning  and  w ould  p robab ly  h ave  died h a d  th ey  no t been 
killed  for experim en ta l  purposes. T h e  bacteriological e x am in a t io n  of the  in 
t e s t i n a l  t rac t  of these  animals revea led  th e  well-known a l te ra t io n s  c h a ra c te r 
i s t ic  o f  oedema disease.

W here no E .  co/i-infection occurred  a f te r  w eaning , e i the r  am ong th e  
e x te rm in a te d  piglets  o r  among th e i r  l i t te r -m a tes ,  w ean ing  h a d  no no tab le  
in f lu en ce  on the b a c te r ia l  flora. T h e  counts  o f  th e  various com ponen ts  and  
t h e i r  relative p ro p o r t io n s  alike rem ain ed  prac tica l ly  unm odified . Minor changes 
o n ly ,  consisting of  a s ign if ican t decline in s trep tococcal coun ts ,  were recorded 
in  tw o  segments o f  th e  small in te s t ine  o f  piglets rea red  in th e  c lim atic  cham ber  
a n d  weaned at 21 or 28 days of age (litters  В and  C). Considering the  dras tic  
d ie ta r y  switch ensu ing  upon  w ean ing  and  the  associa ted  s tress, however, it  
c a n n o t  be excluded t h a t  o ther a l te ra t io n s  did tak e  place, a ffecting  e i ther  only 
c e r t a in  types of th e  b ac te r ia l  g roups exam ined , or possibly ty p e s  and  groups 
n o t  s tud ied  at all.

The d ispar i ty  be tw een  env iro n m en ta l  conditions was clearly  th e  sole 
f a c to r  whose effect could  be followed up  consis ten tly  in all ex am in ed  segm ents 
o f  th e  gut. The b ac te r ia l  popu la tions  in th e  small and  large in tes t ines  of  piglets 
r e a r e d  in conventional and  controlled  env ironm en t c o n tra s ted  a lready  during
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lac ta t ion  (Fig. 3). The lac tobac il lus-s trep tococcus-co liform  ra t io  was genera lly  
no rm a l  for ch am ber-reared  piglets, w hereas  in fa rm -reared  age-m ates  i t  show ed 
a sh if t  in favour  of  th e  coliforms. In  l i t te r  D and  la te r  in l i t te r  E  th e  ou tcom e 
of th is  was oedem a disease sh o r t ly  a f te r  weaning.

T he  un favourab le  effect of poo r  en v ironm en ta l  conditions on the  d iges
tive t r a c t  can be seen m ost clearly from  Fig. 5. A m ong fa rm -reared  piglets all 
sm all- in tes t ina l  segm ents except th e  je ju n u m  con ta ined  s ign if ican tly  la rger  
p o pu la t ions  of  coliforms th an  th e  sm all in testine  of the ir  age m a te s  reared  in 
c lim atic  cham bers . Consideration of  th e  know n fac tors  suggests t h a t  th e  h igher  
coliform counts  are  due not only to  an increased in take  of b ac te r ia  from  a less

Fig. 5. Coliform bacteria in the alim entary tract o f pigs in clim atic chambers and in farrow
ing houses. ------  farrowing houses; - - - ------- clim atic chambers

hygienic  env ironm en t,  b u t  also to  a w eakening  of th e  various in te s t in a l  b a c 
te r io s ta t ic  effects. T he  fact t h a t  exclusively  fa rm -reared  pigs becam e diseased, 
underlines  the  im por tance  of en v iro n m en ta l  influences on th e  g u t  and , it  is 
hoped , will s t im u la te  investiga tions in to  the  jo in t  effect of in te rn a l  and  ex 
te rn a l  milieu.

SUM M ARY

The gastric and intestinal bacterial floras of healthy piglets of five Large W hite sows 
were exam ined before and after early w eaning at 14, 21 or 28 days of age. P ig lets o f three 
litters were farrowed and reared in clim atic chambers, while those of the rem aining two 
litters on the farm, under conventional conditions of m anagem ent.

The pH and bacterial flora did not differ significantly in the cardiac and pyloric parts 
o f the stom ach. Conditions in the duodenum  had a marked inhibitory effect on all exam ined  
bacterial com ponents except coliforms, suppressing especially clostridial growth. Bacterial 
counts rose gradually in the more posterior segm ents of the sm all intestine, and in the term inal 
portion of the ileum  they  approximated the values characteristic of the large in testine. B ac
teriological status and pH were essentially sim ilar along the caecum , m esocolon and rectum .
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Inhibition of eoliform  growth by a low gastric pH (1 .5— 2.5) was clearly demonstrable 
in a few  cases, but the usual pH range (2.5 —4.5) had no noticeable effect. No pH -related  
alterations of bacterial flora could be detected in the more posterior segm ents. The fullness 
of the jejunum  was found to  be positively correlated w ith  the bacterial population: the 
greater the amount of chym e, the higher the num ber of bacteria, and above all o f coliforms.

W eaning in  itse lf did not notably affect the bacterial flora of either stom ach or in
testines. Environm ental conditions, however, had a dem onstrable influence on the bacterio
logical status of all exam in ed  segments. Farm-reared piglets carried a significantly larger 
eoliform  population in b o th  sm all and large intestine than their age-mates reared in clim atic 

cham bers and exhibited an irregular lactobacillus—streptococcus—eoliform ratio already during 
lactation.
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V er g e  and Cr isto fo r o n i (1928) were the first to suggest the causative agent of feline 
panleucopenia is a filtrable virus, but its precise nature remained uncertain until J ohnson  
(1964) isolated it in feline kidney epithelial cell culture. Form erly several viruses had been 
held responsible for the causation of panleucopenia, until J o h n so n ’s isolate (which he him self 
regarded as an adeno- or papovavirus) was classified as a parvovirus by the Temporary 
Committee for Nom enclature in 1970. This classification was based on the physical and chem 
ical properties of the agent and on the electron microscopic determ ination of the virion 
diam eter (25 m^).

It should be m entioned that J ohnson  and Margolis (1967) observed a relationship 
between feline ataxia, a disease originally regarded as congenital, and feline panleucopenia. 
The agent isolated from ataxic cats was found to have the sam e physical and chemical prop
erties as the panleucopenia virus, while the inclusion bodies present in their cerebellum  
corresponded w ith the Cowdry type A intranuclear inclusions occurring in panleucopenia.

Another long-known viral cat disease is feline pneum onitis, described by B a ker  in 
1944. The agent of this disease, which belongs to the Bedsonia ( Miyagawanella)  group, is 
pathogenic for several species, including albino mice, ham sters and guinea pigs, and grows 
well in the chorioallantoic membrane of the chick em bryo; the elem entary bodies produced 
by the virus can be dem onstrated in impression smears o f the membrane.

The recent great progress made in veterinary virology has resulted in independent 
isolations of viruses from feline upper respiratory tract diseases in the U nited States from 
1958 (Cra n d ell  and Ma u r e r , 1958; Cra n d ell  et ah, 1960; Cra n d ell  and Ma d in , 1960; 
Cr a n d e l l  and M il l e r , 1962; P atricia  et al., 1968; S cott et al., 1970a, b) and in Europe 
from 1963 (P ie r c y  and P r y d ie , 1963; B ü r k i, 1965; P r y d ie , 1966). Following these authors, 
it is custom ary to differentiate the herpesvirus-induced infectious feline rhinotracheitis from 
picornavirus infections; though clinically the two diseases are so similar that their diagnostic 
differentiation often rests solely upon virus isolation.

The herpesvirus strain C-27 (FVR-1) isolated by Cr a n d el l  and Ma u r e r  deserves 
special m ention in this respect, because the sym ptom s caused by it led to the recognition  
of the new disease enbity generally known as feline viral rhinotracheitis (FVR).

The first isolations of herpesvirus to be made in H ungary were the strains BK  1/63 
and B K  2/63, recovered from the throat o f two dead cats by H orváth  et al. (1965), who 
regarded the disease in question as infectious rhinotracheitis.

The feline herpes- and picornavirus strains isolated by the various authors have generally 
originated from anim als w ith  clinical or subclinical upper respiratory tract infections. The 
isolates m ostly possessed a m edium  degree of virulence, causing a catarrhal change of the 
upper airways in only a portion of the susceptible cats. It is o f historical interest th at certain  
early isolates from fatal panleucopenia cases were m istaken for the aetiological agent until 
this was properly identified. As feline viral diseases often result from mixed infections, usually 
the fast-growing and intensively  cytopathic picornavirus strains are isolated first. Among 
others B o lin ’s isolate (1957), originally described by him  as a feline panleucopenia virus, 
was later identified as a picornavirus. The agent described by F a st ier  (1957) as kidney-cell 
degenerating virus, was in due course identified as a non-pathogenic picornavirus strain not 
forming intranuclear inclusion bodies.
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S cott et al. (1970) isolated , under sim ilar circum stances a reovirus from  the intestine  
of a ca t that died of panleucopenia. The isolate was a chloroform -resistant, therm ostable  
strain w ith double-stranded R N A  and had a medium degree of virulence for cats.

T h e  growing in te r e s t  in ca ts  as domestic pe ts  in H u n g a ry  p resen ts  th e  
o p p o r tu n i ty  for f r e q u e n t  obse rva tion  of feline u p p e r  re sp ira to ry  disease. As 
u p  to  now only he rp esv iru s  in fections have  been described in th is  coun try ,  
f u r th e r  investigations in to  the  p rob lem  seemed ju s t i f ied ,  all th e  m ore th a t  
a c u te  u p p e r  re sp ira to ry  infections of  ca ts  by  p icornaviruses  have  been  reported  
f ro m  abroad . The p re s e n t  inves t iga t ions  were therefore  a im ed a t  clarifying 
th e  n a tu r e  and role o f  th e  pa thogen ic  feline viruses occurring in H u n g a ry .

M ateria ls  and  methods

Test material. S te r i le  nasal, pha ryngea l ,  co n junc tiva l  an d  rec ta l  swabs 
f rom  diseased cats w ere  each placed  in 2 ml H a n k s ’ solution co n ta in ing  a n t i 
b io t ic  and  an tim yco tic .  T he  swab f lu ids  were cen tr ifuged  a t  5000 r .p .m . for 
30 m in u te s  and 0.2 m l  a liquots o f  s u p e rn a ta n t  were inocu la ted  in to  3 tube  
c u l tu re s  of renal ep ithe l ia l  cells.

Tissue culture. R e n a l  ep ithelia l cells from 6 — 12 weeks old ca ts  were used 
to  se t  up  the tissue cu ltu res .  The cells were collected af te r  d igestion  in PB S 
a n d  H a n k s ’ solution con ta in in g  0 .1— 0.15%  tryps in .  The g row th  m ed ium  was 
a m ix tu re  of H a n k s ’ so lu tion  con ta in in g  15% calf  serum  and 0 .5 %  lac ta lbu-  
m in  hydro lysa te  and  an  equal vo lum e  of bovine am niotic  f lu id ,  to  which 
100 I U  penicillin, 100 meg (pg) s t rep to m y c in  and  100 IU  m y c o s ta t in  were 
a d d e d .

The virus isolates w ere d i lu ted  in serial ten fo ld  steps and  0.2 m l a liquots 
o f  each  dilution in o cu la ted  in to  3 rep lica te  tube  cultu res . T hey  were in cuba ted  
for  1 h o u r  at 37 °C, t h e n  0.2 ml m a in ten an ce  m ed ium  was added  to  each and 
in c u b a t io n  continued. T h e  results  were read  a f te r  1— 7 days. T he  5 0 %  tissue 
c u l tu re  infective dose (T C ID 50) was ca lcu la ted  according to  R e e d  an d  M u e n c h  

(1938). I f  isolation fa iled  in th e  f irs t  passage, up  to  five b lind  passages were 
m a d e  before a neg a t iv e  resu lt  was accepted.

Im m une  serum  w as p repared  in cats w ith  the  s t ra in  M:!. Basic im m u n iz a 
t io n  was carried o u t  b y  su bcu taneous  ad m in is tra t ion  of 5 ml u n d i lu te d  M3 
suspension  reinforced b y  a fu r th e r  15 ml dose one m o n th  la te r .  The ca ts  were 
h ied  o u t  two weeks a f te r  the  second im m unizing  dose and  th e  sera were s tored 
a t  — 20 °C until use.

F o r  virus n eu tra l iz a t io n  te s ts  all sera, inc lud ing  control serum  from 
h e a l th y  cats, were in a c t iv a te d  a t  56 °C for 30 m inu tes .  The te s ts  were usually
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carried  ou t w ith  3 0 —300 T C ID 50/0.2 m l v irus  (Table I I I ) .  H orse a n d  sh eep  
sera  served as se rum  controls and A u je sz k y ’s disease v irus  as th e  v irus  con tro l .  
Serial twofold d i lu t ions  of serum w ere  ad d ed  to  various T C ID 50 doses of  v irus  
(Table I I I )  in equa l  final volume a n d  th e  m ix tu res  were in cuba ted  (in ro l le r  
tu b es  for one h o u r  a t  37 °C). After  in c u b a t io n ,  0.2 ml port ions  of th e  m ix tu r e  
were t ransfe rred  to  3 roller tubes o r  s ta t io n a ry  cultu res .

Exam ination of physical and chem ical properties

T h erm o sen s i t iv i ty  was d e te rm ined  from the  t i t re  reduc tion  of  1 : 10 d i lu 
tions of  the  v irus iso lates after o n e -h o u r  incuba tion  in a w a te r  b a th  a t  50 °C 
Cation s tab il i ty  te s ts  were perform ed b y  th e  m e th o d  of W a l l is  and  M e l n i c k  
(1962).

Sensitiv ity  to  p H  3 was tes ted  acco rd ing  to  P l u m m e r  (1963) in M c l lv a in e  
buffer , a f te r  one -hour  incubation a t  37 °C. Bile sens i t iv i ty  was te s te d  b y  
T h e i l e r ' s m ethod  (1957).

Resistance to  try p s in  was d e te rm in e d  by  t i t r a t in g  m ix tu res  of  eq u a l  
vo lum es of 1 : 10 d i lu ted  virus and  0 .2 5 %  try p s in  solution, a f te r  in cu b a t io n  
for one hour a t  37 °C. Chloroform -sensitiv ity  tes ts  were perfo rm ed  a f te r  
B ö g e l  and Ma y r  (1962) with 50%  a n a ly t ic a l  grade chloroform. V irus-ch lo ro 
form  m ix tu res  were s to red  overn igh t a t  -f-4 °C before t i t ra t io n .  Nucleic ac id  
ty p e  was de te rm ined  by  adding 100 m eg  (pg) 5-iodo-deoxyurid ine ( IU D R )  per  
ml v irus  suspension. The t ry p s in - t r e a te d ,  ch lo ro fo rm -trea ted  a n d  IU D R -  
t r e a te d  m ateria ls  were  diluted in seria l  tenfold  steps, 0.2 ml portions o f  each  
d ilu t ion  were t ra n s fe r re d  to 3 tu b e  c u l tu re s  and  af te r  ap p ro p r ia te  in cu b a t io n  
th e  t i t r e s  were ca lcu la ted  by the  m e th o d  of R e e d  and  M u e n c h .

C ytopa th ic  effects  caused by  th e  isolates were s tud ied  af te r  s ta in in g  th e  
cu ltu res  with h ae in a lau n  and eosin, G iem sa’s stain or f lo x in ta r t raz in e .  O cca
sionally also the  Feu lgen  reaction w as  util ized . The cell m onolayers were fixed 
(in s itu) in Bonin so lu tion , em bedded in  celloidine, and  rem oved  from th e  t u b e  
for exam ina tion  on slides.

R esults

Positive iso lations of virus w ere  m ad e  from nasal,  pha ry n g ea l  or c o n 
ju n c t iv a l  swabs of  12 cats  from a t o t a l  of 53 (22.6% ) b ro u g h t  to  th e  O u t 
p a t ie n t  Clinic of th e  U niversity  of V e te r in a ry  Science during  th e  p a s t  y ea r  
w ith  sym ptom s of u p p e r  resp ira tory  disease. The isolates were des igna ted  b y  
“ M”  (for m acska =  ca t)  plus a serial n u m b e r  in sequence of isolation, i r re 
spec tive  of la te r  ty p in g  results. S tra in s  Mj, M,, and M3 were exam ined  in m e re  
deta il ,  because these  differed from o n e  a n o th e r  in c y to p a th ic  effect and  o th e r  
p roperties .
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O f the  12 isola tes , M,. Mu  an d  M 12 w ere  found  to  belong to  the h e rp es 
v iru s  group, th e  re s t  to  th e  p icornav irus  g roup  (Table I).

Table I

Clinical data on cats from which isolations were made

D esig n a tio n
S y m p to m s

O rigin o f  iso la te G roup
o f  s tra in NC PH c R

o f  v iru s

M , Listlessness, infirm ity, subnormal tem 
perature, no catarrhal sign + herpes

M 2 Sneezing, hoarseness, purulent nasal dis
charge — + — — picorna

M 3 Sneezing, reddening of throat + + + - picorna

M4 Violent sneezing, reddening and purulent 
exudation of conjunctiva, reddening of 
throat 1

+ picorna

Ms Sneezing, reddening and purulent exuda
tion of conjunctiva, reddening of throat — + — — picorna

M „ Vomiting, inappetence, infirm ity, sub
normal temperature — 4 " — — picorna

M - Listlessness, inappetence, sore and red
dened throat — — + — picorna

M 8 Fever, sneezing, dyspnoea + - - - picorna

M 9 Sneezing, serous nasal discharge, reddened 
throat + + — — picorna

M10 Reddening o f conjunctiva, profuse lacrima- 
tion, sneezing, diarrhoea — + — _ picorna

M „ Conjunctival catarrh, serous nasal 
discharge, stertorous respiration — — + herpes

M 12 Salivation, reddened throat, severe dys
pnoea, high fever + - + - herpes

NC, nasal cavity; PH , pharynx; C, conjunctiva; R , rectum

Stra in  Mx was iso la ted  from th e  p h a ry n x  of a ca t p resen ting  no c a ta r rh a l  
sy m p to m s .  The p r im a ry  isolate caused c y to p a th ic  changes in th e  renal cell 
cu l tu re  after 4 d ay s .  In  u n s ta in ed  cu ltu res ,  ro u nd ing  of cells was seen f irs t  
focally , then  over increasing ly  larger areas, u n t i l  th e  com plete  cell layer becam e 
d e ta c h e d  from th e  tu b e  wall. The ro u n d e d  cells were h igh ly  re frac tive  and 
sh a rp ly  co n tras ted  even on direct ex am in a t io n .  In  s ta in ed  p rep a ra t io n s ,  po ly 
ka ry o cy te s  (syncy tia )  and  Cowdry ty p e  A acidophilic  in tran u c lea r  inclusion 
bodies  were observed  (Fig. 1). Inclusions could  a lready  be detec ted  by  d irect 
exam in a t io n  p r io r  to  th e  appearance  o f  th e  cellular changes (Fig. 2). In  su b 
seq u e n t  passages t h e  c y to p a th ic  effect developed  earlier, w ith in  2 4 —48 hours ,  
a n d  was well v isib le  on d irect exam in a t io n .
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S tab i l i ty  tes ts  shew ed th a t  s t r a in  M x was sensitive to  h e a t ,  p H  3, t ry p s in ,  
ch loroform  and  could  no t be s tab il ized  w i th  m agnesium  chloride. T r e a t 
m e n t  w ith  IU D R  for 24 hours re su l te d  in a fall o f  the  v irus t i t r e  to  zero, 
in d ica t ing  a D N A -ty p e  nucleic acid. O n  th e  basis o f  these p ropert ies ,  s t ra in  
M, was classified as a herpesvirus (T ab le  II).

Table II
Titre changes of virus strains M1? M3 and M9 in stability tests

Treatment
Herpesvirus Picornavirus

Mi M,

Titre of untreated virus 6.5* 7.5 3.75

Chloroform 0 5.5 4.5

H eat 1.75 1.5 <  1

H eat +  1 M MgCl, <  0.2 <  0.5 <  1

pH 3 <  2 <  2 <  2

Trypsin <  0.2 3.25 3.25

Sodium deoxycholate <  0.2 2.75 n.t.

IU D R 0/24 8.0/24 4.75/24

hours hours hours

* log 10 TCID5o/0.2 m l; n.t., not tested

E ig h t  stra ins  o f  variab le  p roper t ie s  (M 2, M3 . . . M9) were iso lated  from 
nasal,  ph a ry n g ea l  an d  conjunctival sw ab s  of ca ts  affected w ith  sneezing m u c o 
p u ru le n t  nasa l discharge  and th ro a t  p a in .  The  diseased eats  were from  2 m o n th s  
to  5 y ears  old. The cy topa th ic  effect o f  these  isolates was sim ilar to  t h a t  of 
s t ra in  M, in un s ta in ed  cultures. F irs t ,  single cells becam e rounded  and re f ra c 
tive  u n t i l  b y  2 4 —48 hours the change  invo lved  th e  entire cell p o p u la t io n ,  
resu lting  in d e ta c h m e n t  of the m onolayer  from  the  tu b e  wall. I f  u n d i lu te d  v irus  
suspensions were used for inoculation , th e  cy to p a th ic  change developed  as 
early  as 5 —6 hours. I n  stained p re p a ra t io n s ,  rap id  round ing  of single cells, 
cy top lasm ic  eosinophilia and s im ultaneous  nuc lea r  degenera tion  were seen.

E x a m in a t io n  of  th e  stained cu l tu re s ,  however, revealed certa in  d iffe r
ences be tw een  th e  cy to p a th ic  effects o f  th e  isolates. S tra ins  M 2, M3 . . . M8 
caused a pykno tic  degeneration  and sh r in k in g  of the  nucleus m uch  earlier th a n  
s t ra in  M9; a short-lived prepyknotic  p h a s e  could be clearly observed w i th  th e  
l a t te r  (Fig. 3). Cytoplasm ic  degenera tion  also differed w ith  s tra in  M9, as th is  
p roduced  a granu la t ion  consisting o f  eosinophilic c lum ps of various sizes in 
affec ted  cells (Fig. 3).

S tra in s  M9 and  M ;i were for these  reasons exam ined  in more deta il .  B oth  
s tra in s  were sensitive to  heat t r e a tm e n t  a t  50 °C and  to  p H  3, a n d  n e i th e r
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Fig. 1. Cytopathic change caused by strain M,. Arrows point to polykaryocytes (syn cytia) 
containing Cowdry typ e  A intranuclear inclusion bodies. (H aem atoxylin and eosin, X 640)

Fig. 2. Early appearance of intranuclear inclusion bodies not visible by direct exam ination: 
strain Mx in feline kidney epithelial cell culture. (H aem atoxylin  and eosin, X BOO)
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could be stab ilized  w ith  m agnesium  ch lo rid e . B u t w hile  s tra in  M9 p ro v ed  to  
be re s is ta n t to  ch lo ro fo rm , stra in  M3 co n s is te n tly  show ed a t i t re  decrease b y  
tw o lo g arith m ic  e x p o n en ts  after such  tre a tm e n t. A gain , s tra in  M9 res is ted  
tre a tm e n t w ith  try p s in  an d  sodium  d e o x y ch o la te , w hereas th e  t itre  o f M3 fell 
m a rk ed ly  on b o th  tre a tm e n ts . The tw o  s tra in s  also d iffered  in p a th o g en ic ity :

Table III

Results o f neutralization tests w ith  anti-M 3 cat immune serum  
and normal cat serum

Designation 
of strain

TCID5o/0.2
ml

Titre of
M3 hyperimmune 

serum
TCID50/0.2

ml
Titre

of normal 
serum

M2 50 1 : 80
M3 300 > 1  : 128 30 1 : 16

M, 30 1 : 89

M5 30 1 : 89
M6 30 > 1  : 128

M7 200 > 1  : 128

M8 100 1 : 64

M9 50 1 : 2 30 0

Control Mx 30 0 30 0

2*  Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972

Fig. 3. Nuclear changes caused by strain M9. Arrows point to sem ilunar, eccentric nuclei 
with sharp-contoured nucleolus. (H aem atoxylin  and eosin, X BOO)
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Mg was p a thogen ic ,  M3 only m ild ly  p a th o g en ic  for th e  ca t .  T re a tm e n t  w i th  
I U D R  did no t  a ffec t  th e  pro liferation  g ro w th  of e ither s t ra in ,  ind ica t ing  t h a t  
b o th  of th e m  are RNA -viruses  (Table I I ) .

In  view' o f  th e  dissimilar b e h a v io u r  of these two s tra in s  in res is tance  
te s t s ,  the  non -herpes  isolates were f u r th e r  te s te d  for serological re la t ionsh ip . 
F o r  th is  purpose  a h y p e r im m u n e  se ru m  to  s tra in  M3 was p repa red  in ca ts  a n d  
u sed  for n eu t ra l iz a t io n  tests  w ith  s t ra in s  M 2, M3 . . . M9 in rena l  cell cu l tu re .  
T h e  neu tra l iza t io n  t i t r e s  ob ta ined  (Table I I I )  show th a t  s t ra in  M9 is de f in i te ly  
antigen ica lly  u n re la te d ,  while s tra ins  M 2, M 4 . . . M8 are c learly  re la ted  to  M3. 
T h e  serological ty p e  of  s tra in  M10 has y e t  to  be established.

On the  basis  o f  physical and  chem ica l  p roperties and  cy to p a th ic  effect, 
s tra in s  M3 and  M 9 are regarded  as p icornav iruses ,  p ro b ab ly  of  the  rh in o v iru s  
g roup .

Discussion

A re la tive ly  large n um ber  of pe t  ca ts  are t rea ted  in th e  O u tp a t ie n t  Clinic 
o f  th e  U n ivers i ty  of  V e ter inary  Science, often for re sp ira to ry  diseases. P o s i
t ive  isolations of  v irus  from  the  u p p e r  re sp i ra to ry  t r a c t  were m ade  from  2 2 .6 %  
o f  such p a t ien ts  o f  ages between 2 m o n th s  to  5 years.

Of the  12 isola tes , three were id en t i f ied  as herpesviruses, the  re m a in in g  
n ine  as p icornav iruses .  All th ree  herpes isolates proved  to  be iden tica l w i th  
th e  feline rh in o t ra c h e i t i s  virus orig inally  iso lated  by  Cr a n d e l l  and M a u r e r  
(1958) in the  U n i te d  S ta tes  and earlier in  H u n g a ry  by  H o r v á t h  et al. (1965). 
T h e  picornavirus  s t ra in s  could be d iv ided  in to  two serological subgroups , 
rep resen ted  b y  s t ra in s  M„, M3, . . . M8 a n d  th e  single s t ra in  M9, respectively .

The tw o p ico rnav iru s  stra ins  (M3 a n d  M9) exam ined  up  to  полу in m o re  
deta iled  tests  could  be classified as rh inov iruses  on the  basis of the ir  pH -sensi-  
t iv i ty .  The t i t r e  red u c t io n  observed w i th  s t ra in  M3 on t r e a tm e n t  w ith  ch lo ro 
fo rm  remains to  be  explained, because  p icornaviruses are generally  re s is ta n t  
to  th is  reagen t.  S t ra in  M9 differed from  th e  o ther  p icornav irus  isolates n o t  
o n ly  antigenically , b u t  also in its  re s is tan ce  to  try p s in  a n d  sodium deoxy- 
chola te .  S imilar v a r ia b le  behav iour  o f  ce r ta in  p icornavirus s tra in s  in th e  l a t t e r  
respect has a l re a d y  been reported  b y  P a t r ic ia  et al. (1968). S tra ins  M 3 a n d  
M 9 also c o n tra s te d  to  some ex ten t  in th e i r  cy topa th ic  effects, and  M9 лл as 
d is t in c t ly  p a th o g en ic  for the cat,  ллЬегеав M 3 only m ild ly  so.

The p ic tu res  caused by  feline herpes-  and picornaviruses  can n o t  be  
d is tinguished  from  one ano ther  solely on a clinical and pa tho logical basis, a n d  
th e  only reliable d iagnostic  d iffe ren tia t ion  entails virus iso lation  and n e u t r a l 
iza tion  tests  w ith  se ru m  from th e  diseased anim al. According to  R ö h r e r  e t  al. 
(1968), Cowdry ty p e  A in tranuc lea r  inclusions are only tem p o ra r i ly  p re se n t  
in  the  re sp ira to ry  ep ithelium  of ca ts  suffering from infectious feline rh in o 
trache it is  and  do n o t  appear  at all in ex per im en ta l  infections.
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In  v iew  of th e  findings p re sen ted  here, closer inves tiga tions  in to  th e  
up p e r  r e sp i ra to ry  diseases of ca ts  w ould  seem of value  also in th is  co u n try .
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SUMMARY

Twelve virus strains were isolated from respiratory tract discharges of 12 among 
53 cats (22.6%) treated for catarrhal disease of the upper airways during the last two years. 
Three isolates (strains M,, Mu and M12) were identified as herpesviruses, while the remaining 
nine (M2, M3, . . . .  M10) were tentatively classified as rhinoviruses of the picornavirus groups. 
Strains M3 and M9 were examined in more detail.

Strain M9 differed serologically both from M3 and the seven other picornavirus 
strains tested. It also differed from M3 in respect of cytopathic effect and did not show the 
latter’s sensitivity to treatment with trypsin, sodium deoxycholate and chloroform.

Of the three strains tested for pathogenicity M, and M9 proved distinctly pathogenic 
for the cat, while M3 was only mildly pathogenic.
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The acute form of Marek’s disease, first differentiated from the classical one by B iggs 
et al. in 1965, is now recognized as a serious problem in several countries. Many reports 
(B ig g s , 1966, 1967; B iggs and P a y n e , 1967; P a y n e  and B ig g s , 1967; P u rch a se  and Big g s , 
1967; Ma l ik , 1969; W it t e r  et al., 1970; F l e t c h e r  et al., 1971) published in the last years, 
however, have dealt chiefly with its virological aspects. Relatively little attention seems 
to have been devoted to the microscopic lesions and pathogenesis.

Now th a t  diagnosis o f  acu te  M arek’s disease is a rou tine  ta sk  in our 
in s t i tu te  for several years ,  it  was felt t h a t  closer investiga tions should be 
carried  out in to  th e  characteris tics  o f  th e  disease, f i rs t  of all to  aid the  d iag
nostic  work.

M aterials and  m ethods

Field inves t iga t ions  were perform ed a t  a p o u l t ry  fa rm  where acu te  
M arek ’s disease h a d  been occurring for several years. P o u l t ry  house V of th is  
in fected  farm  was s tocked  w ith  11 800 one-day-o ld  broiler (P ly m o u th  an d  
Cornish) chicks h a tc h e d  from  eggs d isinfected  w ith  form alin  gas. After p rior 
clinical o bse rva tion  a ltoge the r  87 of the  b irds  were killed for pathological, 
bacterio logical an d  histological exam ina tions  according to  the  following 
schedule: th ree  chicks were killed daily  up  to 10 days of age, and th ree  each 
on two occasions eve ry  week from 11 days up  to  m ark e t in g  a t  76 days.

In  every  case th e  following specimens were histologically  exam ined :  
b ra in ,  the  cervical and  lu m b a r  in tum escences of  th e  spinal cord, the  left and 
r ig h t  b rach ia l  and  ischiatic  nerves be tw een  th e  ax illary  and  knee jo in ts  th e  
spleen, ap p ro p r ia te  p a r ts  of liver, th e  k idneys , h e a r t  a n d  hone m arrow  from 
th e  p roxim al end  of th e  fem ur. The p ro v en tr icu lu s ,  tes tes , th y m u s ,  b u rsa  of 
Fabric ius  and  skin  were add itiona lly  ex am in ed  if  th e y  appeared  grossly 
changed. The organ-b locks were fixed in 10%  n eu tra l  fo rm alin  solution and  
em bedded  in p araff in .

Brains were s tud ied  in complete lo n g i tud ina l  sections, th e  cervical and 
lu m b a r  in tum escences were cu t  in the  f ro n ta l  p lane , and  sections from p e r ip h 
eral nerves were cu t  longitud inally .
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T able  I

Incidence and severity o f microscopic lesions in different organs of chickens 1 — 76 days old

Bone marrow 1 
2 
3

K idney (left) 1 
2 
3

K idney 1
(right) 2

3

Liver 1
2
3

Heart I
2
3

Brachial 1
nerve (left) 2

3

Brachial 1
nerve (right) 2

3

Ischiatic 1
nerve (left) 2

3

Ischiatic 1
nerve (right) 2

3
Lumbar 1

intumescence 2
3

Cervical 1
intumescence 2

3

Brain 1
2
3

+
+  +  
+  +

+  +

+  +
+

+  +  -  
+

+  +

+
+  +  
+

76 69 67

+  -

+  +  +  +
+ +  + + + + +
+  +  +  +

62 60 55 53 48 46

The severity o f changes is graded by crosses, as follows: -(- mild, focal lesion; ; ■ more 
cognizable in islets; +  +  +  +  +  affected tissues no longer recognizable; @ oedema of certain

F o r general in fo rm atio n  th e  sections w ere s ta in ed  w ith  M ayor’s acid 
h aem clau n  and  eosin. T he cy top lasm ic  ribonucleic acid co m ponen t o f th e  in 
fill ra tin g  cells w as s ta in ed  w ith  m e th y l g reen-pyronine and M ayer’s acrid ine  
o range tech n iq u e . T he re ticu la r  fib res o f th e  p a ren ch y m ato u s  organs w ere 
d em o n stra ted  b y  G öm öri’s silver im p reg n a tio n  techn ique  and  th e  n u c lea r  in 
clusions accord ing  to  th e  F a r k a s —M allory procedure.
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originating from a flock with a history of acute Marek’s disease

+
41 39 34 32 27 25 20 18 13 11 10 9 8 7 6 5 4 3 2 1

Age of birds (days^

pronounced focal lesion; +  +  +  diffuse cell infiltration; +  +  +  +  affected tissue only re
peripheral nerves w ith mild lesion; ©  oedema without lesion

R esu lts

R earin g  losses in  th e  flock d u rin g  th e  76-day-period  of exposure  a m o u n t
ed to  4 .6 6 % . A b o u t h a lf  of th e  d e a th s  occurred  as a consequence o f w eak n ess  
a f te r  h a tc h in g  a t  th e  age of up  to  10 days and  th e  re s t from  38 days m a in ly  
from  th e  acu te  form  of M arek’s d isease.
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Fig. 1. Detail of optic lobe from the brain of a 41-day-old chicken exposed by contact to 
M arek’s disease agent. N ote  the lym phoid cell infiltration  around several vessels of both the 

white and grey m atter (H aem alaun and eosin, X 45)

Fig. 2. Detail of cerebellum  from 41-day-old chicken exposed by contact to Marek’s disease 
agent. Perivascular accum ulation of lym phoid cells are visible in both white and grey m atter

(H aem alaun and eosin, X 45)

Sym ptom s were  f i r s t  observed a t  41 days  when  2 —3 %  of the  birds 
show ed mostly m in o r  m otoric  d is tu rbances  ( instab le  gait, s tum bling), th ough  
a few developed com ple te  paralysis.
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Fig. 3. D etail o f  cervical intum escence from a 41-day-old chicken exposed by contact to 
Marek’s disease agent. Note lym phoid cell infiltration along the efferent nerve root in the 

white m atter (H aem alaun and eosin, X 95)

Fig. 4. D etail o f brain from a 41-day-old chicken exposed by contact to Marek’s disease 
agent. A focal lym phoid  cell infiltration is visible w ithin and below the m eninx (H aem alaun

and eosin, X 45)

At nec ropsy  patho logical lesions were detec ted  in a b o u t  40%  of the  b irds 
exam ined ;  these  lesions, which were s light and  involved  one or occasionally 
more organs, ap pea red  from  41 days of  age.
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Fig. 5. Detail of m edulla oblongata from a 69-day-oJd chicken exposed b y  contact to Marek’s 
disease agent. N eoplastic-like changes are visible in the white and grey m atter (H aem alaun

and eosin, X 45)

Fig. 6. Detail o f lum bar intum escence from a 69-day-old chicken exposed by contact to 
Marek’s disease agent. E xhibiting a neoplastic-type infiltration in the white m atter (H ae

malaun and eosin, X45)
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Fig. 7. D etail o f ischiatic nerve from a 60-day-old chicken exposed by contact to Marek’s 
disease agent showing the concom itance o f m arkedly infiltrated and non-infiltrated nerve 

fibre bundles (H aem alaun and eosin, X 95)

Fig. 8. D etail o f ischiatic nerve from a 46-day-old chicken exposed by contact to Marek 
disease agent presenting endoneural in filtration  by rows of lym phoid cells (H aem alaun an

eosin, X 600)

No b ac te r ia  were isolated from  th e  affected  tissues.
Histo logical exam ina tions  were begun  only when the  to ta l  m a te r ia l  h ad  

been collected a n d  were conducted  f i r s t  on th e  specimens from  th e  oldest 
birds. T he  resu lts  are sum m arized  in  T ab le  I . The sever ity  of changes is graded  
b y  crosses as follows:
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Fig. 9. Detail of m yocardium  from a 76-day-old chicken exposed by contact to Marek’s 
disease agent. A focal lym phoid  cell infiltration is visible am ong the muscle fibres (H aem alaun

and eosin stain, X 45)

Fig. 10. Detail of liver from a 60-day-old chicken exposed by contact to Marek’s disease 
agent. Infiltrating lym phoid  cells are present in the parenchym a and around the walls of 

the larger vessels (H aem alaun and eosin, X 45)

+
+ +

m ild , focal lesion
m ore  pronounced  focal lesion
diffuse cell in fil tra tion
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Fig. 11. D etail o f kidney from a 69-day-old chicken exposed by contact to Marek’s disease 
agent. A marked lym phoid cell infiltration can be seen in both renal cortex and parenchym a

(H aem alaun and eosin, X 95)

Fig. 12. D etail o f proventriculus from a 67-day-old chicken exposed by contact to Marek’s 
disease agent. N ote the sporadic lym phoid cell infiltration in the deep glands of the propria

(H aem alaun and eosin, X 45)

affected t issue only recognizable in islets 
affected t issue no longer recognizable.

Circles ind ica te  oedem a of certa in  per iphera l nerves.
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Lesions of  th e  cen tra l  nerv o u s  system  usually  becam e a p p a re n t  from 
41 clays and a lw ays  consisted of  a ly m p h o cy te  cell in f i l t ra t io n  around  th e  
v ascu la r  wall (Figs 1— 4). The in f i l t ra t in g  cells formed a per ivascu la r  ly m p h o 
c y te  cuffing, u su a l ly  comprised o f  tw o or more rows of cells, h u t  sometimes 
a single row or focal in d is t r ib u t io n  and  as a rule sharp ly  d e m a rc a ted  against 
th e  ectoderm al b r a in  tissue. V ascu la r  wall in f i l t ra t ions  were seen in b o th  w hite  
a n d  grey bra in  m a t t e r  a n d  in a b o u t  h a l f  of th e  cases in th e  cerebellum as well. 
C erebra l  lesions w ere  loca ted  in  th e  optic  lobe (Fig. 1) an d  w ith in  or close by  
t h e  nuclei of th e  m ed u lla  ob lo n g a ta  while cerebellar lesions were usually  found 
in  th e  granu lar  la y e r  ( s t r a tu m  g ranu losum ), m olecular lay e r  ( s t r a tu m  molecu- 
la re )  as well as in  th e  w hite  m a t t e r  o f  th e  cerebellar lam ellae  (Fig. 2). In  th e  
cerv ica l and lu m b a r  in tum escences  most lesions were observed  in the  white  
m a t t e r  and th e y  were  generally  a sy m m etr ica l ly  d is t r ib u ted  (Fig. 3). Occasion
a l ly  cell in f i l t ra t ions  were enco u n te red  in c ircum scribed areas of  the  cerebral 
a n d  spinal m eninges.

In the overw helm ing  m a jo r i ty  o f  cases th e  in f i l t ra t in g  cells were m a tu re  
lym phocy tes .  I n f i l t r a t io n  of th e  vascu la r  wall was no t  accom panied  by  degener
a t iv e  neuron changes or glial pro lifera tion .

A typical,  u n d if fe re n t ia ted  cells ind ica t ive  of neoplasia  occurred in a 
c ircum scribed  a rea  of  th e  m edulla  o b longa ta  of tw o b irds ,  aged 69 and  60 days 
(F ig .  5); in the  lu m b a r  in tum escence  of these and  two add i t io n a l  birds, aged 
55 an d  48 days (F ig . 6); as well as in  th e  cervical in tum escence  o f  th e  fo rm er 
55-day-o ld  bird a n d  a n o th e r  25-day-old  one. These diffusely in fil tra ting , 
lym phoblas t- l ike  cells co n ta ined  an increased am o u n t  of ribonucleic acid, as 
d e m o n s tra te d  b y  s ta in in g  w ith  M ay o r’s acridine orange. T h ey  form ed massive 
p e r ivascu la r  cuffing in th e  affected  areas and  the  su rround ing  nerve  cells were 
severe ly  degenera ted .

In  per iphera l  nerves cell- in fil tra tion  was endoneura l ;  th e  cells usually  
fo rm e d  rows or less often  were d is t r ib u te d  focally be tw een  th e  m yelina ted  
neurofibres  of a n e rv e  bundle .  In  m ost cases only a single bun d le  was affected; 
a d jacen t  bundles  co n ta in ed  very  few in f i l t ra t in g  cells if an y  (Fig. 7). Most 
in f i l t ra t in g  cells were  again m a tu re  lym p h o cy te s  (Fig. 8); b u t  o ther  in f la m 
m a to ry  cells, such as h is tiocy tes ,  p la sm a  cells and  qu ite  ra re ly  heterophilic  
cells were p resen t  in var iab le ,  genera lly  low num bers .  In  th e  case of more p ro 
nounced  in f i l t ra t ions  a large n u m b e r  of im m a tu re ,  lym phob las t- l ike  cells w ith  
a  h igh ribonucleic acid  co n ten t  were presen t .  Three b irds ,  aged 69, 60 and 
48 days with lesions qualified  -f- +  +  and  +  +  +  +  d isp layed  neoplastic-like 
cell infil tra tions also in th e  c e n tra l  nervous system . In  th e  changed  area th e  
m y e lin  sheath  of  th e  nerve  fibres u n d e rw e n t  d ifferent degrees of  degenera tion , 
depend ing  on th e  e x te n t  of in f i l t ra t io n ,  b u t  th e  axon usua lly  rem ained  in tac t .  
A  distinct oedem a w i th o u t  cellular in f i l t ra t io n  was noticed  in th e  peripheral 
ne rvous  system  o f  12 birds.
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Fig. 13. D etail o f k idney from a 55-day-old chicken exposed by contact to Marek’s disease 
agent. Many im m ature b last-type cells, rich in chrom atin and w ith a large cytoplasm , are 
present among the lym phoid cells surrounding th e  tubules (H aem alaun and eosin, X 600)

Fig. 14. D etail o f heart from a 69-day-old chicken exposed by contact to Marek’s disease 
agent. Many large, chromatin-rich, neoplastic-type cells are visible among the lym phoid  

cells infiltrating the muscle fibres (H aem alaun and eosin, X 600)
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Fig. 15. Detail of liver from 2-day-old chicken exposed by contact to Marek’s disease agent. 
The focal infiltration around the central vein  consists of differentiated lym phocytes (H ae-

malaun and eosin, X 240)

Fig. 16. Detail of proventriculus from a 76-day-old chicken exposed by contact to M arek’s 
disease agent. N ote the structure of the reticular fibres in  infiltrated areas of the deep propriai 

glands (Gömöri’s silver im pregnation technique, X 45)

Of the  e x t ra n e u ra l  organs, th e  h e a r t  f requen tly  showed lesions a t  t h e  
borderline  betw een  th e  m yocard ium  a n d  ep icard ium ; the  in f i l t ra t in g  cells were  
chiefly  a rranged  in rows, less often focally  (Fig. 9). In  the  liver, the  in f i l t r a t in g
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Fig. 17. Detail of Fig. 16 at higher m agnification (x 6 0 0 ) .  The proliferated reticulum  fibres 
are seen dissem inating in  coarse structure

Fig. 18. Detail o f proventriculus from a 76-day-old  chicken exposed by contact to Marek’s 
disease agent. N ote the nuclear hypertrophy and perichromasia in some of the cylindrical 
epithelial cells lining the central duct of the deep propriai glands. (H aem alaun and eosin,

X 1400)

cells fo rm ed c ircum scribed foci in th e  p a re n c h y m a  an d /o r  along th e  b lood  
vascu la r  walls (Fig. 10). Similar foci w ith ,  however, less d is t inc t  tnarg ina  
occurred  in the  k idney  betw een  the tu b u le s  an d  som etim es a round  th e  glome-
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Fig. 19. Detail o f proventriculus from a 76-day-old ch icken  exposed by contact to Marek’s 
disease agent. Nuclear inclusions are distinguishable in some of the cylindrical epithelial 

cells lining the central duct o f the deep propriai glands (H aem alaun and eosin, X 240)

Fig. 20. Detail o f proventriculus from a 69-day-old chicken exposed by contact to Marek’s 
disease agent again showing nuclear inclusions in som e of the cylindrical epithelial cells 

lining the central duct o f the deep propriai glands (Farkas —Mallory stain, X 1400)

ru l i  (Fig. 11) while in th e  bone m arro w , in f i l t ra t ing  cells were sca t te red  in 
sm all groups.

Of the  lesions in organs n o t  ex am in ed  regu la r ly  unless grossly changed ,  
those  in the  p ro v en tr icu lu s  were m o s t  w o r th y  of no te : here in f i l t ra t in g  cells
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alw ays ap p ea red  be tw een  the deep g lands  of  th e  p rop ria  a rrang ing  e i the r  
focally or in rows (Fig. 12).

In  all e x t ra n e u ra l  organs th e  in f i l t ra t io n  consisted of ly m p h o id  cells 
am ong which m a tu r in g  b las t- type  cells, w ith  a high ribonucleic acid c o n te n t  
and  of ten  in th e  s tage  of mitosis, a p p e a re d  in q u ite  high num bers ,  even  in 
re la t ive ly  m ild  ( +  +  ) lesions (Figs 13, 14). I n  b irds  younger  th a n  27 d ay s  m o s t  
in f i l t ra t in g  cells were m a tu re  ly m p h o cy te s  (Fig. 15). Proliferation  of  re t ic u la r  
fibres which  occurred  in the  p roven tr icu lus  irrespec tive  of  age could be d e m o n 
s t ra te d  in  th e  invo lved  areas of th e  h e a r t ,  l iver and  k idney  only a t  76 days 
(Figs 16 an d  17).

D epend ing  on th e  degree of in f i l t ra t io n ,  the  dam aged  tissue, above  all 
t h a t  o f  th e  p roven tr icu lus ,  h ea r t  and l iver ,  occasionally  showed signs o f  nuc lea r  
degenera t ion , viz. karyom egaly  and  pe r ich ro m as ia  (Fig. 18). In  a few cases 
a round ish , pa le -s ta in ing  acidophilic ag g reg a te  w ith  slightly  ind is t inc t  m arg ins  
was seen in  th e  cen tre  of  the  d eg en e ra ted  nucleus (Figs 19, 20).

D iscussion

O f th e  30 chickens exam ined be tw eeen  th e  ages of 41— 76 d ay s ,  28 
(83.3% ) exh ib ited  in f i l t ra t ive  lesions b o th  in p a ren ch y m a to u s  organs and  in 
the ne rvous  system . Changes in th e  c e n t ra l  nervous  system w ith o u t  in v o lve 
m en t  o f  th e  per iphera l  nerves were e n c o u n te re d  in  only  five cases, b u t  once 
the  p e r ip h era l  nerves h a d  been a ffec ted , th e  in f i l t ra t io n s  were generally p re se n t  
in all o f  th e  four cases. An association o f  o rganic  lesions w ith  in f i l t ra t iv e  neu ra l  
changes could be d em o n s tra ted  in 12 o f  th e  21 birds exam ined  be tw een  th e  ages 
of 18— 39 days (57.1% ). Since birds less t h a n  18 days  old never showed neu ra l  
lesions, no specimens o f  nerve tissue w ere  ex am in ed  from  chicks y o u n g e r  th a n  
10 days.

W e conclude, in  accordance w i th  M a l i k  (1969), t h a t  the  neu ra l  lesions 
found  b y  us d id  n o t  differ from th o s e  en co u n te red  in the  classical fo rm  of 
M arek’s disease. Likewise, the  p resence  of  oedem a of peripheral nerves w i th 
ou t cell in f i l t ra t io n ,  w hich  has been conside red  a charac ter is t ic  change o f  acu te  
M arek ’s disease ( P a y n e  and B ig g s , 1967; M a l i k , 1969), also occurs in  th e  
c lassical form. F u r th e rm o re ,  it seems l ike ly  t h a t  th e  low incidence o f  p a ra ly t ic  
sy m p to m s  in o u tb reak s  of the acu te  fo rm  is due to  th e  fact t h a t  th e  neu ra l  
axon rem ains  in ta c t  for a re la tively  long  t im e  (G r a t z l  and K ö h l e r , 1968).

T he  presence o f  im m atu re ,  n eop las t ic  cells am ong  th e  in f i l t ra t ing  ly m p h o 
cytes was observed in  b o th  central a n d  p e r ip h era l  nervous  systems of f ive b irds  
and  in th e  per iphera l  nerves alone o f  th ree  more. Blast-like cells o f  a n eo 
plastic  ch a ra c te r  according to the ir  m i to t ic  ac t iv i ty  as well as th e ir  increased  
ribonucleic  acid c o n te n t  commonly a p p e a re d  in var ious  e x tran eu ra l  o rgans  of 
birds o lder th a n  27 days .  This f ind ing  w as verified  in conform ity  w ith  th o se  of
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P a y n e  and B ig g s  (1967). In  birds less th a n  27 days old , th e o v erw h elm in g  
m ajor ity  o f th e  in filtr a t in g  cells were m atu re ly m p h o cy tes  in w hich  no in crease  
o f  th e  cy to p la sm ic  rib on u cleic  acid  co m p o n en t could  he d em on stra ted , e ith er  
w ith  m eth y l green -p yron in e  or w ith  M ayor’s acrid ine orange tech n iq u e . L y m 
p h o c y tic  cell in filtr a t io n  is p rob ably  due to  v ir a l action  on th e  reticu lo -en d o-  
th e lia l sy stem . F l e t c h e r  et al. (1971) cite  in  su p p ort o f  it Ca r l s o n  andALLEN’s 
fin d in g  th a t ly m p h o id  cells appeared  a lread y  6 hours after th e v ira l in o cu la tio n  
in to  th e w ing w eb  and th e  affected  tissu es w ere p red om in an tly  in filtr a ted  b y  
su ch  cells after 36 h ou rs. In  our m ateria l ly m p h o id  cell in filtra tio n s occurred  
as early  as 2 d a y s o f  age (F ig . 15).

L ym phoid  cell in f i l t ra t ions  in v isceral o rgans  were no t usua lly  m an ifes ted  
b y  a n y  typ ica l  m acroscop ic  lesions. Since th e  w h ite  pulp of the  spleen no rm a lly  
con ta in s  some e lem en ts  of lym pho id  cells, depen d in g  on the  im m unobio log ical 
s t a tu s  of the  in v o lv e d  b ird ,  in accordance  w i th  F l e t c h e r ’s o bse rva tion  th is  
o rg an  was no t  e x a c t ly  exam ined . In  a s im ila r  w ay , the  lym phoid  cell in f i l t r a 
t io n s  or lym ph  follicles in the  w all of p ro v e n tr ic u lu s  are not regarded  as p a th o 
logical, as th e y  a re  o f ten  found in h e a l th y  b ird s  be tw een  the  deep glands o f  th e  
p ro v en tr icu la r  la m in a  propria .  On th e  o th e r  h a n d ,  the  nuclear  degenera t ion  
o f  p rov en tr icu la r  ep ithe l ia l  cells co rresponds to  th e  Cow dry  ty p e  A nuc lea r  
inclusion bodies c h a rac te r is t ic  of the  h e rpesv iru s  group; similar inclusions were 
re p o r te d  by  F l e t c h e r  e t  al. (1971) in th e  ep ithelia l  cells of fea th e r  follicles.

SUM M ARY

On a poultry farm  w ith  a history of the acute Marek’s disease, 87 birds from a large 
broiler flock were exposed  by contact to Marek’s disease agent and later on exam ined for 
clinical signs, gross and microscopic lesions over the period from hatching to m arketing (1 — 76 
days of age). D etailed h istological exam inations o f the central and peripheral nervous system s  
and certain extraneural organs revealed that 83.3%  of birds aged 41 — 76 days and 57.1%  
o f those aged 18 -3 9  days displayed lym phoid cell infiltrations in both intra- and extra- 
neural localizations. No neural lesions were recognized in birds younger than 18 days old, 
b u t lesions of parenchym atous organs occurred as early as two days of age and infiltrations  
show ing a neoplastic character from 27 days. N eoplastic  neural lesions were found in only  
a few  instances. Cowdry ty p e  A nuclear inclusion bodies were seen in several cases, principally  
in epithelial cells o f th e  proventriculus. The m icroscopic changes were not usually  m anifested  
b y  macroscopic exam ination .
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IMMUNOLOGICAL STUDY OF RABBIT CYSTICERCOSIS

IV. LOCALIZATION OF P R E C IPIT A T IN G  A N T IB O D IE S  
BY IM M UNO ELECTR O PH O R ESIS IN T H E  SER UM  

OF R A B B IT S E X PE R IM E N T A L L Y  IN F E C T E D  W ITH CYSTICERCUS PISIFO R M IS
(BLOCH, 1780)

B y

I. N é m e t h

Veterinary M edical Research In stitu te  (Director: D. D er z sy ), 
H ungarian Academ y o f  Sciences, B udapest

(Received M arch 20, 1972)

The production of hum oral antibodies b y  rabbits in response to infections w ith  Cysti
cercus pisiformis  (Bloch, 1780), the larval form  o f Taenia p is iform is  (Bloch, 1780) Gmelin, 
1790 (Cestoda: Taeniidae), has repeatedly been confirm ed by passive serum-transfer experi
m ents (K e r r , 1934, 1935; S im a , 1937; Ca m p b e l l , 1938; L e o n a r d , 1940; L eo n a rd  and 
L e o n a r d , 1941; L ieb m a n n  and B och , 1960; B a ch m a n n , 1964; N é m e t h , 1970). A ntibodies 
to this parasite have also been dem onstrated in  the serum of infected rabbits by various 
serological methods w ith the use of sundry antigen ic  preparations o f the tapeworm  or the  
cysticerci (Ca m pb el l , 1938; S ilv erm a n , 1955; S h u l ’ts and I sm a g ilo v a , 1965; N é m e t h , 1965).

In a previous experim ent, the serum o f  rabbits experim entally  infected w ith the eggs 
o f  T. p isiformis  produced precipitation lines in  agar gel against whole saline extracts o f both  
tapeworm s and cysticerci (N é m e t h , 1965). Subsequent analyses b y  agar gel diffusion pre
cip itation  tests revealed th at the invasion of the parasite induces a com plex precipitin response 
in the rabbits. Four precipitating antibodies o f  different antigenic specificity  were detected  
in serum  samples collected at spaced intervals after single or double infections. The antigenic  
com ponents reacting w ith these antibodies were found to be contained in the acid-soluble  
fraction o f the whole saline extracts of tapew orm s and cysticerci (N é m e t h , 1971).

No info rm ation  is available in th e  l i t e ra tu re  on th e  class of im m u n o 
globulins w ith  which these  antibodies a re  associated , however, so t h a t  th e ir  
ty p e s  has still to  be defined. To f u r th e r  charac terize  th e  precipitin  response 
e v o k ed  b y  invasions of  oncosphaeres o f  T .  p is i fo rm is , experim en ts  were carried  
o u t  in  w hich  the  re la t ionsh ip  betw een  im m unog lobu lin s  and  precip itins  was 
s tu d ie d .  B y  su b m it t in g  original or c o n c e n tra ted  se rum  to  im m unoelectro-  
phoresis  we have been  able to  localize th e se  an tibodies  in th e  serum  p ro te in s  
o f  in fec ted  rabb its  w ith  th e  aid of v a r io u s  antigenic p rep a ra t io n s  of  th e  p a r a 
s ite . T h e  results  of these  studies are p re se n te d  in th is  paper .

Materials a n d  m ethods

Antigens.  W hole saline ex trac ts  o f  T . p is iform is  (T pE ) and  C. p is i fo rm is  
(CpE) as well as “ secretions and e x c re t io n s”  of th e  tw o  stages (TpSE  and  
C pSE ) were ob ta ined  as previously desc r ibed  ( N é m e t h , 1 9 7 1 ) .
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Sera. The p re p a ra t io n  of  r a b b i t  an ti-T .  pisiform is  im m u n e  serum (an ti-  
T p) and  anti-C. p is i fo rm is  im m une  se rum  (anti-Cp) was also as before ( N é m e t h ,

1971). The following add it iona l  sera were used:
Serum fr o m  infected rabbits. T w e n ty  w hite  New Z ea land  rabb its ,  aged  

6 — 7 weeks an d  w eighing 700—900 g, were each infected w ith  500 T. p i s i 
fo rm is  eggs. T he  eggs were iso lated  from  th e  gravid  segm ents  o f  tap ew o rm s  
recovered  from ar t if ic ia lly  in fected  dogs ( N é m e t h , 1970) a n d  in tro d u ced  in to  
th e  s tom ach  o f th e  anim als down a tu b e  f i t te d  to  a syringe. S ix ty  days a f te r  
th e  p r im ary  in fec tion , ha lf  of th e  ra b b i ts  were re infected  w ith  10,000 eggs. 
All anim als were b led  an d  dissected on th e  100th  day. Blood was d raw n f ro m  
th e  m arg ina l ea r  ve in  a t  10-day in te rv a ls  a n d  th e  serum  sam ples were s to re d  
w i th o u t  p re se rv a t iv e  a t  — 20 °C.

Preparation o f  polyspecific goat im m u n e  serum against whole rabbit serum  
(goa t  a n t i - ra b b i t  im m u n e  serum ). T h ree  a d u l t  female goats  w ith  body  w e igh ts  
o f  50 — 60 kg  were  sensitized w ith  pooled no rm a l  serum of ad u l t  rab b i ts  t h a t  
seem ed to be h e a l th y  on clinical a n d  an a to m ica l  evidence. Two ml of w hole  
se rum , emulsified in an equal vo lum e  of com plete  F re u n d ’s a d ju v an t ,*  w as  
inocu la ted  in t ra m u sc u la r ly  in to  each an im al  a t  m ultip le  sites; th e  inocu la t ion  
w as repea ted  w i th  th e  same dosage four weeks la ter .  A fter  a n o th e r  four w eeks , 
th e  animals were in jec ted  sub cu tan eo u s ly  six times a t  5 -day  in te rva ls  w i th  
5 m l serum  d i lu ted  1 : 3 w ith  iso tonic  saline. I f  the  a n t ib o d y  t i t r e  was h ig h  
enough  in a se ru m  sam ple te s ted  one week af te r  the  last  in jec tion , and if  t h e  
se ru m  proved  to  con ta in  antibodies  to  an a d eq u a te  n u m b e r  of  serum  co m p o 
n en ts ,  as ju d g ed  b y  a tr ia l  im m u noe lec trophore tic  run, b lood was d raw n f ro m  
th e  goat via th e  ju g u la r  vein. I f  th e  sam ple  was of low t i t re ,  inoculations w ere  
con tinued . Im m u n e  serum  was p rese rved  b y  adding  0 .01%  m erth io la te  a n d  
0 .2 5 %  phenol, a n d  s tored at 4 °C.

Preparation o f  sheep im m une serum against rabbit-serum globulins  (sheep 
a n t i - r a b b i t  g lobulin  im m une  serum ). Y o u n g  sheep of 2 0 —25 kg  body  w eig h t  
were  sensitized w i th  ra b b i t  se rum  globulins ob ta ined  from  pooled n o rm a l  
r a b b i t  serum  b y  p rec ip i ta t ion  w ith  one- th ird  s a tu ra te d  am m o n iu m  su lp h a te  
as described b y  S t e l o s  (1967). A liquots  o f  globulin solution con ta in ing  90 m g  
p ro te in  were em ulsified  in equal po rt ions  o f  com plete  F r e u n d ’s a d ju v a n t  a n d  
in jec ted  in tra m u sc u la r ly  in to  each an im al a t  m ultip le  sites in  a to ta l  v o lu m e  
o f  4 ml. F o u r  weeks la te r ,  inocu la t ion  was repea ted  w ith  th e  same dosage. 
A f te r  an o th e r  four weeks, the  an im als  were in jected  sub cu tan eo u s ly  six t im es  
a t  5-day  in te rva ls  w ith  a dose of  globulin  so lution con ta in ing  50 mg p ro te in .  
B lood  was w i th d ra w n  from th e  sheep 8 —10 days af te r  th e  la s t  in ocu la t ion  
p rov ided  the im m u n e  t i t re  was a d e q u a te ;  if  no t ,  inoculations were con t in u ed .  
Im m u n e  serum  was preserved w ith  0 .0 1 %  m erth io la te  and  0 .25%  pheno l,  
a n d  stored at 4 °C.

* Difco Laboratories, Detroit, M ichigan, U .S.A .
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Immunoelectrophoresis

lm m u n o e lec tro p h o re t ic  analyses were perform ed in 1 .5%  agar  gel* d is
solved in b a rb i ta l  sodium -sodium  ace ta te -h y d ro ch lo r ic  acid buffer (p H  8.6, 
p =  0.05) con ta in ing  0 .01%  m erth io la te .  T he  agar solution was p o u re d  o n to  
6.5 X 9.0 cm glass p la te s  to  a dep th  o f  1.5 m m  and  left to  congeal, th e  p la te s  
being  k e p t  in a m o is t  cham ber  a t  4 °C u n t i l  used th e  n e x t  day . E lec tro p h o re t ic  
ru n s  were carried  o u t  a t  room te m p e r a tu r e  under  a po ten t ia l  g ra d ie n t  o f  
4 У /cm . W h a tm a n  No. 1 f i lter pap e r  s t r ip s  connected  th e  agar  p la tes  w ith  th e  
buffe r  ta n k s ,  w hich  con ta ined  th e  s am e  buffe r  as the  agar  gel. Im m u n o d if fu 
sion following electrophoresis  took p lace  in a hum id  cham ber  a t  room  te m p e r a 
tu re ;  its  d u ra t io n  v a r ie d  according to  th e  reagen ts  employed. After  th e  p rec ip i
t in  b a n d s  h a d  been  formed, the  im m u n o e lec tro p h o re t ic  p lates were w ashed  
dried  an d  th en  s ta in ed  w ith  a m id o b lack  10 В or acid fuchsin following 
B a c k h a u s z  (1967).

A gar gel d iffusion precipitation technique

The agar gel diffusion p rec ip i ta t io n  te s t  was effected by  the  rad ia l  doub le  
diffusion m e thod  in  p la tes  of 1 .5%  Difco Noble-Agar in p h o sp h a te -b u ffe red  
saline (PB S: 0.01 M, p H  7.1) co n ta in ing  0 .01%  m erth io la te  and  0 .003%  m e th y l  
o range, following th e  previously a d o p te d  techn ique  ( N é m e t h , 1971).

Concentration o f  serum

I n  o rder to  enhance  precipitin  a c t iv i ty ,  serum  samples found  to  p ro d u c e  
too w eak  p rec ip i ta t io n  were co n c e n tra ted  5- to  6-fold by  sa lting  o u t  w ith  
am m o n iu m  su lp h a te  ( N é m e t h , 1971).

Protein determinations

These were pe rfo rm ed  by  th e  b iu r e t  m e th o d  as described b y  C h a s e  and  
W i l l i a m s  (1968).

R esu lts

P o s t-m o rtem  exam ina tion  ca rr ied  o u t  100 days a f te r  th e  f irs t  a d m in is t r a 
tion  of  T. p is i fo rm is  eggs showed b o t h  inoculations to  have been successful. 
B a b b i ts  w ith  a single infection h a rb o u re d ,  on average, 228.6 (range: 8 2 —391) 
en capsu la ted ,  fully  m a tu re  cysticerci on th e  om entum  and un d er  th e  pelvic  
pe r i to n eu m . An average  of 394 (ran g e :  128— 427) cysticerci were reco v e red  
from th e  rabb its  re in fec ted  on day  60 of th e  experim ent.  Besides th e  m a tu re

* Special Agar-Noble, Difco Laboratories, Detroit, Michigan, U .S.A .
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cysticerc i,  still m ig ra t in g  young larvae, which  h ad  obviously developed from  
th e  oncosphaeres of  th e  re infecting dose, were also found in  th e  abdom ina l  
c a v i ty  of rabb its  in th is  group.

Serum sam ples collected before th e  1 2 th — 15th d a y  of infection p ro d u ced  
no p rec ip i ta te  w ith  C pE  and T p E  an tigens  in th e  agar gel diffusion p re c ip i ta 
t io n  te s t .  Up to  th e  3 0 th —40th  d ay  th e  se rum  of some rab b i ts  developed 
m o s t ly  weak p rec ip i ta t io n  lines, b u t  th e re a f te r  sam ples from all anim als p re 
c ip i ta te d  up to  th e  v e ry  end of the e x p e r im en t ,  th e  m ost m arked  p rec ip i t in

Fig. 1. Precipitins to “ som atic”  antigens of T. p is iform is  and C. p isiformis  localized by im- 
m unoelectrophoresis in th e  serum of rabbits infected w ith C. pisiformis .  A fter electrophoresis 
o f  a serum sample (w ells) collected 30 days after the infection, the horizontal troughs were 
filled  as follows: SaRG, Sheep antiserum to rabbit globulins; GaRS, Goat antiserum  to rabbit 
whole serum; TpE, T. p is iform is  whole saline extract (3 mg protein/m l); CpE, C. pisiformis  
w hole saline extract (4 m g protein/m l). Precipitin lines were formed against both  TpE  and 

CpE in the position of IgG im m unoglobulins

b a n d s  being observed be tw een  the  30 th  an d  70 th  days of infection. The p rec i
p i t in  ac t iv i ty  of se ru m  sam ples var ied  n o t  on ly  during  th e  course of infection , 
how ever ,  h u t  also m a rk e d ly  between ind iv idua ls  a t  th e  sam e stage of  infec
t io n .  This was ev idenced  by  th e  differences in b o th  the  n u m b e r  and  in ten s i ty  
of  p rec ip i ta t ion  b a n d s  p roduced . Most o f  th e  se rum  samples from singly in 
fec ted  rabb its  form ed on ly  a single b an d  to  CpE  and  T p E ,  th ough  two clear 
lines developed w ith  th e  serum  collected from  some animals 3 0 —70 days a f te r  
infection .

Superinfection w i th  10,000 eggs consp icuously  au gm en ted  th e  precipitin  
a c t iv i ty  above t h a t  o f  s ingly  infected an im als  a n d  af te r  th e  20 th  d ay  of r e in 
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fection th e  se rum  of th e  m a jo r i ty  of  ra h h i ts  fo rm ed three , in some cases even 
four, b a n d s  aga ins t  CpE or T p E .

In  se rum  sam ples shown to con ta in  a d em ons trab le  am o u n t  of  precipi-  
t in s  b y  th e  gel diffusion te s t ,  th e  e lec trophoretic  m obili ty  and  th e  ty p e  of 
se rum  co m ponen ts  carry ing  th e  an tibod ies  were d e te rm ined  b y  im m uno- 
e lectrophores is  as follows. The serum  was f i rs t  e lec trophoretized  in agar gel. 
Two lo n g i tu d in a l  t roughs  were th e n  cu t  o u t  paralle l to  th e  d irection of  e lec tro 
phoresis; one o f  th e  troughs  was filled w ith  d ifferent d ilu tions of CpE, T p E ,

Fig. 2. Precipitins to “ secretions and excretions” antigens of T. pisiformis  and C. pis iform is  
localized b y  im m unoelectrophoresis in the serum  of rabbits infected w ith C. pisiformis.  
After electrophoresis o f a serum sam ple (wells) collected 30 days after the infection, the 
horizontal troughs were filled as follow s: G aRS, Goat antiserum  to rabbit whole serum; 
TpSE , “ Secretions and excretions”  antigen of T. pisiformis  (3 mg protein/m l); CpSE, “ Secre
tions and excretions” antigen of C. pisiformis  (2.5 mg protein/m l). Precipitin lines were 

formed against both TpSE and CpSE in the position of IgG im m unoglobulins

CpSE or T p S E ,  the  o the r  w ith  goat a n t i - r a b b i t  im m une  serum  or sheep a n t i 
r a b b i t  globulin im m une  serum , an d  these  were allowed to  diffuse a t  r igh t  
angles to  th e  se p a ra te d  com ponen ts  o f  th e  serum  sample.

Serum  sam ples  of  diverse p re c ip i ta t in g  ac t iv i ty ,  collected a t  d ifferent 
stages of  infection , were exam ined  ind iv idua lly  w ith  th is  m ethod . Sam ples  
w ith  th e  sam e re a c t iv i ty  ob ta ined  in th e  sam e stage  of  infection were pooled 
in equal p ro p o r t io n s ;  sera of low p re c ip i ta t in g  a c t iv i ty  were co n cen tra ted  be fo re 
h a n d  b y  am m o n iu m  su lpha te  p rec ip i ta t io n .  The m ost charac ter is t ic  resu lts  
are p resen ted  in Figs 1—4.

As can be seen, th e  p rec ip i ta t ion  b an d s  aga ins t  th e  various c o n c e n tra 
tions of  C pE , T p E ,  CpSE and  T p S E  coincided w ith  th e  m ax im u m  of th e  IgG
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prec ip i ta t io n  arc. T h e re  was no v a r ia t io n  in the  localization of  p rec ip i ta t in g  
an tibod ies  betw een  se ru m  samples o b ta in e d  a t  different stages of  th e  infection. 
B y  com paring  th e  p rec ip i ta t io n  b a n d s  developed  against th e  d ifferent an t ig en  
so lu tions with th e  im m u n o e lec trophore tic  p ic tu re  of the serum  it was found 
t h a t  th e  p rec ip i ta t ion  lines produced by  th e  w orm  antigens and  th e  co rrespond
ing antibodies  d iffered  only w ith  re sp ec t  to  th e  ac t iv i ty  of th e  serum  sam ples  
b u t  never  in th e i r  position . E v e ry  se ru m  sam ple consis ten tly  p roduced  p re 
c ip i ta t io n  bands a g a in s t  the  an tigen  so lu tions corresponding to  th e  m a x im u m

Fig. 3. Im m unoelectrophoretogram  of rabbit serum showing the localization of precipitins 
to “ som atic” antigens o f  T. pisiformis  and C. p isiformis  40 days after reinfection. After 
electrophoresis of the serum  sample (wells) the horizontal troughs were filled as follows: 
G aR S, Goat antiserum  to  rabbit whole serum: T pE , T. pisiformis  whole saline extract (4 mg 

protein/m l); CpE, C. pisiformis  w hole saline extract (5 mg protein/m l)

of th e  IgG arc b u t  these  bands never  ex ten d ed  to  the  entire  area of th e  e lec tro 
p h o re t ic  mobility  o f  th e  IgG globulins. T he  resu lt  was the same w h e th e r  th e  
se ru m  was collected a f te r  the  f irs t  or th e  second infection, and  it m ade  no 
difference w he the r  th e  “ som atic”  or th e  “ m etabo lic”  an tigens of  th e  w orm s 
or th e  cysticerci w ere  used to  d e m o n s t ra te  th e  precipitins.

I t  should, how ever ,  be stressed th a t ,  owing to  the  s trong ly  va r iab le  se rum  
p rec ip it in  con ten t ,  t h e  im m unoelec trophore tic  analysis of every  serum  sam ple  
re q u ire d  diverse a n t ig e n  concen tra t ions  an d  various diffusion tim es for the  
o p t im a l  form ation  o f  p rec ip ita tion  lines. I t  was th u s  impossible to  d e m o n s tra te
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in a single r u n  on the  same p la te  all th e  precip ita tion  lines observed  in gel 
diffusion te s ts  toge the r  w ith  th e  im m unoeleo trophore tic  p ic tu re  of  th e  serum .

As is ap p a re n t  from the  figures, only  a single precipitin  line was produced  
w hen  10— 15 pi serum  was ana lysed , even  if th e  serum u n d e r  t e s t  fo rm ed tw o 
or m ore  h a n d s  in reac tion  w ith  ex ac t ly  th e  same an tigens  in  th e  agar gel 
diffusion precip itin  tes t .  This was p re su m a b ly  m ain ly  because  th e  am o u n t  of 
an tibod ies  lay  below th e  th resho ld  for p roducing  percep tib le  p rec ip i ta t ion  
ag a in s t  all antigenic  com ponents .

The precip itins  responsible for all lines in the  gel d iffusion p rec ip i ta t io n  
could be localized by  s im ultaneous  analyses  of  20 —30 pi o f  th e  sam e serum

Fig. 4. Im m unoelectrophoretogram  of rabbit serum showing the localization  of precipitins 
to “ secretions and excretions” antigens o f T. pisiformis  and C. p is iform is  40 days after 
reinfection. After electrophoresis o f a serum sam ple (wells) the horizontal troughs were filled  
as follows: G aRS, Goat antiserum  to rabbit whole serum; TpSE, “ Secretions and excretions” 
antigen of T. pisiformis  (4 m g protein/inl); CpSE, “ Secretions and excretions” antigen of

C. pis iform is  (m g protein/ml)

on several pla tes. D ifferent concen tra t ions  of  antigen so lutions were th en  dif
fused against the  sepa ra ted  se rum  com ponen ts  on one p la te ,  a n d  the  im m une  
sera  to  r a b b i t  serum pro te ins  on a n o th e r  p late . The p lates were th e rea f te r  in 
c u b a te d  u n t i l  the  op tim al fo rm ation  o f  th e  p rec ip ita tion  b a n d s .  The n u m b er  
o f  ban d s  so form ed was equal to  t h a t  observed  in the p re l im in a ry  gel diffusion 
analysis . These  bands lay  paralle l to  each o the r  betw een  th e  an tigen  troughs;  
th e  s t ronges t  line was n ex t  to  th e  an tigen  trough , while th e  o th e r  ones, which 
were  considerab ly  w eaker and  sho r te r ,  loca ted  fu r the r  aw ay  f rom  th e  antigen- 
co n ta in ing  t roughs . Comparison o f  th e  a r ran g em en t  of th e  p rec ip i ta t io n  lines
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w ith  th e  im m u noe lec trophore tic  p a t t e r n  showed th e  b a n d s  to  coincide w ith  
th e  m axim um  of th e  IgG  p rec ip ita t ion  arc.

Localization o f  p rec ip i t in s  was p a r t icu la r ly  d iff icu lt  in serum d isplaying 
w eak  precipitin  a c t iv i ty ,  as in these cases i t  needed severa l  a t te m p ts  to  observe 
even  an occasional f a in t  line. P re l im in a ry  concen tra t io n  b y  salting ou t  w ith  
am m onium  su lpha te  m a d e  it clear, however, t h a t  th e  precipitins m igra ted  
w ith  th e  IgG globulins.

P rec ip ita t ing  an t ib o d ie s  in the  an ti-T p  or an ti-C p  im m une  serum  of 
hypersensitized  ra b b i t s  showed th e  sam e e lec trophoretic  m obili ty  as those  
in th e  serum of th e  in fec ted  rab b i ts .  Those  sera w ith  fa ir ly  high an tibody  t i t r e  
(i.e. w ith  precipitin  t i t r e s  betw een  1 : 2 U and 1 : 2 14 on t i t ra t io n  w ith  stock 
T p E  or CpE an tigen  c o n ta in in g  15 m g p ro te in  p e r  ml) also produced  prec ip i
t a t io n  against th e  d if fe ren t  concen tra t io n s  of T p E  a n d  CpE  only a t  the  m a x i
m u m  of the  IgG arc. T h e  m o s t  in tense  an d  longest p rec ip i t in  h an d  was found  
n e x t  to  the  antigen  t ro u g h  and even w ith  im m u n e  sera  with the  h ighest 
p rec ip itin  t i t re  did n o t  e x te n d  over th e  en tire  a rea  of  IgG  m obili ty . A w ay from 
th e  antigen  t rough , 4 —5 m u ch  shorte r ,  para lle ly  a r ra n g e d  bands  of var iab le  
in ten s i ty  were so m etim es  formed.

Discussion

Ca m p b e l l  (1938) w as the f irs t  to  d em o n s tra te  t h a t  th e  infection of  r a b 
b its  w ith  Cysticercus p is i fo rm is  evokes h u m o ra l  an tibod ies  capable  of p ro d u c 
ing precip ita tion  w ith  t h e  antigenic  com ponen ts  o f  th e  pa ras i te .  The presence 
of  p rec ip ita ting  an tib o d ies  was subsequen tly  confirm ed b y  several serological 
m e thods  using d iffe ren t  antigenic  p rep a ra t io n s  (S i l v e r m a n , 1955, 1956; 
S h u l ’ts  and 1 SMAGiLOVA, 1965; N é m e t h , 1965), and  de ta iled  investiga tions 
have  been carried o u t  concern ing  the  dynam ics of  h u m o ra l  an tibody  p ro d u c 
tion  (Sh u l ’ts  and  I s m a g i l o v a , 1965; N é m e t h , 1971) as well as the  n u m b e r  
o f  an tigen -an tibody  sy s tem s  d em ons trab le  w ith  “ so m a t ic ”  and “ m etabo lic”  
an tigens  of the p a ra s i te  in th e  agar gel diffusion p re c ip i ta t io n  test  (N é m e t h , 
1971). In fo rm ation  has  b een  lacking, how ever, on th e  im m unoglobulin  classes 
to which the prec ip i t ins  p roduced  in response to  th e  invas ion  of T. p is iform is  
oncosphaeres belong. A n tibod ies  belonging to  d ifferen t im m unoglobulin  classes 
are know n to have d iss im ila r  biological properties  a n d  to  p lay  different roles 
in th e  various im m u n e  reac tions  (Co h e n  an d  P o r t e r , 1964; Co h e n  a n d  
M i l s t e i n , 1967; St a n w o r t h  and  P a r d o e , 1967). C onsequen tly ,  a more exac t  
defin ition  of im m une  p h en o m en a  elicited b y  th e  p a ra s i te  a n d  the cole p layed  
b y  th e  antibodies in t h e  defence m echan ism  of th e  h o s t  aga ins t  the  in vad ing  
oncosphaeres requires th e  d e te rm ina tion  of  th e  im m unoglobu lin  class(es) to  
which  the  antibodies in question  belong.
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T hree  im m unoglobu lin  classes are know n in the  ra b b i t :  IgG, IgM  a n d  
IgA. These possess a n u m b e r  of com m on physico-chem ical,  s t ru c tu ra l  an d  a n t i 
genic fea tu res  b u t  also ce r ta in  specifically ind iv idua l  p roperties ,  and  m a y  b e  
d istinguished by  the  s t ru c tu ra l ,  and  hence an tigenic , differences o f  th e ir  h e a v y  
po lypep tide  chains ( C o h e n  and  P o r t e r , 1964; C e b r a  a n d  R o b b i n s , 1966; 
C o h e n  and  M i l s t e i n , 1967; S t a n w o r t h  and  P a r d o e , 1967).

T here  are n um erous  reports  showing t h a t  the  an tibod ies  p roduced  b y  
rabb its  in response to  d iffe ren t  antigens m a y  belong to  any  o f the  th ree  im m u n o 
globulin classes, a l th o u g h  in any  p a r t ic u la r  s i tua t ion  one or th e  o th e r  class 
m ay  be p re d o m in a n t  in th e  serum , depend ing  on the  chem is try ,  physica l s ta te ,  
dosage and  m ode of a d m in is t ra t io n  of th e  antigens, as well as on several n o t  
clearly defined  factors (see for exam ple B a u e r  and  S t a v i t s k y . 1961; S v e h a g  

and M a n d e l , 1962, 1964; B a u e r  et ah , 1963; U h r  and F i n k e l s t e i n , 1963; 
B o r e l  et al., 1964; G r e y , 1964; O n o u e  e t  al., 1964; S h u l m a n  et al., 1964; 
S v e h a g , 1964; W e i d a n z  e t  al., 1964; B e n e d i c t , 1965; F r e e m a n  a n d  S t a 

v i t s k y , 1965; H o c k e r  a n d  B a u e r , 1965; R o b b i n s  et ah , 1965; S c h o e n b e r g  

et ah, 1965; A l t e m e i e r  e t  ah , 1966; O s l e r  et al., 1966; P i k e  e t  al., 1966; 
S a n d b e r g  an d  S t o l l a r , 1966; A r m s t r o n g  and  S w o r d , 1967; C a r t e r  a n d  
H a r r i s , 1967; P i k e , 1967; S a m l o f f  a n d  B a r n e t t , 1967; W e i  a n d  S t a 

v i t s k y , 1967).
A search of  the  ava ilab le  l i te ra tu re  has  tu rn e d  up no in v es t iga t ion  com 

parab le  w ith  th e  resu lts  o f  th e  p resen t  s tu d y ,  and  to  our b e s t  knowledge th e re  
is no rep o r t  concerning th e  im m unoglobu lin  classes w ith  which th e  an tibod ies  
p roduced  b y  rab b i ts  in response to  Taenia  an tigens are associated . E v en  w ith  
o the r  helm in th ic  an tigens  th e  re la tionsh ips  between im m unoglobu lins  and  th e  
antibodies induced  by  th e  pa ras i te  h av e  so far  been s tu d ied  in only  a few 
instances. M a u s s  (1941), on f rac t iona ting  th e  serum  of ra b b i ts  in fec ted  w ith  
Trichinella sp ira lis  by  am m o n iu m  su lp h a te  p rec ip i ta t ion  and  b y  u l t r a c e n tr i 
fugal separa tions ,  d e tec ted  com plem ent-f ix ing , p rec ip i ta t in g  and  p ro tec t iv e  
antibodies in th e  euglobulin  fraction , a l though  some an t ib o d y  a c t iv i ty  was 
also p resen t  in the  pseudoglobulin  frac tion . P recip itins  to  Trichinella  an t igens  
h ave  been  d e m o n s tra te d  in  th e  gam m a globulin ( W r i g h t  and  O l i v e r - G o n z a - 

l e z , 1943), beta-2 and  g am m a globulin ( B i g u e t  et al., 1965), IgG  globulin 
( L u p a s c o  e t  al., 1964; C r a n d a l l  an d  M o o r e , 1968), an d  also in th e  IgG  an d  
IgM globulins ( K w a n , 1971) fractions, while the  f luorescent antibodies  have  
been found  to  be associa ted  w ith  the  IgG  and  IgM globulins ( C r a n d a l l  et 
ah, 1967; S a d u n  et al., 1968). More recen tly ,  C r a n d a l l  an d  M o o r e  (1968) 
d em o n s tra ted  the  presence of  anti-T rich inella  an tibodies  of  all th ree  im m u n o 
globulin classes in th e  sera  of infected rab b i ts .  K w a n  (1971) suggested  t h a t  
the  b u lk  o f  precipitins are carried  b y  th e  IgG  globulins, w hereas p ro tec t ive  
antibodies are of the  IgM ty p e .

Fluorescent an tibod ies  in rab b i ts  in fec ted  w ith  D irofilaria  un iform is  a re
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associa ted  w ith  b o th  th e  IgG and  the  IgM globulins ( S a d u n  et al., 1967), 
w hile  the f loccula ting  an tibod ies  evoked b y  infection w ith  Schistosoma man- 
so n i w ith  IgG alone ( Z v a i f l e r  et al., 1967). G e y e r  (1965) d e m o n s t ra te d  th e  
p resence  of p rec ip i t ins  in b o th  th e  b e ta  an d  gam m a globulin frac tions of 
se ru m  from ra b b i ts  in jec ted  w ith  th e  f i lariform  la rvae  o f  Strongyloides p a p il-  
losus. Some au th o rs  suggest t h a t  h o m ocy to trop ic  an tibod ies  produced  by  r a b 
b i t s  in response to  he lm in th ic  infections belong  to  an  im m unoglobu lin  class 
o th e r  th a n  IgG a n d  IgM  ( S a d u n  et ah, 1967, 1968; Z v a i f l e r  et al., 1967).

On the  basis o f  th e  f indings p re sen ted  in th is  p ap e r ,  the  conclusion 
seem s to  be ju s t i f ied  t h a t  th e  ra b b i t  p roduces only prec ip i t ins  of the  IgG  ty p e  
d u r in g  the  im m une  response  to  invasion b y  T . p is ifo rm is  oncosphaeres. The 
p rec ip i t in  ac t iv i ty  of  th e  serum  and  th e  n u m b e r  of d e tec ted  an t ig en -an t ib o d y  
sys tem s showed considerab le  ind iv idua l  var ia t io n s ,  a p h enom enon  p re su m ab ly  
d u e  to  disparities  in th e  an im als ’ r e ac t iv i ty  and  possib ly  o the r  factors. H o w 
ever ,  irrespective of  such  discrepancies, the  se rum  pro te in  carry ing  precip itins  
p ro v ed  to  be of th e  IgG  globulin class a t  all stages of p r im a ry  and  secondary  
infection, w h e th e r  an iso tonic  saline e x t ra c t  of ad u l t  w orm s and  infective 
cysticerci or th e ir  “ m etab o l ic”  antigens were used to  d e m o n s tra te  th e  a n t i 
bodies.

Our results  are consis ten t  w i th  the  f ind ings of L u p a s c o  et al. (1964) who, 
likewise by  im m unoe lec trophore tic  m e th o d ,  localized th e  a n t i -Trichinella  p re 
c ip itins  in th e  IgG  globulin  f rac tion , G e y e r  (1965) in  co n tra s t ,  as n o ted  above, 
d e m o n s tra te d  p rec ip i t in s  w ith  th e  sam e techn ique  also in the  beta-g lobu lin  
zone of serum from ra b b i ts  artif icially  sensitized w ith  Strongyloides pap illosus  
la rvae .

A lthough, accord ing  to  th e  l i te ra tu re ,  an tibodies  o f  b o th  th e  IgG and 
IgM  classes can p roduce  p rec ip i ta t ion , those  of th e  IgG  ty p e  are m uch  more 
p o te n t  ( G r e y , 1964; S h u l m a n  et al., 1964; W e i d a n z  et al., 1964; B e n e d i c t , 

1965; M u l h o l l a n d  e t  al., 1965; O n o u e  et al., 1965; R o b b i n s  et al., 1965; 
L i n d q v i s t  and B a u e r , 1966; P i k e  et al., 1966; T a d a  and  I s h i z a k a , 1966; 
P i k e , 1967). H a d  d em o n s trab le  am o u n ts  of IgM -type  p recip itins  been  p resen t  
in  th e  sera te s ted ,  th e  im m unoe lec trophore tic  analyses aga ins t  th e  various 
an tigen  p repa ra t ions  w ould  have yielded doub le -h u m p ed  p rec ip i ta t io n  h an d s  
in  cases of identical,  a n d  crossing bands  in cases of  different, antigenic  specif
ic i ty .  However, no such  b ands  were observed , even when the  s trongly  p re 
c ip i ta t in g  serum  of a r t if ic ia lly  sensitized ra b b i ts  was analysed . P re su m ab ly  
IgM antibodies were e i the r  n o t  p roduced  a t  all or p roduced  only in am o u n ts  
below the  m in im u m  q u a n t i t y  dem onstrab le  b y  th e  m e th o d  employed. Clari
f ica t ion  of th is  p o in t  requ ires  fu r th e r  investiga tions.

A c k n o w l e d g e m e n t . T he  a u th o r  is m uch  in d eb ted  to Miss I lona H alasi for va luab le  
techn ica l  assistance.
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SUMMARY

R abbits, 6 —7 weeks old, weighing 700—900 g, were infected perorally w ith  500 eggs 
of T a e n i a  p i s i f o r m i s ,  and a group of them  was reinfected w ith 10,000 eggs 60 days later. 
Serum sam ples collected at frequent intervals were tested  for the presence o f precipitins 
by agar gel double diffusion technique using as antigen “ secretions and excretions” and 
whole saline extracts o f both T a e n i a  p i s i f o r m i s  and C y s t i c e r c u s  p i s i f o r m i s .

Sera of known precipitin activ ity  were subm itted to electrophoresis in  agar and sub
sequently  diffused against worm antigens, goat antiserum  to rabbit whole serum  or sheep 
antiserum  to rabbit globulins. W ith all sera precipitin lines developed against the antigenic  
preparations at the position of IgG globulins. It appears therefore, that the precipitating anti
bodies produced by rabbits in response to invasion by T a e n i a  p i s i f o r m i s  oncosphaeres are 
associated w ith  the IgG im m unoglobulin class.

REFERENCES

A l t e m e ie r , W. A., R o b b in s , J. B. and S m it h , R. T.: .). exp. Med. 124 (1966), 433. 
Ar m stro n g , A. S. and Sw o rd , C. P.: J . Im m unol. 98 (1967), 510. B a chm a nn , P. A.: Ver
suche zur Im m unizierung von Kaninchen gegen C y s t i c e r c u s  p i s i f o r m i s .  Thesis. Berlin. 1964. 
B a ck h a u sz , R .: Im m unodiffusion und Im m unoelektrophorese. Budapest, 1967. B a u e r , D. C. 
and St a v it s k y , A. B .: Proc. N at. Acad. Sei. 47 (1961), 1667. B a u e r , D. C., Ma t h ie s , M. J. 
and Sta v it s k y , A. B .: J. exp. Med. 117 (1963), 889. B e n e d ic t , A. A.: N ature 206 (1965), 
1368. B ig u e t , J., T ra n  Van  K y , P., M o sch etto , Y . and Gn am ey -K o f f y , D.: W iadom . 
Parazytol. 11 (1965), 299. B o r el , Y ., F a u c o n n e t , M. and Mie s c h e r , P. A.: Proc. Soc. exp. 
Biol. Med. 117 (1964), 603. Ca m pb el l , D. H.: J. Im m unol. 35 (1938), 205. Ca r t e r , B. G. 
and H a r r is , T. N.: Im m unology 12 (1967), 75. Ce b r a , J. J. and R o b b in s , J. B .: J . Im m unol. 
97 (1966), 12. Ch a s e , M. W. and W il l ia m s , C. A.: In: M ethods in Im m unology and Im m uno- 
chem istry. Vol. II. (Eds: C. A. W illia m s  and M. W . Ch a se), New York — London, 1968, 
249 — 282. Co h e n , S. and P o r ter , R . R .: Adv. in Im m unol. 7 (1967), 1. Cr a n d a l l , R . B ., 
Ce b r a , J. J. and Cr a n d a ll , C. A.: Im m unology 12 (1967), 147. Crandall , R . B. and Mo o r e ,
L. L . A ., Jr.: J . inf. D is. 118 (1968), 377. F r e e m a n , M. J. and Sta v itsk y , A. B.: J. Im m unol. 
95 (1965), 981. Ge y e r , Б.: Z. Parasitenkunde 25 (1965), 240. Gr e y , H. M.: Im m unology 7 
(1964), 82. H o c k e r , N. D. and B a u e r , D. C.: J. Im m unol. 95 (1965), 887. K e r r . К. В.: 
Am. J. H yg. 22 (1935), 169. I d e m : J. Parasit. 20 (1934), 328 (Suppl.). K w a n , C. K.: E xp. 
Parasit. 30 (1971), 82. L e o n a r d , A. B.: Am. J. H yg. 32 (1940), 117. L e o n a r d , A. B. and 
L e o n a r d , A. E.: J. Parasit. 27 (1941), 375. L ie b m a n n , H. and В осн, J.: Berl. und Münch, 
tierärztl. W schr., 1960, 123. L in d q v ist , K. and B a u e r , D . C.: Im m unoehem istry 3 (1966), 
373. L u pa sco , G., H a c ig , A., Solom on , P. and I a nco , L .: Arch, roumain, pathol. exp. et 
m icrobiol. 23 (1964), 877. Mauss , E. A.: Am . J. H yg. 34 (1941), 73. Mu lh o l l a n d , J. H ., 
W o lf , S. M., J a ck so n , A. L. and L a n d y , M.: J. CÍin. Invest. 44 (1965), 920. N é m e t h , I.: 
Zschr. f. Im m un, u. Allergief. 128 (1965), 468. I d e m : A cta vet. hung. 20 (1970), 69. I d e m : 
Ibidem  21 (1971), 319. O n o u e , К ., Y a g i, Y. and P r essm a n , D.: .1. Immunol. 92 (1964), 173. 
O n o u e , K ., T a n ig a k i, N ., Y a g i, Y . and P ressm a n , D.: Proc. Soc. exp. Biol. Med. 120 (1965), 
340. On o u e , K ., Y a g i, Y. and P ressm a n , D.: J. exp. Med. 123 (1966), 173. Os l e r , A. G., 
Mu l l ig a n , J. J ., Jr. and R o d r ig u ez , E.: J . Im m unol. 96 (1966), 334. P ik e , R. M.: Bact. 
R ev. 31 (1967), 157. P ik e , R. M., Sc h u l ze , M. L. and Ch a n d l e r , C. H.: J. Bacteriol. 92 
(1966), 880. R o b b in s , J. B ., K e n n y , К . and Su t e r , E.: J. exp. Med. 122 (1965), 385. Sa d u n , 
E. H ., D u x b u r y , R . E ., Go r e , R. W. and S t e c h s c h u l t e , D. J.: J. inf. Dis. 117 (1967), 317. 
Sa d u n , E. H ., Мота , I. and Go r e , R. W.: J. Parasit. 54 (1968), 814. Sa m l o ff , I. M. and 
B a r n e t t , E. V.: J. Im m unol. 98 (1967), 558. Sa n d b e r g , A. L. and Sto ll a r , B. D.: Im 
m unology 11 (1966), 547. Sc h o e n b e r g , M. D ., St a v it s k y , A. B ., Mo ore . R. D. and F r e e m a n ,
M. J . :  J .  exp. Med. 121 (1965), 577. Sh u lm a n , S., H u b l e r , L. and W it e b s k y , E.: Science 
145 (1964), 815. S il v er m a n , P. H.: Nature 176 (1955), 598. I d e m : Trans. R. Soc. Trop. Med. 
H yg. 50 (1956), 8. S im a , L: Állatorvosi Lapok, 1937, 1. Sta n w o rth , D. R. and P a r d o e , 
G. I.: In: H andbook o f Experim ental Im m unology (E d. D. M. W e ir ), Oxford —Edinburgh, 
1967, 134 — 328. St e l o s , P.: In: H andbook of Experim ental Im m unology (Ed.: D. M. W e ir ),

4 Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



376 NÉMETH

Oxford —Edinburgh, 1 967 ,3  — 9. Шульц, P. C. and Исмагилова, P. Г.: In: Паразиты и парази- 
тозы человека и животны х. Киев, 1965, 44 —64. Sv e h a g , S .-Е . and Ma n d e l , В.: Virology  
18 (1962), 508. I id e m : J. exp. Med. 119 (1964), 1. I id e m : Ibidem  119 (1964), 21. Sv e h a g , 
S.-E .: J. exp. Med. 119 (1964), 225. T a da , T. and I s h iz a k a , K.: J. Immunol. 96 (1966), 112. 
U h r , J. W. and F in k e l s t e in , M. S.: J. exp. Med. 117 (1963), 457. W e i , M. M. and St a v it s k y , 
A. B.: Im m unology 12 (1967), 431. W eid a n z , W . P ., J a c k so n , A. L. and L a n d y , M.: Proc. 
Soc. exp. Biol. Med. 116 (1964), 832. W r ig h t , G. G. and Ol iv e r -G onzález, J.: J. inf. Dis. 
72 (1943), 242. Zv a if l e r , N. J ., Sa d u n , E. H ., B e c k e r , E. L. and Sc h o e n b e c h l e r , M. J.: 
E xp. Parasit. 20 (1967), 278.

Address o f the author: Dr. István N é m e t h , 1581 B udapest, Pf. 18, Hungary

Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 22 (4), pp. 377—408 (1972)

IMMUNOLOGICAL STUDY OF RABBIT CYSTICERCOSIS

Y. CHARACTERIZATIO N OF T H E  A N T IB O D Y  R E SPO N SE  
TO E X P E R IM E N T A L  IN FEC TIO N W ITH  CYSTICERCUS PISIFO RM IS

(BLOCH, 1780)

By

I . N é m e t h

Veterinary Medical Research In stitu te  (Director: I). D er z sy ),
Hungarian Academ y o f Sciences, Budapest

(R eceived March 20, 1972)

Rabbits infected  w ith C y s t ic e r c u s  p i s i f o r m i s  (B loch, 1780), the larval form of T a e n i a  
p i s i f o r m i s  (Bloch, 1780) Gmelin, 1790 (Cestoda: Taeniidae), produce antibodies to the antigenic  
com ponents of both the adult and larval forms of the parasite. The presence of antibodies in  
the serum of infected  rabbits has so far been dem onstrated by ring precipitation (Ca m p b e l l , 
1938; Sh u l’ts and I sm agilova , 1965), larval precipitation (S il v e r m a n , 1955, 1956), agar 
gel diffusion precipitation (N é m e t h , 1965, 1971), com plem ent fixation  (Sh u l’ts and I sm a g i
lova , 1965 and indirect haem agglutination (Sh u l ’ts and I sm a g ilo va , 1965; N é m e t h , 1965).

The characteristics o f the humoral antibody response to invasions of the parasite are, 
however, largely unknow n, and no inform ation is ye t available on the class of antibodies 
produced in the course of the infection. Previous investigations have revealed that the onco- 
sphaeres o f T .  p i s i f o r m i s  induce a com plex precipitin response in rabbits. In serum sam ples 
collected at spaced intervals after the experim ental infections, four types o f antibodies o f 
different antigenic specificity  were dem onstrated by the agar gel diffusion precipitin te st  
using antigenic preparations from T .  p i s i f o r m i s  and C. p i s i f o r m i s  (N é m e t h , 1971). The im - 
m unoelectrophoretic analysis o f such precipitating rabbit sera w ith  polyspecific anti-rabbit 
im m une serum as w ell as both “ m etabolic” and “ som atic” antigens of T .  p i s i f o r m i s  and 
C. p i s i f o r m i s  revealed that precipitins belonging to the IgG im m unoglobulin class were pro
duced (N é m e t h , 1972).

In  a t t e m p ts  to  fu r th e r  characterize  th e  h u m o ra l  a n t ib o d y  response, a d d i 
t iona l  experim en ts  were carried  o u t  in w hich  th e  h e te rogene ity  and  sequence  
of  an t ib o d y  p ro d u c t io n s  as also th e  re la t ionsh ip  be tw een  im m unoglobulins  
and  antibodies  w ere  s tud ied  during  b o th  p r im a ry  and  secondary  infec tions 
w ith  C. p is ifo rm is . F o r  th is  purpose (i) se rum  samples were f rac t iona ted  b y  
sa l t  p rec ip i ta t ion ,  b y  p rep a ra t iv e  zone electrophoresis  in ag a r  and by  ion e x 
change c h ro m a to g ra p h y ,  and  th e  serum  frac tions  were th e n  exam ined  fo r  
th e  presence of  an tibod ies  b y  la rva l  p rec ip itin ,  agar gel diffusion p rec ip i ta t ion  
a n d  ind irec t h aem ag g lu t in a t io n s  te s ts ;  (ii) m e rc a p to e th an o l  sensitiv ity  of  th e  
antibodies was a ssayed ;  (iii) im m une  sera were produced  to  an tig en -an t ib o d y  
prec ip ita tes  m ad e  w ith  serum  of in fected  ra b b i ts  and  th e  an tigens of T . p i s i 
form is  and  C. p is ifo rm is , and  th e  types  of  th e  serum  p ro te in  co m ponen ts  
p rec ip i ta ted  b y  these  an ti-com plex  an tise ra  were th e n  identif ied  th ro u g h  
im m unoelectrophoresis  of pooled norm al r a b b i t  serum .

The resu lts  o f  these  studies are rep o r ted  in th e  p re sen t  paper.

4 * Acta Veterinaria Academiae Scientiarum Hungaricae 22, 1972
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M aterials and methods

Rabbits

W hite  N ew Z ea lan d  ra b b i ts  aged  5 — 7 weeks and  weighing 500— 1000 g 
were  used, k ep t  u n d e r  th e  conditions described  earlier ( N é m e t h , 1971).

A n tig en s

The p re p a ra t io n  o f  th e  ex tra c ts  o f  T . p is ifo rm is  (TpE) and  C. p is ifo rm is  
(CpE) used as an t ig en s  in th e  agar  gel diffusion p rec ip itin  te s t  has a lready  
b een  described ( N é m e t h , 1971). The a n t ig e n  employed for th e  ind irec t  haem - 
agg lu tina t ion  te s t  was p rep a red  from  T . p is ifo rm is  according to  L a n c e f i e l d ’s 

te chn ique  (1928) w i th  th e  m odif ica tion  o f  N é m e t h  (1965).

Taenia  p is ifo rm is  eggs

Eggs were iso la ted  from grav id  p rog lo tt id s  collected from artif ic ia lly  
in fec ted  dogs ( N é m e t h , 1970). The ra b b i t s  were infected by  in troduc ing  the  
requ ired  doses o f  eggs in 5 ml saline in to  th e  s tom ach  th ro u g h  a ru b b e r  tu b e  
f i t t e d  to  a syringe.

M igrating larvae

M igrating la rv a e  used  for the  in  vitro  la rva l  p recip itin  te s t  w ere ha rv es ted  
f rom  rabb its  in fec ted  w i th  500 T . p is ifo rm is  eggs. The an im als  were sacrificed 
b e tw een  days 24 a n d  30 following infection . Freely  m oving  y o ung  cysticerci 
were washed a w a y  f rom  th e  ab dom ina l  ca v i ty  of th e  sk inned  anim als w ith  
iso tonic  saline, collec ted  in a m easuring  cy linder and c leaned b y  5 or 6 su b 
seq u en t  d e can ta t io n s  in isotonic saline. A fte r  rem oval o f  the  las t  w ashing  
f lu id , the  la rvae  were placed in to  H a n k s ’ solution co n ta in ing  300 I .U ./m l 
crystall ine  penicillin a n d  0.2 m g/m l s t rep to m y c in ,  and u til ized  w ith in  24 hrs. 
S tr ic te s t  s te r i l i ty  w as n o t  observed, b u t  s terile  m ateria ls  a n d  equ ipm en ts  were 
u sed  th ro u g h o u t  th e  procedure .

M ature cysticerci

R abbits  a r t i f ic ia l ly  infected w ith  T . p is ifo rm is  eggs w'ere killed a f te r  the  
8 th  week of in fec tion . B ladderw orm s en cy s ted  on the  p e r i to n eu m  were ta k e n  
o u t  of the  ab d o m in a l  ca v i ty  to g e th e r  w i th  th e  ad jacen t  tissues, and  th e  la rvae  
w ere  released b y  carefu l  d is rup tion  of  th e  connective t issue  capsules in iso
to n ic  saline. D a m a g e d  cysticerci were p icked  ou t under  a stereoscopic m icro
scope a t  a 4- to  5-fold m agnifica tion , an d  discarded. A p p a re n t ly  in tac t  la rvae  
were washed b y  d e c a n ta t io n  in four or f ive  changes o f  37 to  38 °C isotonic
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saline and th e n  incuba ted  for 60 m inu tes  a t  38 °C in saline con ta in ing  300 I .U . 
crystall ine  penicillin and 0.2 m g s trep to m y c in  per ml. A f te r  th ree  subsequen t  
washings w ith  sterile saline th e  la rvae  were used on th e  d a y  of p rep a ra t io n .

Sera

The p rep a ra t io n  of an ti-T . p is ifo rm is  r a b b i t  im m u n e  serum  (an ti-T p),  
anti-C. p is ifo rm is  rabb it  im m u n e  serum  (anti-Cp), and  polyspecific  goa t  im 
m une serum  to ra b b i t  whole serum  (goat a n t i - rab b i t  se rum ) has a lready  been 
described ( N é m e t h , 1971, 1972). The following ad d i t iona l  sera were applied.

N orm al rabbit serum

A p p a re n t ly  h ea l th y  a d u l t  ra b b i ts  o f  3 —4 kg  were  b led  th ro u g h  the  
caro tid  a r te ry  in to  separa te  dishes an d  th e n  dissected. T h e  sera of p a tho log ic 
ally norm al anim als not in fected  w ith  C. p isifo rm is  were pooled an d  s tored 
a t  — 20 °C u n ti l  use.

Serum  o f  infected rabbits

Serum  was collected from ra b b i ts  artif icially  in fec ted  w ith  T. p is ifo rm is  
eggs. F o r ty  an im als  were each in fected  w ith  500 eggs, 10 anim als se rved  as 
un infected  controls. Ten ra b b i ts  in th e  infected group , th e  serum  of which 
produced  m ark ed  p rec ip i ta t ion  w ith  CpE in the  agar gel diffusion p recip itin  
te s t ,  were b led  on th e  30 th  d a y  following infection, w hile  15 anim als  were 
re infected  w ith  10,000 eggs on d ay  60. All th e  ex per im en ta l  ra b b i ts  were dis
sected  and  carefully  exam ined  to  eva lu a te  the  success o f  th e  in fections and 
to  de te rm ine  th e  cysticercus b u rd e n  of th e  infected group , as well as to  iden tify  
th e  occasional spon taneous  infections in th e  control group . Blood sam ples were 
d raw n from th e  m arg inal ear ve in  of all anim als a t  7— 10 d a y  in te rva ls  follow
ing  the  f irs t  infection. Sera were s to red  w ith o u t  p rese rv a t iv e  a t  — 20 °C u n ti l  
use. Serum sam ples collected a t  th e  sam e stage of infec tion  were pooled in 
equal p roportions  for salt f rac t iona tion ,  p repa ra t ive  electrophoresis  and  anion 
exchange ch rom atog raphy ,  w hereas  in d iv idua l  samples were used for all o the r  
analyses. The serum  of un in fec ted  anim als  served as controls .

Production o f  anti-bovine serum album in (a n t i -B S A )  and  an ti-hum an serum  
album in (a n ti-H S A )

R a b b i ts  weighing 3 to  4 kg were sensitized w ith  BSA* or HSA** in th e  
following m anner .

* P hylax ia , Veterinary B iologicals and Feedstuffs, B udapest, Hungary.
** “ H um an” Institute for Serobacteriological Production and Research, B udapest, 

Hungary.
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Aliquots o f  a so lu t ion  con ta in ing  10 mg a lbum in  were emulsified in equal 
vo lum es of com ple te  F r e u n d ’s ad juvan t*  and  in jec ted  subcu taneous ly  in to  
each  animal a t  m u lt ip le  sites in a to ta l  volum e of 2 ml. T he  sam e dose of  a n t i 
gen was adm in is te red  a m o n th  la te r  in incom plete  F r e u n d ’s ad ju v an t .  A fter  
a n o th e r  four weeks 20 m g  a lbum in  in so lution were given subcu taneously ,  and  
on the  next two d a y s  a fu r th e r  5 and 10 m g, respectively ,  wrere injected in to  
t h e  marginal ear ve in .  T h e  la s t  series of inocula tions was re p e a te d  after a week, 
a n d  the  animals were b led  9 or 10 days following the  last  in trav en o u s  injection. 
T h e  sera were s to red  a t  — 20 °C w ithou t  p re se rv a t iv e  u n t i l  use.

Production o f anti-rabbit IgG im m une serum

Sheep were sens i t ized  w ith  pure  ra b b i t  IgG. A liquots  o f  solution con
ta in in g  60 mg IgG w ere  emulsified with equa l  volum es of  com plete  F r e u n d ’s 
a d ju v a n t ,  and a d m in is te re d  subcu taneously  to  25 — 30 kg sheep on th ree  o cca 
sions a t  one-m onth  in te rv a ls .  F ou r  weeks a f te r  th e  th i rd  inoculation  50 mg 
IgG  were injected s u b c u ta n e o u s ly  th ree  t im es a t  f ive-day  in te rva ls .  Blood was 
d raw n  from the j u g u la r  vein 8 12 days a f te r  th e  last  inocu la tion . I f  necessary,
th e  sheep were resens itized  b y  subcu taneous  ad m in is t ra t io n  of IgG. The 
im m u n e  sera were p re se rv ed  by  0 .25%  phenol and 0 .0 1 %  m erth io la te ,  and  
s to red  at 4 °C.

Production o f anti-rabbit IgG  % Ig M  im m une serum

Sheep w7ere in je c te d  w ith  a BSA —  ra b b i t  an ti-B S A  an t ig en -an tibody  
p rec ip ita te  which w as p rep a red  as follows. T he  an ti-B S A  r a b b i t  serum, p re v i 
ously  decom [»lemented w ith  HSA — ra b b i t  an t i -H S A  an t ig en -an t ib o d y  p re 
c ip i ta te s ,  was m ixed  w i th  BSA to  equivalence. The m ix tu re  was incu b a ted  
for 2 hours a t 37 °C a n d  left  overn igh t a t  4 °€ .  The p rec ip i ta te  formed was 
cen tr ifuged  for 15 m in . a t  3000 revolutions p e r  m in u te  (r .p .m .)  and  th o rough ly  
w ashed  five or six  t im e s  w ith  2 — 4 °C isotonic saline in a to ta l  am oun t four 
t im es  the initial v o lu m e  of an ti-B SA  im m une  serum . E a c h  washing was fol
lowed by a 15-min. cen tr i fu g a t io n  a t  3000 r .p .m . A fter  th e  la s t  cen tr ifugation  
th e  precipita te  was su sp en d ed  in saline and  s to red  a t  4 °C u n t i l  use. A liquots 
o f  th e  precip ita te  w i th  a to ta l  protein  co n ten t  o f  60 mg were then  emulsified 
in complete F r e u n d ’s a d ju v a n t  and  adm in is te red  su b cu tan eo u s ly  to  sheep a t  
m ult ip le  sites. A m o n th  la te r  inoculation was re p ea ted  w ith  the  same dose. 
A f te r  another four w eeks th e  animals were in jec ted  in tram u scu la r ly  th ree  
t im es  a t  7-day in te rv a ls  w ith  an aliquot o f  th e  p rec ip i ta te  in a suspension 
con ta in ing  20 mg p ro te in .  Blood was d raw n from  the  ju g u la r  vein 8 12 days
a f te r  the  last in ocu la t ion .  I f  necessary, th e  sheep were resensitized . Im m u n e

* Difco Laboratories, D etroit, Michigan, U .S.A.
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s e r a  were p reserved  w ith  0 .25%  pheno l and  0 .01%  m erth io la te ,  and  s to red  
a t  4 °C. Im m unoe lec trophoretic  analysis  confirm ed th a t  th e y  p rec ip i ta ted  
on ly  IgG  and  IgM globulins.

Preparation o f  anti-rabbit Ig M  im m u n e  serum

This  an t ise ru m  was o b ta in ed  from th e  a n t i - r a b b i t  IgG  +  IgM sheep 
im m u n e  serum  b y  absorp tion  of  a n t i - Ig G  an tibodies  w ith  im m unochem ica lly  
p u re  ra b b i t  IgG insolubilized w ith  g lu ta ra ldehvde*  according to  th e  procedure 
of  A v r a m e a s  and T e r n y i v c k  (1969). A bsorp tion  w ith  fresh doses of  insolubil
ized IgG  was rep ea ted  un til  th e  d isappearance  of  all a n t i - Ig G  antibodies. 
Com pleteness  o f  absorp tion  was verif ied  by  th e  agar  gel diffusion precipitin  
t e s t ;  th e  serum  reac ted  only w i th  th e  IgM im m unoglobulin .

Preparation  o f  anti-com plex antisera

W h ite  L eghorn  cocks were sensitized w ith  a n t ig en -an t ib o d y  prec ip ita tes  
consis ting  of Taen ia  and  Cysticercus p is ifo rm is  an tigens and  th e  corresponding 
se ru m  antibodies.

T hree  d ifferent serum pools were  used for th e  p rep a ra t io n  of  the a n t i 
g e n -a n t ib o d y  complexes:

Pool I  : Pooled serum  of r a b b i t s  killed on d ay  30 of th e  p r im a ry  infection. 
T h e  haem ag g lu t in a t io n  (HA) t i t r e  was 1 : 128 and  th e  a n t ib o d y  pro te in  con
te n t ,  as d e te rm ined  b y  th e  q u a n t i t a t iv e  p rec ip i ta t ion  te s t ,  a m o u n te d  to  
0.19 mg/ml.

Pool I I  : Pooled serum  from ra b b i t s  killed 40 days af te r  th e  re infection: 
H A  t i t r e  1 : 2 048, an t ib o d y  p ro te in  co n ten t  0.96 mg/ml.

Pool I I I  : A n t i -Ср and  an t i -T p  ra b b i t  im m une  serum  m ixed  in equal 
vo lu m es :  H A  t i t r e  1 : 16,384, a n t ib o d y  pro te in  co n ten t  4.9 m g/m l.

T he  serum  pools were d e fa t te d  an d  decom plem ented  p rior  to  p repa ra t ion  
o f  th e  an t ig en -an t ib o d y  complexes. Tw o d ifferent w ays were used  for the  p re 
p a ra t io n :  (a) Two hu n d red  live, in fec tive  cysticerci were in c u b a te d  in 50 ml 
of  each  serum  pool for 4 hours a t  37 °C and  overn igh t  a t  4 °C. T he  cysticerci 
were  rem oved  n e x t  d ay  and  th e  p rec ip i ta te  was centr ifuged for 15 min. a t  
3000 r .p .m . th en  suspended in iso tonic  saline. A fter  adding  fresh cysticerci 
to  th e  serum , th e  procedure  was rep e a te d .  The prec ip i ta tes  o b ta in ed  in th is  
w a y  were collected, suspended in fou r  t im es the  original serum  volum e of cold 
iso tonic  saline and  centr ifuged for 15 m inu tes  a t  3000 r .p .m . This  w ashing 
p rocedure  was rep ea ted  five or six  tim es, d iscard ing  th e  s u p e rn a ta n t  each 
t im e .  A fter  the  las t  cen tr ifuga tion , th e  p rec ip i ta te  was suspended  in isotonic 
sa line  con ta in ing  0 .01%  m erth io la te ,  and  stored  at  4 °C u n t i l  use. (b) Live

* Reanal, Budapest.
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cysticerci were in c u b a te d  in the  serum  and  the  p rec ip i ta tes  form ed were col
lec ted  in the  same w a y  described in th e  foregoing. T p E  and  CpE an tigen ic  
solutions pooled in e q u a l  proportions were then  ad d ed  to  the  serum  a t  equ i
valence, and the  m ix tu re  was kep t  for 2 hours a t  37 °C and  overn igh t a t  4 °C. 
T h e  an tig en -an t ib o d y  p rec ip ita te s  ob ta ined  w ith  th e  two procedures  were 
pooled, thorough ly  w ash ed  and s tored as described in the  previous p a rag rap h .

A n tig en -an tibody  p rec ip ita te s  were p repa red  from  each serum  pool w ith  
b o th  th e  above tech n iq u es .  Three cocks were sensitized w ith  each ty p e  of th e  
complexes, as follows: A suspension of p rec ip i ta tes  con ta in ing  10 mg to ta l  
p ro te in  in complete F r e u n d ’s a d ju v a n t  was in jec ted  subcu taneous ly  a t  m ultip le  
sites twice at a o n e -m o n th  in terval.  F o u r  weeks a f te r  th e  second inocula tion , 
a liquots  of the p re c ip i ta te s  rep resen ting  5 mg p ro te in  were in jec ted  in t r a 
m uscularly  in isotonic saline th ree  t im es at  f ive-day  in tervals .  The cocks were 
exsangu ina ted  9— 12 d ay s  after  th e  la s t  injection. T h e  an ti-com plex  antisera  
were preserved w i th  0 .0 1 %  m erth io la te  and  0 .2 5 %  phenol, and  s tored  a t  
4 °C.

Serological methods

Ind irec t  h aem ag g lu t in a t io n ,  agar  gel diffusion precip itin  and  in vitro  
la rva l  p rec ip i ta t ion  te s ts  were em ployed  to d e tec t  th e  antibodies to  th e  a n t i 
gens of the  paras i te .

Indirect haem agglutination test ( IH A ) was carr ied  ou t w ith  ta n n e d  e ry 
th rocy tes  as described earlier ( N é m e t h , 1965). Before each exam ina tion  th e  
h aem agg lu tina tion  sy s tem  was checked by  te s t in g  four s ta n d a rd  sera w ith  
t i t re s  of 1 : 16, 1 : 256, 1 : 1024 an d  1 : 4096. R esu lts  were n o t  accep ted  
unless the  s ta n d a rd  sera  reacted  w ith  the  a n t ig e n - tre a te d  red  blood cells 
according to  th e ir  t i t r e  an d  the  requ is i te  controls were clear. F ro m  each te s t  
sam ple  serial two-fold dilu tions were m ade, beg inning  at 1 : 2, 1 : 3 and  1 : 5 
in itia l dilutions, a n d  th e  highest d ilu tion  still y ie ld ing  full haem ag g lu t in a t io n  
w as re g a rd e d  as th e  t i t r e  of reaction.

Agar gel d iffu sio n  precip ita tion  test w a s  c a r r i e d  o u t  b y  t h e  r a d i a l  d o u b l e  

d i f f u s i o n  m e t h o d  i n  1 .5%  a g a r  g e l *  d i s s o l v e d  i n  p h o s p h a t e - b u f f e r e d  s a l i n e  

(PB S: 0.01 M, p H  7.2) c o n t a i n i n g  0 .01%  m e r t h i o l a t e  a n d  0.003%  m e t h y l  

o r a n g e  ( N é m e t h . 1971).
In  vitro larval precip ita tion  test was perfo rm ed  w ith  young  cysticerci in 

agglu tination  tubes .  T h ree  or four la rvae  were p laced  in to  0 .3 —0.4 ml of th e  
te s t  sample and th e  tu b es  were k e p t  a t  37 °C for tw o hours  th e n  overn igh t  
a t  4 °C. Results w ere  read  under  a microscope a t  a b o u t  20- to  25-fold m agn if
ication. As controls , in  every  te s t  la rvae  were in c u b a te d  un d er  th e  same cond i
tions in PBS and  in  know n  positive a n d  negative  sera . The te s t  was considered

* Special A gar-N oble, Difco Laboratories, Detroit, M ichigan, U .S.A.
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as positive if  clearly  visible floccula tion  could be seen in  th e  sam ple an d  the  
controls were clear.

T h e  m e a n  t i t r e  v a l u e s  f o r  t h e  v a r i o u s  e x p e r i m e n t a l  g r o u p s  w e r e  c a l c u l a t 

e d  a f t e r  K Ü H N  ( 1 9 5 9 )  f r o m  t h e  t w o - b a s e  l o g a r i t h m s  o f  t h e  i n d i v i d u a l  t i t r e s .

M ercaptoethanol treatment

The te s t  sam ples were d ialysed a t  4 °C aga ins t  tw o  changes of  0.1 M 
2 -m ercap toe thano l (2-ME) for 48 hours, 0.01 M iodoace tam ide  for 24 hrs and 
several changes o f  P B S  (0.02 M, p H  7.5) for 48 hrs. T he  controls  were t r e a te d  
similarly , w ith  th e  only difference t h a t  isotonic saline was em ployed ins tead  
of 0.1 M 2-ME.

Im m unoelectrophoresis

Im m u n oe lec trophore tic  analyses were carried  ou t  in an 1 .5%  Difco Noble 
Agar gel buffe red  w ith  verona l  sodium -sodium  ace ta te -hyd roch lo r ic  ac id  
(pH  8.6, ionic s t re n g th  0.05) ( N é m e t h , 1972).

Preparative zone electrophoresis in agar gel

One per  cen t Difco Noble Agar, dissolved in verona l  sod ium -sod ium  
ace ta te-H C l buffe r  (pH  8.6, ionic s t r e n g th  0.05), was poured  onto  a 0 . 7 x 1 3 x 2 8  
cm plexiglass p la te  to  give a 6 m m  th ick  layer. The agar  was left to  congeal a t  
room te m p e ra tu re  and  the  agar  block was used for e lectrophoresis  a f te r  be ing  
k e p t  in a h u m id  cham ber  a t  4 °C for 20 hours. T hree  ml serum , p rev ious ly  
d ialysed w ith  th e  above buffer, was applied  in 1%  ag ar  in to  a 0 .5 x 1 5  cm  
tran sv e rsa l  t ro u g h  cu t  ou t  o f  the  agar  gel, 14 cm aw ay  from the  c a th o d a l  end 
of th e  b lock. The buffer  ta n k s  con ta ined  th e  same buffer  t h a t  was used for  
p rep a ra t io n  of  th e  gel. S a tu ra te d  p o tass ium  chloride so lution was laye red  over  
th e  p la t in u m  electrodes. C on tac t  be tw een  ou te r  and  inne r  buffer  ta n k s  was 
ensured b y  U -shaped  glass tu b e s  of  1.5 cm I .D .,  filled w ith  a m ix tu re  of  one 
p a r t  3 %  agar  an d  nine p a r ts  s a tu ra te d  po tass ium  chloride solutions in  d is ti l led  
w ater .  W h a tm a n -ЗММ filter pap e r  strips connected  the  inner ta n k  to  th e  agar 
block. E lec trophoresis  was carried  ou t un d er  a p o ten t ia l  g rad ien t o f  3.0 — 
3.5 V/cm, a t  room  te m p e ra tu re ,  for 20 hours. After  e lec trophoretic  separation,, 
th e  aga r  b lock  was cu t  into 1 cm tran sv ersa l  slices an d  each segm ent placed 
in a sepa ra te  tu b e .  The agar was th en  crushed  w ith  a glass rod, frozen a t  
— 20 °C, th a w e d  a t  room  te m p e ra tu re  and  spun  a t  10,000 r .p .m . for 20 m inu tes  
a t  4 °C. The sep a ra ted  f luid was f ina lly  concen tra ted  to  th e  original vo lu m e  
of th e  sam ple  b y  perv ap o ra t io n ,  dialysed aga ins t  P B S  (0.02 M, p H  7.5) con
ta in ing  0 .01%  m erth io la te ,  an d  s tored a t  4 °C until  use. The p ro te in  co n c e n tra 
tions o f  th e  frac tions were d e te rm ined  b y  Folin-Ciocalteu phenol reagen t
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Ion  exchange chromatography

The column c h ro m a to g ra p h ic  p rocedure  w ith  D E A E -S ep h ad ex  A-50* 
an io n  exchanger w as em ployed . The anion exchanger ,  swollen in Tris-HCl 
b u ffe r  (0.1 M, p H  7.0) con ta in in g  0.5 M NaCl and  equ il ib ra ted  w ith  0.1 M 
Tris-H C l buffer (p H  7.0), was pack ed  in to  a 2 X 20 cm colum n. After  runn ing  
tw o  bed volumes o f  s t a r t in g  buffe r  (0.1 M Tris-HCl, p H  7.0) th ro u g h  the  anion 
exchanger  bed, 5 m l se ru m  prev iously  m ixed  in equal p roport ions  and  dialysed 
w i th  the  same buffe r  for 24 hours  was applied  on to  th e  bed  surface. E lu tion  
o f  th e  bound p ro te in s  was achieved w ith  a sa lt  g rad ien t  linearly  increasing 
to  0.5 M NaCl in 0.1 M Tris-H C l buffer (p H  7.0). Flow ra te  was 0.3— 0.4 ml 
p e r  min. The e ff lu en t  was collected in 5-ml frac tions and  th e  pro te in  d is t r ib u 
t io n  was de te rm ined  b y  m easu ring  the  O.D. o f  th e  frac tions a t  280 n m  with 
a U nicam  SP-500 sp ec tro p h o to m e te r .  The collected frac tions were analysed 
w i th  an ti- rabb it  IgG  an d  a n t i - ra b b i t  IgM im m une  sera b y  m icro - im m uno
diffusion test,  and  th e  e luates  were pooled in to  four frac tions according to the 
location  of IgG and  IgM globulins and to  th e  peaks of  th e  elu tion  curve, as 
show n in Figs 5 a n d  6. T he  pooled fractions were then  co n cen tra ted  by  u l t r a 
f i l t ra t io n  to the or ig ina l  volum e o f the  sample, dia lysed ag a in s t  several changes 
o f  P B S  (0.02 M, p H  7.5), ana lysed  im m unoe lec trophore tica l ly  and  tes ted  for 
th e  presence of an tibod ies .

Sa lt fractionation

The serum sam p le  was d i lu ted  to  1 : 5 w ith  isotonic saline, and p rec ip 
i t a t e d  under c o n t in u o u s  s t ir r ing  b y  dropwise add it ion  o f  s a tu ra te d  am m o 
n iu m  sulphate in h a l f  th e  to ta l  volum e o f th e  d i lu ted  sam ple. The m ix tu re  was 
in c u b a te d  at  room  te m p e ra tu re  for 4 hours and  th e n  cen tr ifuged  a t  3000 r. p. m. 
for  15 m inutes. T h e  p re c ip i ta te  was washed  th ree  t im es in 4 0 %  sa tu ra te d  
am m o n iu m  su lp h a te ,  followed each tim e b y  a cen tr ifuga tion  a t  3000 r .p .m  
fo r  15 minutes. A f te r  th e  la s t  washing the  sed im en t was dissolved in two- 
th i r d s  the  original sam p le  vo lum e w ith  isotonic saline. The am m o n iu m  su lpha te  
h a v in g  been com ple te ly  rem oved  b y  dialysis aga ins t  several changes of saline, 
t h e  m ateria l  was d ia ly sed  ag a in s t  P B S  (0.02 M, p H  7.5) con ta in ing  0 .01%  
m erth io la te ,  and  f in a l ly  b ro u g h t  to  the  original volum e o f th e  sam ple with 
t h e  same buffer.

The s u p e rn a ta n t  o b ta in e d  following th e  sa lt ing  ou t  a n d  cen tr ifugation  
o f  euglobulins was d ia lysed  aga ins t  several changes of isotonic saline to  rem ove 
am m o n iu m  su lp h a te ,  co n c e n tra ted  by  id t ra f i l t ra t io n  to  th e  original volume 
o f  th e  serum, and  f in a l ly  d ialysed aga ins t  P B S  (0.02 M, p H  7.5) conta in ing  
0 .0 1 %  m erthiolate .

* Pharmacia F ine Chemicals A B , Uppsala, Sweden.
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P urifica tion  o f  rabbit IgG globulin

R a b b i t  IgG  was p repa red  from pooled no rm a l  ra b b i t  serum  by  b a tc h  
separa t ion  on D E A E -S e p h a d e x  A-50 anion exchanger.  The d ry  anion ex 
changer  was swollen in Tris-H Cl buffer (0.1 M, p H  7.0) con ta in ing  0.5 M NaCl, 
equ il ib ra ted  by  d e c a n ta t io n  in Tris-HCl buffer  (0.1 M, p H  7.0), then  th e  buffer  
was rem oved  from  th e  ion exchanger b y  suc tion  on a B üchner  funnel. Two 
h u n d red  g of th e  w e t anion exchanger was suspended  in 500 ml serum  d ilu ted  
w ith  an  equal vo lu m e  of Tris-HCl buffer (0.1 M, p H  7.0), and  the  m ix tu re  was 
in cu b a ted  a t  4 °C for 60 m inutes  w ith  occasional ag ita t ions .  The s lurry  was 
th e n  fil te red  on a B ü ch n e r  funnel and  th e  cake was w ashed  four times in 130-ml 
portions of  buffer , suck ing  off the  fluid each tim e . The f i l t ra te s  were pooled, 
and th e  whole p ro ced u re  was repea ted  w ith  a new  port ion  of fresh ion e x 
changer. F ina lly  th e  f i l t r a te  was concen tra ted  b y  u l t ra f i l t ra t io n  to  a p ro te in  
con ten t  of 30—40 m g per  ml, dialysed aga ins t  several changes of P B S  (0.02 M, 
p H  7.5) con ta in in g  0 .01%  m erth io la te ,  and  s to red  a t  4 °C. As revealed  by  
im m unoe lec trophore tic  analysis with polyspecific  a n t i - ra b b i t  goat im m une  
serum , the  m a te r ia l  o b ta ined  was pure IgG  globulin.

Pro te ins  b o u n d  by  the  ion exchanger were desorbed  w ith  2 M NaCl so lu
t ion ;  the  ion e x ch an g e r  was re-used a f te r  equ il ib ra t ion  w ith  0.1 M Tris-HCl 
buffer (pH  7.0).

P urifica tion  o f  rabbit Ig M  globulin

T h ir ty  ml r a b b i t  serum  was d i lu ted  to  300 ml and  dialysed against 
phospha te  buffe r  (0.02 M, p H  6.0) a t  room  te m p e ra tu re  for 2 hours u n d e r  
continuous m ag n e t ic  s tirr ing . The buffer  was th e n  changed  and th e  dialysis 
con tinued  for a n o th e r  4 hours. The w hite  p rec ip i ta te  form ed was cen tr ifuged  
for 15 min. a t  3000 r .p .m .,  dissolved in 5 m l of  5 %  sa lt  solution and  c e n t r i 
fuged once m ore to  rem ove any  insoluble m a te r ia l .  The clear s u p e rn a ta n t  was 
layered  on top  o f  a 2 X 100 cm Sephadex  G-200 gel colum n p rep a red  and  eq u i
l ib ra ted  in 0.1 M Tris-H C l (pH  8.0) -)- 0.2 M NaCl buffe r  according to  B o r s o s  

and  R a p p  (1965).
F ra c t io n a t io n  was carried  out a t  room  te m p e ra tu re  w ith  an e luan t  flow 

ra te  of 15 in l/hour. T h e  e lua te  was collected in 3-ml frac tions, and  the  p ro te in  
d is tr ibu tion  was d e te rm in ed  b y  m easuring th e  O.D. of  th e  fractions a t  280 nm  
w ith  a U nicam  SP-500 spec tropho tom eter .  T he  eluates  were te s ted  b y  im m u n o 
diffusion using a n t i - Ig G  and  anti-IgM  im m u n e  sera, an d  the  fractions c o n ta in 
ing IgM globulin in  th e  ascending ha lf  o f  th e  f irs t  elu tion  peak were pooled 
and  co n cen tra ted  b y  u ltra f i l t ra t io n .  P u r i ty  o f  th e  iso la ted  IgM was verified  
b y  im m unoelec trophores is  w ith  polyspecific a n t i - r a b b i t  goat im m une  serum . 
Occasional c o n ta m in a t in g  a lpha  macroglobulins were rem oved  th ro u g h  aga r  
block zone e lectrophoresis .
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D efatting  o f  sera

Serum  used for ion exchange ch ro m a to g ra p h y  and for th e  p ro duc tion  
of  a n t ig e n -a n t ib o d y  complexes and  also all im m une  sera em ployed  in th e  
im m unodiffus ion  analyses were d e fa t te d  as follows: 0.2 to  0.4 g Aerosil 380 
pow der*  was suspended  in 10 ml se ru m , s t ir red  con tinuously  for 4 hours  at 
room  te m p e ra tu re  and  centr ifuged th e re a f te r  a t  10,000 r .p .m . for 20 m inu tes  
a t  4 °C.

D ecom plem entation o f  serum

S erum  em ployed for the  p re p a ra t io n  of  an t ig en -an t ib o d y  com plexes was 
deco m p lem en ted  by  m eans of a H S A  —  an ti-H S A  an t ig en -an t ib o d y  sys tem . 
E ig h t  ml an ti-H SA  r a b b i t  serum (60 m g  a n t ib o d y  protein) and  an eq u iva len t  
a m o u n t  of  HSA (6.7 mg) were added  to  100 ml o f  p reviously  d e fa t te d  serum , 
k e p t  for 2 hours a t  37 °€  and  th en  o vern igh t  a t 4 °C. The p rec ip i ta te  was 
cen tr ifuged  and  discarded  n ex t  day . T h e  p rocedure  was re p ea ted  in th e  same 
w ay .

D eterm ination o f  antibody content

T he an tibody  p ro te in  co n ten t  o f  se rum  samples was de te rm in ed  b y  the 
q u a n t i t a t iv e  p rec ip i ta t ion  m e thod  o f  D é v é n y i  and  G e r g e l y  (1963), using 
th e  b iu re t  reaction to  m easure  th e  p ro te in  con ten t  o f  the  im m u n e  p rec ip ita te s .

U ltrafiltra tion

T h is w as carried out b y  n eg a tiv e  pressure d ia lysis at ab ou t 5 0 — 100 m m  
H g , u sin g  8 DC d ia lysis  tub ing**  (Cr a ig , 1968).

D eterm ination o f  proteins

P ro te in  de te rm ina tions  were m ad e  w ith  the  Folin-Ciocalteu pheno l re 
ag en t***  and  the  b iu re t  reaction , as described by  C h a s e  and W i l l i a m s  ( 1 9 6 8 ) .

Results

A u to p sy

As revealed b y  P.M. ex am in a t io n  100 days af te r  th e  f i rs t  infection , 
n e i th e r  cysticerci nor a n y  signs of  a cysticercal infection were d e tec ted  in the  
con tro l  anim als, while all rabb its  in fec ted  w ith  T. p isifo rm is  eggs h a rboured

* Degussa, Baden, W est Germany.
** U nion Carbide Corporation, Chicago, U .S.A .
*** Fisher Scientific Co., Fair Lawn, N ew  Yersey, U .S.A .
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a g rea t  n u m b er  of  cysticerci. An average  of  211 cysticerci (range: 7 8 —377) 
w ere  recovered from  the  ra b b i ts  receiving a single infection  and  397 (range: 
142— 438) from those  which were re infected  on d ay  60 o f  th e  experim ent.  In 
th e  f i rs t  group of animals m a tu re  cysticerci w ith  fully developed scolices were 
en capsu la ted  a t  th e ir  u l t im a te  site, m ostly  on th e  o m e n tu m  and u n d e r  th e  
pelvic  per itoneum . Besides th e  encysted  b ladderw orins , still m igra ting  y o u n g  
la rv a e  were, however, also found  in th e  abdom ina l  c av i ty  of  th e  animals in th e  
re in fec ted  group. These la rvae  h a d  obviously  developed from  th e  oncosphaeres 
in tro d u c e d  a t  re infection, as th e y  were considerab ly  sm aller  in size and  a p p a r 
e n t ly  less m a tu re  th a n  th e  e n cap su la ted  cysticerci.

The n a tu re  of  the gross h e p a t ic  lesions verified th is  observation . N am ely , 
in th e  liver of anim als  which h a d  undergone  a single infection , only signs of 
th e  finished re p a ra t io n  of t issue dam age  caused by  preceding  larval m ig ra t ion  
were found, in th e  form of to r tu o u s ,  th read l ik e  cicatrices, l inear p a t te rn s  and  
m ore  or less ex tensive  p a tch es  o f  f ib rous th icken ing  in th e  liver capsule, 
w hereas  th e  liver o f  rab b i ts  re in fec ted  on d a y  60 disp layed , in add ition , ye l
lowish-white or yellowisli-grey tu nne ls  o f  2— 3 m m  w id th ,  criss-crossing the  
l iver  p a ren ch y m a and  still in  th e  stage  of repa ra t ion .  T h e  occurrence of these  
tu n n e ls  could be a t t r ib u te d  u n equ ivoca lly  to  the  paras i tes  deriving from  th e  
oncosphaeres in tro d u ced  a t  th e  second infection.

A ntibody responses to experim ental infection w ith  C. pisiformis 

D ynam ics o f  the haem agglutinin response

H aem ag g lu t in a t in g  (HA) an tibod ies  ap peared  in th e  se rum  during  th e  
f irs t  week of infection: a lread y  on d ay  7 th e  se rum  of all rab b i ts  con ta ined ,  
th o u g h  only in small am o u n ts ,  H A  an tibodies  to  an average  t i t re  o f  1 : 5.9 
(range :  1 : 2— 1 : 16). F ro m  d a y  7 onw ards all serum  sam ples  te s ted  co n ta ined  
a d e tec tab le  a m o u n t  of  H A  an tibod ies .  The dynam ics  o f  H A  an t ib o d y  p ro 
d u c t io n  in response to  p r im a ry  infection is shown in Fig. 1, where m ean  t i t re s  
ind iv idua lly  assayed  in th e  se ru m  of 10 anim als a t  spaced  in tervals  are p re 
sen ted .  The am o u n t  of H A  an tibod ies  increased s tead ily  from the  f irs t  week 
of th e  infection and  reached  a p eak  t i t r e  o f  1 : 512 (range: 1 : 128—1 : 1024) 
b y  d a y  50. This was followed b y  a slight decline so t h a t  b y  th e  end of th e  ex 
pe r im en t ,  100 days af te r  th e  f irs t  infection, th e  sera h a em ag g lu t in a ted  to  
a m ean  t i t re  o f  1 : 208 (range: 1 : 64— 1 : 512).

The haem agglu tin in  response to  th e  secondary  infection is d e m o n s t ra te d  
in  Fig. 2, which represen ts  th e  average  of  H A  ti tre s  in th e  serum  of 15 rab b i ts .  
As can be seen from the  f igure , th e  H A  t i t r e  increased rem ark ab ly  following 
th e  challenge infection w ith  10,000 eggs on d ay  60, th e  m ean  t i t re  am o u n tin g
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to  1 : 3743 (range: 1 : 1024— 1 : 8192) b y  th e  100th d ay  o f  th e  experim en t 
(40 d ay s  after re in fec t ion) .  This is rough ly  e igh t  times h igher  th a n  th e  grea tes t  
m e a n  t i t r e  observed in  response to  p r im a ry  infection, a n d  ab o u t  eighteen 
t im es  as m uch as th e  average  t i t re  found  on th e  same d a y  in  th e  se rum  of 
r a b b i t s  infected once on ly .

Fig. 1. Antibody pattern in  serum of rabbits after a single infection w ith  500 T. pisiformis  
eggs. —  m ean H A  titre; m ean precipitin titre. In fection  at day 0.

Fig. 2. Antibody pattern in  serum of rabbits infected  first with 500 and later w ith 10,000
T. p is i form is  e g g s . ----- m ean HA titre; m ean precipitin titre. Arrows indicate

tim e of infections

D ynam ics o f  the p re c ip itin  response

P rec ip ita t ing  an t ib o d ie s  were f irs t  d e m o n s tra te d  on th e  second week of 
th e  p r im a ry  infection. O n d ay  14, sam ples from  11 of the  25 rab b i ts  produced 
p rec ip i t in  lines w ith  C p E  in agar gel; on d a y  20, samples from  16; and from 
day  30 onwards, th e  sam ples  of all an im als .
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As is shown in Figs 1 and 2, th e  overall p a t te rn  o f  th e  m ean  prec ip i t in  
t i t r e  was sim ilar  to  t h a t  of m ean  H A  ti t re .  The ave rage  precip itin  t i t re s  in 
b o th  infection groups, however, were 2.8 to  5.3 ex p o n en ts  lower th ro u g h o u t  
th e  experim ent th a n  th e  average  H A  t i t re s  for the  sam e samples.

The m ean  precip itin  t i t r e  also showed an increase following re in fec tion , 
and  by  the  end of the  ex per im en t (40 d ay s  after reinfection) the  a n t ib o d y  levels 
h a d  risen g radua lly  to  a t i t re  3 to  3.5 t im es higher t h a n  th e  m a x im u m  m ean  
t i t r e  found in response to  p r im a ry  infection. On d ay  100 serum  sam ples  from 
re infected  ra b b i ts  p rec ip i ta ted  to  an average t i t re  o f  1 : 117 (range: 1 : 32— 
1 : 512), while those  from once-infected  rabb its  gave an  average t i t r e  as low 
as 1 : 5.3 (range: 1 : 2 — 1 : 16). M oreover, serum collected  a f te r  re in fec t ion  
developed denser precip itin  lines and  conta ined  p recip itins  to  a wider sp ec tru m  
o f  antigenic com ponen ts  th a n  sam ples  from the p r im a ry  infection. T h u s ,  in 
th e  agar gel diffusion precipitin  te s t  w ith  CpE as an tigen ,  usually  th ree  lines, 
an d  occasionally  even four, were fo rm ed  by  serum from  re infected  ra b b i t s ,  
whereas w ith  samples ob ta ined  from  rab b i ts  after  th e  p r im ary  in fec t ion  a 
single line preva iled , and  a t  m os t  tw o  developed.

A ntibody activity  o f  sera fro m  hyper sensitized rabbits

R ab b its  artif ic ia lly  sensitized w ith  hom ogenates a n d  whole e x t r a c ts  of 
T . p is ifo rm is  or C. p is ifo rm is  p ro d u ced  a large q u a n t i ty  of an tibod ies .  The 
H A  titres  o f  b o th  an ti-T p  an d  an ti-C p sera varied be tw een  1 : 2U a n d  1 : 218. 
These sera form ed 6 to  9 m ark ed  p rec ip i t in  bands on reac tion  w ith  T p E  or 
CpE in the aga r  gel diffusion p rec ip i t in  tes t .

Characterization o f  im m unoglobulins in  serum from  p r im a ry  and secondary  
infections and in  serum  o f  a rtific ia lly  sensitized rabbits

Sa lt fractionation

Serum sam ples were sep a ra ted  in to  two frac t ions  b y  sa lt ing  o u t  the  
euglobulins w ith  “ one- th ird ” s a tu ra te d  am m onium  su lp h a te .  The s e p a ra te d  
fractions were analysed  b y  im m unodiffusion  and im m unoelec trophores is ,  
using a polyspecific goat an t ise ru m  to  ra b b i t  serum p ro te in s  and m onospecific  
an ti- IgG  and  an ti-IgM  im m une sera, an d  then  tes ted  for  antibodies. T h e  p re 
c ip i ta ted  euglobulin  frac tion  co n ta ined ,  in addition  to  im m unoglobulins ,  
2—4 serum  pro te in  com ponen ts  w ith  b e ta  and a lpha m ob il i ty .  In  m ost  o f  the  
su p e rn a ta n ts  n e i the r  IgG  no r  IgM globulins were de tec ted ,  though  IgG  g lobu 
lins were som etim es p resen t  in tra c e  am ounts .

Results  ob ta ined  w ith  th e  va r ious  serological te s ts  are p resen ted  in 
Table  I. U n frac t io n a ted  sera gave positive  reactions in b o th  the  aga r  gel dif
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fusion  precipitin a n d  I H A  te s ts  and also p ro d u ced  clearly visible precipita tes 
w i th  live cysticerci. W i th  only  slight differences, the  euglobulin  fractions p ro 
d u c e d  the  same reac t io n s  as th e  original whole sera, w hereas  su p e rn a tan ts  
w e re  negative in each  te s t  on all occasions.
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F ig .  3. Preparative zone electrophoresis in agar gel o f  rabbit serum containing antibodies 
to Taenia  and Cysticercus p is i form is  antigens. Top: serum  collected on day 40 of primary 
in fectio n  (HA titre 1 : 256). Middle: serum collected 40 days after reinfection (HA titre
1 : 2048). Bottom: anti-Tp hyperim m une rabbit serum (H A  titre 1 : 16,384). ---------- protein

distribution; ............  H A  titre. Arrow indicates point of sam ple application

Fractionation o f  serum  by preparative zone electrophoresis in  agar

Serum samples f ro m  th e  rabb its  were sep a ra ted  in to  25 fractions. The 
Ig G  a n d  IgM globulins were loca ted  in th e  e lec tro p h o re to g ram  b y  checking 
th e  ind iv idual f rac t ions  ag a ins t  monospecific an ti- IgG  and  an ti- IgM  im m une 
s e ra  using the m icro-im m unodiffusion  tech n iq u e .  E ach  frac t ion  was th en  
t e s t e d  by  IH A  tes t  for t h e  presence of an tibodies . The results  o f  such investiga
t io n s  w ith  three d if fe ren t  pooled sera are i l lu s tra ted  in F ig . 3.
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Serum  collected  from  th e  p r im a ry  in fec tion  exh ib ited  a single peak  of 
a n t ib o d y  ac t iv i ty  loca ted  in th e  region of s low-m igra ting  IgG. The m ax im u m  
levels o f  H A  an t ib o d ie s  coincided with  the  p eak  of IgG globulin. A n tib o d y  
ac t iv i ty  was never  d e tec ted  in the  region o f IgM  globulins (see Fig. 3, top) .  
The sam e results  were  achieved w he the r  se rum  from  early or la te  stages of  th e  
p r im a ry  infection w as exam ined.

In  th e  se rum  sam ples collected on days  20, 30 and 40 a f te r  reinfection, 
on th e  o th e r  h a n d ,  an tibod ies  were d e m o n s t ra te d  over a lm ost th e  entire range

Table I
Results o f serological tests with serum fractious separated 

by ammonium sulphate precipitation

Days after

pri- secon- 
mary dary

infection

Whole serum Euglobulin Supernatant

HA
titre

pre
cipitin 
titre+

lppt* HA
titre

pre
cipitin 
titre+

lppt* HA
titre

pre
cipitin 
titre +

ippt*

20 64 4 4- 64 4 -L 0 0 —

40 384 24 + 256 16 + 0 0 —

60 512 32 + 512 32 + 0 0 —

80 256 16 + 192 8 + 0 0 —

100 192 8 + 128 6 + 0 0 —

10 512 32 -j- 256 16 + 0 0 —

20 1024 64 1024 64 + 0 0 —

30 2048 128 + 2048 96 + 0 0 —

40 2560 128 + 2048 128 + 0 0 —

+ Determined by titration in agar gel diffusion precipitation test 
* In vitro larval precipitation test: +  =  positive; — =  negative reaction

of IgG m obil i ty  o f  th e  e lec trophoretogram s. I n  these  cases th e  an t ib o d y  a c t iv 
i ty  was rep re sen ted  b y  two peaks, th e  larger o f  w hich  corresponded  to  the  p eak  
of th e  s low -m ig ra t ing  IgG, while the  sm aller  one ex tended  to  th e  region of 
th e  fa s t-m ig ra t in g  Ig G  and  coincided w ith  th e  position of IgM globulin (see 
Fig. 3, middle). T h is  d is tr ibu tion  was especially  pronounced  w hen  an ti-Tp  or 
anti-Cp im m une  se ru m  of fairly  high a n t ib o d y  t i t re  was f rac t io n a ted  (see 
Fig. 3, bo tto m ).

In  add i t io n a l  experim en ts  the  25 in d iv idua l  fractions were com bined 
in to  th ree  pooled frac t ions  according to  th e  d is tr ibu tion  of  IgG and IgM 
globulins am ong th e  in d iv idua l  fractions. F ra c t io n  pool 1 was ob ta ined  from  
frac tions con ta in ing  exclusively IgG globulin (fractions 1— 7 or 8); f rac tion  
pool 2 was m ade from  fractions th a t  coincided w ith  the  region of IgM globulin
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and  the  fast-m oving  IgG  globulins (frac tions  8 or 9 —16); while f rac t io n  pool 
3 con ta ined  the  rem a in in g  fractions (frac tions 17— 25). The pooled m ater ia ls  
were co ncen tra ted  by  pe rv ap o ra t io n  to  tw o-th irds  of  the original serum  
vo lum e, dialysed ag a in s t  PB S (0.02 M. p H  7.5) con ta in ing  0 .01%  m erth io la te ,  
th e n  analysed im m unoe lec trophore tica l ly  and f ina lly  te s ted  for an tibod ies .

Im m unoe lec trophore tic  analyses aga ins t  polyspecific  goat a n t i - ra b b i t  
se rum  as well as a n t i - r a b b i t  IgG % IgM  im m une serum  (Fig. 4) show ed th a t

Fig. 4. Im m unoelectrophoretic analysis o f serum  protein fractions separated by preparative 
zone electrophoresis in agar gel. 1, whole serum ; 2, 3 and 4, separated fraction pools 1, 2 
and 3, respectively. Precipitin bands developed w ith  goat antiserum  to rabbit whole serum (A) 

and w ith  anti-rabbit IgG  -)- IgM immune serum (B)

frac t ion  pool 1 co n ta in ed  only s low -m igra ting  IgG globulins; frac t ion  pool 
2 com prised fa s t-m ig ra t in g  IgG globulins, IgM globulins as well as o th e r  be ta -  
a n d  a lpha-globulins; while fraction pool 3 consisted of  a lbum in  and  a lpha- 
globulins.

A ntibodies were d e tec ted  serologically  only in fraction pools 1 a n d  2 
(Table I I) .  W hen  serum  samples from  a n y  stage of th e  p r im ary  in fec tion  were 
f rac t io n a ted ,  f rac tion  pool 1 con ta ined  th e  entire a n t ib o d y  ac t iv i ty  recovered , 
w hereas  when serum  sam ples o b ta in ed  from the  secondary  in fec tion  were
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in v es tig a ted , an tib o d ies  were also d e m o n s tra te d  in frac tio n  pool 2 b y  all of 
th e  serological m ethods used. In  th e  la t te r  cases, frac tion  pool 1, w hich w as 
im m u n o clec tro p h o re tica lly  pu re  IgG  g lobu lin , con ta ined  70— 80%  of th e  to ta l  
a n tib o d y  a c tiv ity  recovered . A n tib o d ies  p resen t in frac tio n  pool 1 w ere re s is t
a n t to  red u c tio n  w ith  2 -m ercap to e th an o l, w hereas th e  a n tib o d y  a c tiv ity  of 
frac tio n  pool 2 w as considerab ly  red u ced  b y  th is  t re a tm e n t.

Table II

Results o f serological tests w ith serum protein fractions separated  
by preparative zone electrophoresis in agar

Days after F

HA
titre

raction pool

pre
cipitin 
titre +

1

lppt*

Fraction pool 2

ippt*

Fraction pool

lppt*

pri
mary

secon
dary HA

titre
pre

cipitin 
titre +

HA
titre

pre
cipitin 
titre+infection

20 32 2 0 0 — 0 0 —

30 96 4 + 0 0 — 0 0 —

40 256 32 + 0 0 — 0 0 —

60 320 32 0 0 - 0 0 —

80 128 16 0 0 — 0 0 -

100 64 4 0 0 0 0 —

20 256 32 196 8 ± 0 0 0

30 512 64 4- 192 16 ± 0 0 0

40 512 64 128 32 ± 0 0 0

+ Determined by titration in agar gel diffusion precipitation test
* In vitro larval precipitation test: +  =  positive; — — negative reaction

Fractionation o f  serum by D E  A  E - Sephadex A -50  anion exchange 
chromatography

R e p resen ta tiv e  resu lts  for th e  ch ro m ato g rap h ic  fra c tio n a tio n  o f sera  on 
D E A E -S ep h ad ex  A-50 anion ex ch an g er are p resen ted  in F igs 5 and  6. As 
revealed  by  im m unodiffusion  analyses w ith  m onospecific an ti-Ig G  and  a n ti-  
IgM  im m une serum , th e  IgG  g lobulins w ere p re sen t th ro u g h  a b o u t 80— 9 0%  
of th e  ch ro m ato g ram  effluen t, л\7Ы1е th e  IgM  globulins w ere e lu ted  in  th e  f ra c 
tio n s betw een  58— 94%  of th e  e lu tio n  volum e.

G rad ien t e lu tion  of pooled  serum  p e rm itte d  th e  se p a ra tio n  o f serum  
com ponen ts in to  four frac tions. Im m u n o e lec tro p h o re tic  analyses ag a in s t g o a t 
a n ti- ra b b it  serum  and  a n ti- ra b b it  IgG  -I- IgM  im m une serum  d e m o n s tra te d  
(F igs 5 and  6) th a t  frac tio n  1 w as p u re  IgG  globulin . T his fra c tio n  co n ta in ed
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100 2 0 0  300
Elution volume ml 
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Fig. 5. Fractionation o f serum  from rabbits infected w ith  C. p is iform is  by anion exchange  
colum n chromatography on D E A E -Sephadex A-50.

Graph: column chrom atogram  showing distribution of HA antibodies in a serum sample 
(H A  titre 1 : 256) collected on day 30 of prim ary infection. The H A titres o f the fractions

are represented by the colums. ----  protein distribution.
Im m unoelectrophoresis: w ell numbers indicate fraction numbers. Precipitin bands developed  
w ith  goat antiserum to  rabbit whole serum (A) and anti-rabbit IgG IgM im m une

serum (B)
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m ost of  th e  IgG  globulins and  was e lu ted  in th e  f irs t  peak of the  c h ro m a to 
gram . F ra c t io n  2 com prised  be ta -g lobulins  as well as th e  IgG globulins e lu ted  
in th e  second  p eak  of th e  elu tion  curve. F ra c t io n  3 was composed of a lb u m in ,  
a lpha- a n d  be ta -g lobu lins  and  also inc luded  fas t-m ig ra t in g  IgG globulins. 
F rac t io n  4 co n ta in ed  th e  to ta l  a m o u n t  o f  th e  e lu ted  IgM globulins as well as 
m a n y  o th e r  se ru m  p ro te in s  and  teas also c o n ta m in a te d  w ith  fa s t -m ig ra t in g  
IgG globulins.

Table  III

Antibody activ ity  of protein fractions separated from rabbit serum 
by anion exchange chromatography on DEAE-Sephadex A-50

Days after

pri- secon- 
mary dary

infection

Fraction 1 Fraction 2 faction 4**

HA
titre

pre
cipitin 
titre +

lppt* HA
titre

pre: 
cipitin 
titre+

lppt* HA
titre

pre
cipitin 
titre +

lppt*

14 16 0 — 0 0 — 0 0 —

20 32 2 + 0 0 — 0 0 —

30 256 8 + 4 0 — 0 0 —

40 256 16 + 16 2 — 0 0 —

60 128 32 + 8 0 — 0 0 —

80 128 8 + 4 0 — 0 0 —

100 64 2 ± 0 0 — 0 0 —

10 128 16 J - 8 0 _ 0 0 —

20 192 24 + 16 0 — 32 0 —

30 256 32 + 16 0 — 32 0 -

40 512 64 16 2 — 64 0 —

+ D eterm ined by titration in agar gel diffusion precipitation test 
* In v itro larval precipitation test: -)- =  positive; — =  negative reaction 

** Absorbed w ith anti-rabbit IgG im m une serum

The re su l ts  o f  serological inves t iga t ions  are p resen ted  in Table  I I I .  Most 
of th e  a n t ib o d y  ac t iv i ty  was recovered in f rac t ion  1 on ch rom atog raph ic  f r a c 
t io n a t io n  of  se rum  sam ples ob ta ined  from  ra b b i ts  w ith  a single infection . T he  
a m o u n t  o f  a n t ib o d y  a c t iv i ty  p resen t  in frac t ion  2 could be a t t r ib u te d  to  co n 
ta m in a t io n  b y  IgG globulin which w as e lu ted  in th e  second peak  of th e  c h ro 
m a to g ra m . Th is  was confirm ed b y  im m unoelec trophores is  (see Figs 5 a n d  6). 
The a n t ib o d y  ac t iv i ty  d em o n s tra ted  in th is  frac t ion  am o u n ted  to  only  3— 7 %  
of th e  to t a l  a n t ib o d y  a c t iv i ty  recovered. In  f rac tion  3 and  4 a n t ib o d y  was 
never d e te c te d  w ith  e i ther  of the  serological tes ts  em ployed w hen  serum  
sam ples o b ta in e d  from  rab b i ts  receiving a single inocula tion  were c h ro m a to 
graphed . In  c o n tra s t ,  when  serum sam ples collected after  re infection were
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f rac t io n a ted ,  a b o u t  10— 15%  of the  to ta l  h aem ag g lu t in in  ac t iv i ty  was p resen t  
in f rac tion  4, th o u g h  c o n tam in a t in g  IgG  globulins h ad  prev iously  been a b 
sorbed  w ith  a n t i - Ig G  im m u n e  serum  insolubilized  w ith  g lu ta ra ldehyde .  Preci- 
p i t in s  could be d e m o n s t ra te d  in fraction  1 exclusively . This frac t ion  developed 
th e  sam e precip itin  line(s) as the  original se ru m  samples on reac tion  w ith  CpE 
in ag a r  double diffusion p rec ip ita tion  te s t ,  a n d  also p roduced  clearly  visible 
p rec ip i ta te s  w ith  live cysticerci. F ra c t io n  4 gave negative  reactions w ith  
b o th  tests .

A ntibodies d e te c te d  in fraction 1 w ere  re s is tan t  to  2 -m ercap toe thano l,  
while th e  a n t ib o d y  a c t iv i ty  presen t in  f ra c t io n  4 was com plete ly  lost  upon  
t r e a tm e n t  (Table IV).

Table IV

H aem agglutination titres of chrom atographic fractions 1 and 4 
of serum from reinfected rabbits after treatm ent w ith mercaptoethanol

Days 
after re
infection

Fraction 1 Fraction 4*

Control ME-treated Control ME-treated

10 128 128 0 0

192 160 0 0

256 256 4 0

20 128 128 12 0

128 128 16 0

256 256 24 0

30 256 256 32 0

320 320 48 0

384 320 64 0

40 512 512 64 0

640 640 64 0

640 512 80 0

* Absorbed w ith anti-rabbit IgG immune serum  

2 -M ercaptoethanol (2 - M E )  sensitiv ity  o f  antibodies

The a n t ib o d y  a c t iv i ty  of  ind iv idua l  se ru m  samples was s tud ied  b y  IH A  
te s t  before and a f te r  t r e a tm e n t  w ith  0.1 M 2-M E. Typical results  o b ta in ed  b y  
com paring  th e  H A  t i t r e s  o f  control sam ples  w ith  those of t r e a te d  sera  are 
p re sen ted  in T ab le  V. T he  results ind ica te  t h a t  t r e a tm e n t  w ith  2-ME caused, 
on th e  average, a co ns is ten t  1.9— 3.1 e x p o n e n t  reduction  in th e  H A  t i t r e  of 
se rum  collected a f te r  re infection, w hereas i t  on ly  m in im ally  a ltered  th e  H A  
t i t r e  of samples o b ta in e d  from the  p r im a ry  infection.
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A n a ly s is  o f im m une serum to antigen-antibody complexes

A ntisera  w ere p roduced  to  a n tig e n -a n tib o d y  p re c ip ita te s  m ade w ith  
poo led  serum  from  in fec ted  or a rtif ic ia lly  h y persensitized  ra b b its  and  an tig en s 
o f  T . p is ifo rm is  an d  C. p is ifo rm is . T he  serum  p ro te in  co m p o n en ts  d e tec ted  
b y  th e  d ifferen t an ti-co m p lex  an tise ra  w ere iden tified  th ro u g h  im m unoelec tro - 
pho resis  w ith  pooled no rm al ra b b it se rum .

Table V

Effect of m ercaptoethanol treatment 
on haem agglutination titres o f whole rabbit sera obtained  

after primary and secondary infection

Days after 

primary secon-
1 dary

infection

№  of 
animals

Mean HA titre ( log,) 

before J after 

ME treatment

ME
sensitivity*

7 10 2.7 2.5 0.2

u 12 3.6 3.2 0.4

20 10 5.4 5.1 0.3

30 14 7.2 7.0 0.2

40 15 8.6 8.3 0.3

60 13 8.7 8.6 0.1

80 10 8.1 7.7 0.4

100 10 7.7 7.5 0.2

10 15 9.1 7.2 1.9

20 15 10.4 8.0 2.4

30 15 11.3 8.4 2.9

40 15 11.9 8.8 3.1

R ep resen ta tiv e  re su lts  for im m u n e  serum  to  each ty p e  o f th e  d iffe ren t 
a n tig e n -a n tib o d y  com plexes are il lu s tra te d  in Figs 7 an d  8. Im m unoelec tro - 
p h o re tic  analyses revealed  th a t  all an ti-co m p lex  a n tise ra  o b ta in ed  re a c te d  
exclusively  w ith  th e  ra b b it  im m unog lobu lin s and w ere co n sis ten tly  non- 
re a c tiv e  tow ards all o th e r  serum  p ro te in  com ponents o f  th e  rab b it.

Im m une scrum  p roduced  ag a in s t a n tig en -an tib o d y  p rec ip ita te s  m ad e  
w ith  only the  “ secretions and  ex cre tio n s”  o f m a tu re  cystice rc i (CpSE) developed  
so lely  th e  ch a rac te ris tic  p rec ip itin  arc  o f  IgG  globulin d u rin g  im m unoelec tro - 
pho resis , irrespec tive  o f w h e th e r serum  collected  a fte r th e  p rim ary  or secon 
d a ry  infection  or serum  of hyp ersen sitized  ra b b its  was used  for th e  p re p a ra tio n
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Fract ion No
1 2 3 A

Fig. 6. Fractionation of serum from rabbits reinfected with C. p is iform is  by anion exchange  
colum n chrom atography on D E A E -Sephadex A-50.

Graph: column chrom atogram  showing distribution of HA antibodies in a serum sam ple 
(H A  titre 1 : 2048) collected 30 days after reinfection. The HA titres are represented by the  

colum ns. protein distribution.
Im m unoelectrophoresis: w ell numbers indicate fraction numbers. Precipitin  bands developed  
w ith goat antiserum to rabbit whole serum (A) and anti-rabbit IgG -|- IgM immune serum (B )

of complexes (see Fig. 8, G and F; Fig. 7, E). In c o n tra s t ,  im m une sera to  
an t ig en -an t ib o d y  com plexes m ade w ith  T p E ,  CpE and  CpSE antigens and 
pooled serum of re in fec ted  or artif ic ia lly  sensitized ra b b i t s  formed, besides
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Fig. 7. Im m unoelectrophoretic analysis o f im m une cock sera to antigen-antibody com plexes 
prepared from serum of rabbits artificially im m unized w ith Taenia and Cysticercus p is iform is  
antigens. After electrophoretic separation of pooled normal rabbit serum the troughs were 
filled w ith  goat antiserum  to rabbit whole serum (A), w ith  cock antiserum to antigen-antibody  
precipitates made w ith  TpE , CpE and CpSE (D ), and w ith a cock antiserum  to antigen- 

antibody precipitates made w ith  only CpSE (E)

Fig. 8. Im m unoelectrophoretic analysis o f im m une cock sera to antigen-antibody com plexes 
made from serum of rabbits infected w ith Cysticercus pisiformis.  A fter electrophoresis o f 
pooled normal rabbit serum the troughs were filled w ith cock antisera to antigen-antibody  
preci tates made w ith  TpE , CpE, and CpSE from  serum pools obtained 30 days after the  
primary infection (I) and 40 days after reinfection (H ), and with cock antiserum  to antigen- 
antibody precipitates m ade w ith oidy the CpSE from serum pools obtained on day 30 of 

prim ary infection (G) and 40 days after reinfection (F)
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th e  IgG arc, a fu r th e r  d is t in c t  p rec ip i ta t ion  line, which was ten ta t iv e ly  d e m o n 
s t r a te d  to  co rrespond  to  th e  IgM globulin (see Fig. 7, D; Fig. 8, H). T hus ,  the  
an ti-com plex  a n t ise ra  g iv ing rise to  these  p rec ip i ta t io n  lines during im m uno- 
electrophoresis r e ta in e d  th e ir  reac t iv i ty  to w ard s  IgM globulin after  absorp tion  
w i th  im m unochem ica lly  pure  ra b b i t  IgG  globulin insolubilized b y  g lu ta ra lde-  
h y d e ,  whereas those  abso rbed  with  p u r if ied  r a b b i t  IgM  globulin fa iled  to  
d e tec t  th is  co m p o n en t .

Im m une  se ru m  o b ta in ed  by  im m u niza tion  w ith  a n t ig e n -a n t ib o d y  p re 
c ip i ta te s  m ade w i th  T p E ,  CpE and  CpSE an tigens a n d  pooled ra b b i t  se ru m  
from  the  p r im a ry  in fec t ion  developed a single p rec ip i t in  line corresponding  
to  IgG globulin (see F ig . 8. I).

D iscu ssion

D yn a m ics o f  the antibody response in p r im a ry  and  
secondary infection w ith  C. pisiformis

I t  has long b een  know n th a t  m a n y  he lm in th  infections s t im u la te  the  
hos t  to  produce a considerab le  an t ib o d y  response to  th e  antigens of th e  i n v a d 
ing parasites. B u t ,  d e sp i te  the  stead ily  increasing  in te re s t  o f  recent y ears  and 
th e  extensive w ork  d o n e  to  characterize  th e  im m unoglobu lin  classes w hich  are 
p roduced , very  l i t t le  is known abou t th e  n a tu re  of  th e  hum ora l  a n t ib o d y  
response of the  r a b b i t  to  invasion by  T. p is ifo rm is  oncosphaeres. No in fo rm a 
t io n  on the  p a t t e r n  o f  a n t ib o d y  p ro duc tion  is y e t  availab le  in the  l i te ra tu re  
excep t  for the  d a ta  r e p o r te d  by  S h u l ’ts  an d  I s m a g il o v a  (1965). In  ex p e r i
m en ts  perform ed on r a b b i t s  exposed to  d ifferen t doses of  T . p is ifo rm is  eggs, 
these  au thors  were ab le  to  dem ons tra te  se rum  an tibodies  as early  as a few days 
a f te r  the  infection, b y  b o th  IH A  and  r ing  p rec ip i ta t io n  tes ts ,  using the  p u r i 
f ied  po lysaccharide o f  Ca m p b e l l  (1937) a n d  la rva l  e x t r a c t  p repared  accord ing  
to  the  m ethod  ofTitAWiNSKi (1936) as an tigens ,  respectively .  The r ing  p re 
c ip i ta t ion  te s t  gave p o s i t ive  reaction as ea r ly  as the  second day of infection, 
occasionally in a t i t r e  o f  1 : 107. The d ynam ics  of  th e  serological reac tions  
followed a very  s im ila r  p a t te rn  during  th e  course of  infection . B o th  reac tions  
reached  a peak  b e tw e e n  days 10— 30, becam e  g radua lly  less m arked  th e r e 
a f te r ,  and in m os t  cases were negative  b y  days 60 —90 of th e  infection. The 
appearance  and  pe rs is ten ce  of antibodies in in d iv idua l  r a b b i ts  showed a sim ilar 
p a t te rn ,  though  th e  m a x im u m  ti t re  o f  p rec ip i ta t in g  an tibodies  was consider
ab ly  higher th a n  t h a t  o f  haem ag g lu t in a t in g  an tibod ies .  No correlation  was 
estab lished  be tw een  th e  size of inoculum  and  the  ap p earan ce ,  persistence and  
t i t r e  of antibodies . R e p e a te d  infections caused only a t ran s ien t  rise in th e  
a n t ib o d y  level, w h ich  w as , however, u n re la te d  to  th e  dose of inoculum ; b o th  
serological tes ts  b e c a m e  negative  by  days  6 0 —90, ju s t  as in the  case of  p r i 
m a ry  infection.
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The resu lts  o f  the  p resen t  s tu d y  are inconsis ten t  w ith  several po in ts  o f  
th e  above f ind ings.  T hus ,  haem agglu tin ins  ap p ea red  during  th e  f irs t  week of 
infection, and  from  d a y  7 onw ards the  serum  of all anim als con ta ined  a d e t e c t 
able a m o u n t  of  H A  antibodies . In  the agar  gel diffusion p rec ip i ta t ion  te s t ,  
however, d e m o n s t ra t io n  of prec ip itins  to  CpE was com plete ly  unsuccessful 
before th e  1 1 th — 14th  days of th e  infection. Betw een  days 15—30 serum  from  
only a few ra b b i ts  b ro u g h t  ab o u t  p rec ip i ta t ion ,  whereas from d ay  30 onw ards  
serum  of all an im als  p roduced  d is t inc t  p rec ip i ta t io n  line(s) in agar  gel. T he  
m ost  m ark ed  p re c ip i ta t io n  lines occurred  be tw een  days 3 0 —60. A fte rw ards  
a decrease in th e  d e n s i ty  of th e  p rec ip i ta t ion  lines ensued, th o u g h  th e  se rum  
of all anim als still p roduced  dem onstrab le  p rec ip i ta t io n  a t  day  100 o f th e  
infection. T he  differences observable  in th e  d ens ity  of  p rec ip i ta t ion  b a n d s  
during  the  course of  the  infection parallelled th e  changes of  serum  prec ip itin  
t i t re s :  serum  w i th  th e  h ighest t i t r e  p roduced  th e  m ost m ark ed  p rec ip i ta t io n  
lines, an d  vice ve rsa .

The tim e-course  of p rec ip i ta t in g  and  h aem ag g lu t in a t in g  an t ib o d y  re 
sponses followed a sim ilar p a t t e r n  in b o th  p r im a ry  and  secondary  infection, 
th e  precipitin  t i t r e  a t  any  stage  of  infection was, however, 3—5 exponen ts  
lower th a n  th e  H A  t i t r e .  This difference, as also th e  obse rva tion  t h a t  th e  I H A  
tes t  de tec ted  an t ib o d ies  earlier th a n  the  ag a r  gel diffusion precip itin  te s t ,  can 
be explained w i th  th e  well-known d ispa ra te  sensitiv ities  of th e  tw o m ethods .

The p a t t e r n  of  an t ib o d y  response following p r im a ry  infection was 
charac terized  b y  a g radua l  increase in the  a n t ib o d y  level from  th e  second week 
of infection, w i th  a p eak  betw een  days 40— 70. The m a x im u m  precip itin  t i t r e  
ob ta ined  in th e  ag a r  gel diffusion p rec ip i ta t ion  te s t  never  exceeded a 1 : 128 
dilu tion  of th e  CpE  stock  an tigen  con ta in ing  10 mg pro te in  per ml, while in 
th e  IH A  te s t  se ru m  sam ples gave full haem ag g lu t in a t io n  a t  a m ax im u m  d i lu 
t io n  of 1 : 1024. A decline of  a n t ib o d y  t i t r e  ensued  from d ay  70 of th e  in fec
tion , th o u g h  an tibod ies  were still readily  d em ons trab le  b y  b o th  serological 
m ethods in all se rum  samples on d ay  100. As suggested  earlier, the  d im in ish 
ing an t ib o d y  t i t r e  is possibly associated  w ith  th e  deve lopm ent of th e  p a ra s i te  
( N é m e t h , 1971).

Again in c o n t r a s t  to  the  f indings of S h u l ’ts  and I s m a g il o v a , the  re su lts  
ob ta ined  w ith  se ru m  from re infected  ra b b i ts  suggest an  increased a n t ib o d y  
p roduction , which is obviously  re la ted  to  th e  antigenic  s tim uli  of the  newly 
invad ing  oncosphaeres . D uring  th e  “ secondary”  im m une  response evoked b y  
challenge in fec tion , th e  serum  an t ib o d y  level g radua lly  rose by  day  40 to  
a t i t re  considerab ly  h igher th a n  th e  m a x im u m  t i t r e  observed  in response to  
p r im ary  infection. F u r th e rm o re ,  according to  th e  im m unodiffusion analyses , 
antibodies to  a w ider  spec trum  of antigenic  com ponen ts  were p roduced  as 
a result o f  secondary  infection.

The d isc repancy  between th e  two sets o f  findings is not explicable b y
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ind iv id u a l  va r ia t ion  o f  th e  an im als’ r e a c t iv i ty  or th e  d ivers i ty  of  infective 
m a te r ia l ,  b u t  is due r a th e r  to  th e  differences in antigenic  p rep a ra t io n s  and 
in th e  sensitiv ity  of  th e  serological m e th o d s  used in the  two labora to r ies .  
I t  should  be stressed, how ever,  t h a t  in th e  p resen t  experim en t the re  was a con
s iderab le  var ia t ion  in  th e  an t ib o d y  a c t iv i ty  of th e  serum  samples, w hich  was 
re la ted  to  individual ra b b i ts ,  to  the  n u m b e r  of inoculations, and to  th e  t im e  
e lapsed between infection and  bleed ing  o f  th e  same ra b b i t .  This v a r iab il i ty  
m a y  h av e  been due to  th e  ind iv idual v a r ia t io n  o f  th e  an im als ’ re a c t iv i ty  and , 
p e rh ap s  to  a g reater  e x te n t ,  to  d ifferen t “ t a k e ” of  la rvae  from  th e  inocu la ted  
dose o f  oncosphaercs, as revealed by  a u to p s y  on day  100 of th e  infection . The 
va r ious  burdens  of cysticerc i m ay  h av e  y ie lded  diverse am o u n ts  o f  an tigen ic  
su b s tan ces  and th e re b y  q u a n t i ta t iv e ly  p ro p o r t io n a te  differences in a n t ib o d y  
p ro duc tion .

F ro m  the resu lts  o f  th e  im m unodiffus ion  analyses of serum  sam ples 
o b ta in e d  a t  different s tages of infection th e  conclusion m ay  be d raw n  th a t  
invasion  of T. p is ifo rm is  oncosphaeres induces a com plex an t ib o d y  response 
in th e  rab b i ts ,  which verifies the  p rev ious  observations (N é m e t h , 1971) and  
also is in h a rm ony  w ith  th e  findings for o th e r  he lm in th  infections (see e.g. B a i s - 
d e n  a n d  T r o m b a , 1967; H il l y e r  and  F r i c k , 1967, 1971; H i l l y e r  and 
R i t c h i e , 1967; L e y k i n a  a n d  B a l l a d , 1970; S i n c l a i r , 1970; W i l l i a m s , 1970; 
W i l l i a m s  and So u l s b y , 1970; G u n d l a c h , 1971; M u n t y a n , 1971). Using 
CpE as an tigen, a t  leas t  four an tibodies  o f  d ifferen t antigenic  specif ic ity  were 
d is tingu ishab le  in th e  se ru m  of in fected  ra b b i ts .  Scrum  samples of  each  an im al 
con s is ten t ly  detected  a t  leas t  one an tigen ic  com ponen t.  In  add it ion ,  a m a x i
m u m  of tw o an t ig en -an t ib o d y  system s were dem onstrab le  w ith  se rum  collected 
following th e  p r im ary  in fec tion , while w i th  sam ples ob ta ined  a f te r  th e  challenge 
in fec tion  in m ost cases th ree ,  and a m a x im u m  of four system s could be ob se rv 
ed. These  observations m a y  reflect q u a l i ta t iv e  antigenic  differences during  
d eve lopm en t of the  p a ra s i te .  I t  m ay  be t h a t  some antigens are n o t  p roduced  
a t  all following a single infection an d  on ly  ap p ea r  as a re su lt  o f  d is in teg ra t ion  
of pa ra s i te s  in the p a r t ia l ly  im m une  h o s t  sub seq u en t  to  a challenge infec tion . 
On th e  o the r  hand , i t  is also conceivable  t h a t  merely q u a n t i ta t iv e  an tigen ic  
differences exist. T h a t  is, du ring  the  p r im a ry  infection some an tigens are  p ro 
duced  in am ounts  below  th e  th resho ld  level required  to  induce an  a n t ib o d y  
response detec tab le  b y  th e  agar gel d iffusion p rec ip i ta t ion  te s t ,  b u t  th is  level 
is su rpassed  by  the  new  antigenic  s t im u li  deriv ing  from I he oncosphaeres of 
the  challenge infection. T here  is, how ever,  no d irect experim en ta l  evidence for 
e i the r  hypothesis , and  clarification  of  th e  prob lem  m u s t  aw ait  more ciritical 
s tudies.
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A ntibody classes in  p r im a ry  and  secondary in fections  
w ith  C. pisiformis

In  th e  ra b b i t  th ree  im m unoglobu lin  classes — IgG, IgM  and  IgA —  are 
know n, which can be d is t ingu ished  by  s t ru c tu ra l ,  and hence an tigenic , differ
ences in th e ir  h eav y  y , p and  a , po lyp ep t id e  chains, respec tive ly  (Co h e n  and  
P o r t e r , 1964; Ce b r a  and  R o b b i n s , 1966; Co h e n  and M i l s t e i n , 1967; S t a n - 
w o r t h  a n d  P a r d o e , 1967). A n tibod ies  h av e  been d e m o n s t ra te d  in each class 
(O n o u e  e t  ah , 1964, 1965, 1966; R o b b in s  e t  ah ,  1965; A r m s t r o n g  and  Sw o r d , 
1967; C a r t e r  and  H a r r i s , 1967; Sa m l o f f  and B a r n e t t , 1967; W e i  and  
St a v i t s k y , 1967).

N um erous  repo rts  ind ica te  t h a t  r a b b i ts  m ay produce  an tibodies  of  all 
th ree  im m unoglobu lin  classes d u r ing  th e  p r im ary  im m une  response to  any  
an tigen ic  m a te r ia l ,  a l though  one or th e  o th e r  class m ay  p red o m in a te  in an y  
p a r t ic u la r  s i tu a t io n  (O n o u e  e t  ah ,  1964; F r e e m a n  and  S t a v i t s k y , 1965; 
A r m s t r o n g  and  Sw o r d , 1967; P i k e , 1967; Sa m l o f f  a n d  B a r n e t t , 1967; 
W e i  and  St a v i t s k y , 1967). T he  secondary  im m une response of  th is  species 
is usua lly  charac ter ized  by  th e  ra p id  syn thes is  of p red o m in an t ly  IgG an tibody ,  
th ough  anam nestic  responses involv ing  IgM and IgA a n t ib o d y  p roduc tion  
h ave  also been repo r ted  ( B a u e r  et ah ,  1963; U h r  and  F i n k e l s t e i n , 1963; 
B o r e l  e t  ah , 1964; H o c k e r  a n d  B a u e r , 1965; A l t e m e i e r  e t  ah , 1966; Sa m 
l o f f  an d  B a r n e t t , 1967). To d a te ,  th o u g h ,  no in form ation has  been available  
e i ther  on th e  h e te rogene ity  and  sequence o f  an tibody  p ro d u c t io n  or on th e  
classes of an tibodies  p roduced  in ra b b i ts  to  p r im ary  and  secondary  infections 
w ith  C. p is ifo rm is .

The results  of th e  salt  f ra c t io n a t io n  experim ents  w i th  sera of infected 
ra b b i ts  clearly  ind ica te  t h a t  th e  an tibod ies  detec tab le  b y  IH A ,  agar  gel d iffu 
sion p rec ip i ta t io n  and  in  vitro  la rv a l  p rec ip i ta t ion  tes ts  are  associated  w ith  
th e  euglobulin  fraction . Serum  sam ples  com plete ly  lost th e i r  original an t ib o d y  
a c t iv i ty  a f te r  euglobulins were sa l ted  ou t .  As com pared to  th e  an t ib o d y  a c t iv 
i ty  o f  th e  original whole se rum , th e re  was on ly  a light decrease in  th e  a n t ib o d y  
t i t re  of th e  euglobulin f rac t ion , a t t r ib u ta b le  to  the  errors o f  th e  serological 
tes ts  and  loss of  p ro te in  d u r in g  th e  f rac t io n a t io n  procedure .

A ccording to  th e  resu lts  o f  p re p a ra t iv e  agar gel zone electrophoresis, 
anion exchange c h ro m a to g ra p h y  and th e  2-ME t re a tm e n t ,  ra b b i ts  ex p e r i
m en ta l ly  in fec ted  w ith  T . p is ifo rm is  oncosphaeres did n o t  ex h ib i t  th e  “ early  
IgM ” and  “ la te  IgG ”  a n t ib o d y  response w hich  has been r e p o r te d  to  be ty p ic a l  
for m a n y  o th e r  an tigens (S t e l o s , 1958; B a u e r  and St a v i t s k y , 1961; B e n e 
d i c t  et ah , 1962; B a u e r  et ah .  1963; Sv e h a g , 1964; Sv e h a g  and Ma n d e l . 
1964). Indeed ,  several d a ta  ind ica te  t h a t  IgG  and IgM an tibod ies  arc produced 
s im u ltaneously  r a th e r  th a n  sequen tia l ly ,  and  even th a t  Ig G  antibodies can 
ap p ea r  p rio r  to ,  or co n co m itan t  w ith ,  th e  appearance  o f  IgM antibodies
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( B e n e d i c t , 1965; F r e e m a n  and S t a v i t s k y , 1965; R o b b in s  et al., 1965; 
S c h o e n b e r g  et al., 1965; A l t e m e i e r  e t  al., 1966; O s l e r  et al., 1966; A r m 
s t r o n g  and Sw o r d , 1967; W e i  and St a v i t s k y , 1967), w hereas  under p a r t ic u la r  
c ircum stances ,  d ep en d in g  on the  chem ical na tu re ,  physica l  s ta te ,  m ode of 
ad m in is t ra t io n  and dosage o f  the  an tigen  as well as severa l o ther u n k n o w n  
fac to rs ,  a prolonged IgM  an t ib o d y  p ro duc tion  can be observed  w ithout a shift 
to  Ig G  an tibody  fo rm a t io n  (Sv e h a g  a n d  M a n d e l , 1962, 1964; B a u e r  e t  al., 
1963; U hr  and F i n k e l s t e i n , 1963; W e i d a n z  e t  a]., 1964; Sa n d b e r g  a n d  
S t o l l a r , 1966).

A ttem p ts  to  ch a ra c te r iz e  the  a n t ib o d y  class(es) p ro d u ced  in response to  
expe r im en ta l  infection  w i th  C. p is ifo rm is  ind ica ted  t h a t  th e  earliest a n t ib o d y  
dem o n s trab le  in th e  f i r s t  week of infection was IgG g lobulin . Exclusively  IgG 
an tibod ies  were d e m o n s t r a te d  la te  in th e  p r im a ry  in fec t ion  as well. A ntibodies  
d e tec tab le  by  IH A , a g a r  gel diffusion p rec ip i ta t ion  a n d  by  in  vitro la rva l  
p rec ip i ta t io n  tests  were  found  to m ig ra te  in the  slow IgG  globulin d u r ing  
ag a r  gel zone elec trophores is , to  elute in th e  f irs t  p eak  (pure  IgG) on D E A E -  
S ep h ad ex  A-50, a n d  to  be  re s is tan t  to  reduc tion  a n d  a lky la tion . IgM a n t i 
bodies were never d e te c te d  by  any  of th e  m e thods  em ployed after  single 
infection.

IgG antibodies p re d o m in a te d  also in th e  serum  sam ples  from secondary  
infection; from day  20 onw ards ,  however, IgM an tibod ies  too  were d e m o n s t ra 
ble. The presence of  IgM  antibodies was verified  by  severa l  pieces of evidence, 
f i r s t  o f  all by the  re su l ts  o f  2-ME t re a tm e n t .  The sen s i t iv i ty  of IgM globulin 
to  2-ME and the re la t iv e  s tab il i ty  of  IgG  globulin has been  widely em ployed  
as a m e thod  of d i f fe ren t ia t in g  the tw o  im m unoglobu lin  classes since the  s tu d y  
of D e u t s c h  and M o r t o n  (1957). C om parison of se rum  t i t re s  before and a f te r  
t r e a t m e n t  showed th a t  2-ME only m in im ally  a l tered  th e  an tibody  ac t iv i ty  
o f  se rum  from p r im a ry  infection, b u t  considerab ly  reduced  th a t  of serum  
o b ta in e d  from re in fec ted  animals.

The IgG and IgM an tibod ies  were successfully s e p a ra te d  from one a n o th e r  
b y  colum n c h ro m a to g ra p h y  of pooled se rum  on D E A E -S ep h ad ex .  A ntibodies  
e lu ted  w ith  the IgM g lobulin  were sensitive to  reduc tion  w ith  2-ME and  re p re 
sen ted  10—15% of th e  to ta l  an t ib o d y  a c t iv i ty  recovered . The IgM frac tions  
re ta in e d  their  original a n t ib o d y  ac t iv i ty  even after  ab so rp t io n  of c o n ta m in a t 
ing IgG molecules w i th  monospecific  an t i - lg G  im m une  serum , whereas th e y  
lost  th is  ac tiv ity  w h en  exposed to  2-ME following abso rp tion .  In  co n tra s t ,  
an tibod ies  eluted w i th  t h e  IgG globulin were re s is tan t  to  t r e a tm e n t  w ith  2-ME 
and  represen ted  m ost  o f  th e  recovered an t ib o d y  ac t iv i ty .  The low a n t ib o d y  
a c t iv i ty  present in th e  second  peak of th e  ch ro m a to g ram  (ab o u t  3—7%  of the  
to ta l  recovered a c t iv i ty )  could be a t t r ib u te d  to  c o n tam in a t io n  by  IgG globulin 
w hich  was not e lu ted  in  th e  first peak , a lthough  th e  presence of antibodies  
of  th e  IgA im m unoglobu lin  class — which are know n to  occur in ra b b i t  se rum
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(O n o u e  e t  al., 1964. 1966; Ca r t e r  a n d  H a r r i s , 1967; Sa m l o f f  a n d  B a r n e t t , 
1967; W e i  a n d  St a v i t s k y , 1967) —  w a s  n o t  c r i t ic a l ly  e x a m in e d .

The results  ob ta ined  th ro u g h  im m unoe lec trophore tica l  analysis of a n t i 
com plex an tise ra  to  a n t ig en -an t ib o d y  p rec ip ita te s  m ade w ith  the  se rum  o f  
re infected  ra b b i ts  and  the  antigenic  com ponen ts  o f  th e  p a ra s i te  p rovide fu r th e r  
evidence for th e  occurrence o f  IgM an tibod ies .  I t  was shown t h a t  inocu la tion  
of  such a n t ig en -an t ib o d y  p rec ip ita te s  in to  heterologous an im als  results  in th e  
p roduc tion  of an tibod ies  form ing, in a d d i t io n  to  th e  cha rac te r is t ic  IgG  a rc ,  
a fu r th e r  d is t in c t  p rec ip i ta t ion  line upon  im m unoelec trophores is  w ith  n o rm a l  
r a b b i t  serum. T he  second p rec ip it in  line was te n ta t iv e ly  identif ied  as IgM 
globulin on th e  grounds  of its location  in th e  im m u n o e lec tro p h o re to g ram  a n d  
th e  following considera tions. This p re c ip i ta te d  serum  co m p o n en t  could n o t  b e  
any  co n s t i tu en t  o f  th e  com plem ent,  since all se rum  pools were d ecom plem en ted  
before being used for the  p re p a ra t io n  of  a n t ig en -an t ib o d y  complexes. I t  h a s  
been found  t h a t  add ing  32 pg of ova lb u m in  and  288 pg  o f  a n t i -o v a lb u m in  
to  1 ml of r a b b i t  an ti-B SA  serum  will rem ove  th e  com plem en t (T a l i a f e r r o  
and  T a l m a g e , 1955); in th e  p resen t  s tud ies , ab o u t  four t im es these  q u a n t i t i e s  
were applied  from  a HSA —  ra b b i t  a n t i -H S A  a n t ig e n -a n t ib o d y  sys tem . F u r 
the rm ore ,  th e  second  precip itin  line could n o t  derive from  an tibodies  to  t h e  
light po lypep tide  chains of IgG  globulin p re sen t  in the  a n t ig en -an t ib o d y  c o m 
plex, as the  an ti-com plex  an tise ra  re ta ined  the ir  reac t iv i ty  tow ard s  the  second 
com ponen t a f te r  absorp tion  w ith  im m unochem ica lly  pure  r a b b i t  IgG  g lobulin ; 
on the o the r  h a n d ,  when absorbed  w ith  purif ied  ra b b i t  IgM globulin, all a n t i 
com plex an t ise ra  failed to  d e tec t  it . These find ings clearly ind ica te  t h a t  im m u 
niza tion  b y  a n t ig e n -a n t ib o d y  p rec ip ita te s  m ade  w ith  serum  of re infected  r a b 
bits  and th e  an tigens  of T. p is i fo rm is  an d  C. p is iform is  s t im u la tes  th e  fo rm a 
tion  of an tibod ies  specific for th e  IgG  and  for the  IgM globulins.

Using th e  ag a r  gel double  diffusion techn ique ,  the  IgG globulin f rac t ions  
alone were able to  form p rec ip i ta t io n  lines aga ins t  CpE an tigen . In  no case 
was d is t inc t  p rec ip i ta t io n  observed  w ith  th e  IgM fractions, a l though  a d e te c t 
able am o u n t  o f  H A  an t ib o d y  was p re sen t  according to  the  IH A  tes t .  T h is  
seems to  c o n tra d ic t  th e  results  o b ta ined  b y  analysis of an ti-com plex  an t ise ra ,  
which u n d o u b te d ly  showed th a t  IgM precip itins  were also involved in th e  
an t ig en -an t ib o d y  prec ip ita tes .  T he  failure  to  d e m o n s tra te  IgM antibodies  b y  
the  p rec ip i ta t io n  te s t  is p ro b ab ly  a t t r ib u ta b le  to  th e  d isp roport iona te  sensi
t iv i ty  o f  th e  serological m ethods  for IgM an t ib o d y .  A low level of a n t ib o d y  
of the  IgM class m a y  have  p recluded  th e  fo rm ation  o f  visible prec ip i ta tes  a n d  
ye t  was suffic ient to  agg lu tina te  th e  an tigen-sensitized  red  blood cells in th e  
IH A  tes t .  T here  are reports  to  suggest t h a t  b o th  IgG a n d  IgM an tibodies  are  
capable  of  causing  p rec ip i ta t ion ;  neverthe less  th e  p rec ip i ta t io n  te s t  is m ore  
efficient in d e tec t in g  IgG an t ib o d y ,  in c o n tra s t  to  th e  IH A  te s t ,  which te n d s  
to  favour  th e  de tec t ion  of IgM (G r e e n b u r y  et al., 1963; G r e y , 1964; S h u l -
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ma  N e t  al., 1964; W e i d a n z  e t  al., 1964; B e n e d i c t , 1965; O n o u e  e t  al., 1965; 
R o b b in s  e t  al., 1965; A l t e m e i e r  e t  al., 1966; L in d q v i s t  an d  B a u e r , 1966; 
O s l e r  e t  al., 1966; P i k e  e t  al., 1966).

In  previous ex p e r im en ts ,  it  was observed  th a t  incu b a t io n  of live C. p i s i 
formis  infective la rv ae  in serum  from  in fec ted  rab b i ts  gave rise to  w hite  floc- 
cu len t  p rec ip ita tes .  S im ila r  observa tions  h ave  been m ad e  for an ti-T p  and  anti-  
Cp im m une  serum  o f  artif ic ia lly  hyp ersen s i t ized  cocks (unpub lished  experi
m en ts ) .  I f  the  a ssu m p t io n  is t ru e  t h a t  th is  p rec ip i ta te  fo rm atio n  resu lts  from 
d irec t  in te rac t ion  b e tw een  the  an tigen ic  m etabo li tes  o f  th e  p a ra s i te  a n d  th e  
an tibod ies  present in th e  serum , th e  re su l ts  o b ta ined  by  e lec trophoretic  analysis  
o f  im m u n e  serum  p ro d u c e d  against th e se  p rec ip i ta te s  in  hete ro logous an im als  
p e rm i t  the  conclusion t h a t  the  “ secre tions  and ex c re t io n s”  of  th e  p a ra s i te  
s t im u la te  the  fo rm a tio n  o f  IgG an tibod ies .  The a n t ig e n -a n t ib o d y  p re c ip i ta te s  
p re p a re d  w ith  the  s im u ltan eo u s  app l ica t io n  of  b o th  “ m etab o l ic”  a n d  “ s o m a t ic ” 
an tigens  of the  p a ra s i te  also induced  th e  p ro duc tion  of  an t ib o d ies  re a c t in g  
p r im a r i ly  w ith  r a b b i t  Ig G  globulin. E v e n  w ith  this p rocedure  an tibod ies  o f  th e  
IgM  class could be d e m o n s t ra te d  on ly  in  sera o b ta in ed  from  the  secondary  
infec tion . This confirm s th e  conclusion o f  p revious s tud ies  on the  localization 
of  precipitins in th e  se ru m , th a t  r a b b i ts  p r im ari ly  p roduce p rec ip i ta t in g  a n t i 
bodies of the  IgG class in  response to  invasion  of oncosphaeres  of T. p is i fo rm is  
( N é m e t h , 1972).

The observation  t h a t  IgM an tib o d ies  were p resen t  d u r ing  th e  seco n d a ry  
infection b u t  not d em o n s trab le  in th e  course  of p r im a ry  infection is co ns is ten t  
w i th  the  f inding o f C r a n d a l l  et al. (1967), who, using th e  f luorescen t a n t i 
b o d y  te s t ,  d e m o n s t ra te d  a t  f irs t  only  IgG  antibodies  in  th e  se rum  of Trichi-  
nella-in fected  r a b b i ts ;  IgM  an tibod ies  ap p ea red  in th e  se rum  only  la te  in 
th e  infection and  a f te r  hyperin fec tion . In  a sub seq u en t  s tu d y  using t h e  
passive  h aem ag g lu t in a t io n  te s t  (Cr a n d a l l  and M o r e , 1968) th e y  d e te c te d  
IgM  an t i  body  before  Ig G  an t ib o d y  following a single Trichinella  infection . 
In  se rum  from h y p e r in fec ted  rab b i ts  IgM  an t ib o d y  coexis ted  w ith  IgG a n t i 
bo d y .

The reason for th e  failure of th e  p re se n t  experim en ts  to  d e tec t  IgM a n t i 
bodies  during  p r im a ry  in fection w ith  T. p is i fo rm is  eggs m a y  be th a t  th is  class 
o f  a n t ib o d y  was e i th e r  no t p roduced a t  all or p roduced  in am o u n ts  below th e  
th re sh o ld  level for d e te c t io n  by the  tech n iq u es  em ployed . Sum m ing  up , it is 
ev id e n t  th a t  the  invas ion  of T. p is i fo rm is  oncosphaeres induced  a com plex  
a n d  heterogenous a n t ib o d y  response in ra b b i ts .  At least four an tibodies , d iffer
ing in antigenic spec if ic i ty  and belong ing  to two d is t in c t  im m unoglobulin  
classes, were p roduced  in  th e  course o f  in fec tion . A ntibodies  form ed in response 
to  p r im a ry  infection belonged  to  th e  IgG  im m unoglobu lin  class. IgG  a n t i 
bodies  p redom ina ted  in th e  secondary  infec tion , bu t  IgM an tibodies  were also 
dem onstrab le .
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I t  should be n o ted ,  las tly ,  t h a t  the  inves tiga tions  rep o r ted  here canno t 
claim  to  cover all ch a rac ter is t ics  o f  th e  an t ib o d y  response  to  infections w ith  
C. p is i form is ,  because  of  th e  n a tu re  of th e  an tigen ic  p rep a ra t io n s  an d  the 
re la t ive  in sens i t iv i ty  o f  th e  m e thods  used to  de tec t an tibod ies .  F u r th e r  de ta iled  
s tud ies  are needed to  learn  more ab o u t  th e  course of  even ts .

*

A c k n o w l e d g e m e n t s .  T h an k s are due to  Miss Ilona  H a la si fo r he r inv a lu ab le  tech n ica l 
assistance  th ro u g h o u t th is  s tu d y .

SUMMARY

The humoral antibody response of rabbits to primary and secondary infections w ith  
C y s t i c e r c u s  p i s i f o r m i s  (B loch, 1780), the larval form of T a e n i a  p i s i f o r m i s  (Bloch, 1780)G m elin, 
1790 (Cestoda: Taeniidae), has been studied.

R abbits, aged 5— 7 weeks, weighing 500— 1000 g, were infected  with 500 eggs of T .  
p i s i f o r m i s ,  and a group of them  were reinfected w ith 10,000 eggs 60 days later. On the 100th  
day of the experim ent all anim als were killed and exam ined for the presence of cysticerci. 
Blood samples were collected at frequent intervals and the serum tested  for antibodies.

In response to infection all rabbits produced antibodies detectable by the agar gel 
diffusion precipitation, i n  v i t r o  larval precipitation and indirect haem agglutination tests. 
H aem agglutinating antibodies appeared in all animals by the second week and persisted  
throughout the experim ent. The dynam ics of the haem agglutinin response was characterized  
b y  a gradual increase o f the mean titre from the second week of infection to a peak on day  
50, then a slight decline. The tim e-course of precipitating antibodies follow ed a similar pattern. 
Precipitin activity was first detected in the sera on the second w eek after infection, reached  
a peak between weeks 6— 10, and fell considerably thereafter but was still present on the 100th  
day. Reinfection w ith 10,000 eggs on day 60 of the infection elicited an abrupt rise o f both  
haem agglutinating and precipitating antibodies.

The classes o f im m unoglobulins carrying the antibodies produced in the course of  
infection were identified by salting out, by preparative zone electrophoresis in agar, by anion  
exchange column chrom atography on DEA E -Sephadex A-50, by the alteration of antibody  
activ ity  after 2-m ercaptoethanol treatm ent, and by im m unoelectrophoretical analysis o f  
im m une sera to antigen-antibody precipitates made w ith sera of infected  rabbits and whole 
extract and/or “ secretions and excretions” of T .  p i s i f o r m i s  and C. p i s i f o r m i s .  It was found  
that the oncosphaeres o f T .  p i s i f o r m i s  induced a com plex and heterogeneous antibody response 
in the rabbits. Antibodies to at least four different antigenic com ponents were produced and 
were shown to be associated w ith two distinct im m unoglobulin classes: antibodies formed 
in response to primary infections belonged to the IgG class exclusively , and while these were 
still predom inant in secondary responses a small proportion (10— 15% ) of IgM antibodies 
was also detectable.
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ZUR RESISTENZ YON E I M E R I A  S T I E D A I -OOCYSTEN 
GEGEN RÖNTGEN- UND GAMMA-RESTRAHLUNG

Von

U. D ü r r  u n d  W .  R e i s e r

In stitu t für Parasitologie und Parasitäre Krankheiten der Tiere (Direktor: Prof. G. L ä m m le r ) 
und Strahlenzentrum -Abteilung für Strahlenschutz der Justus Liebig-U niversität, Gießen. B R D

(E ingegangen am 30. J u n i  1972)

Z ur Resis tenz  von  K okzid ienoocysten  gegen B es trah lu n g  m it ve rsch ie 
denen  S t ra h le n a r te n  liegen n u r  wenig u n d  z. T. w idersprüchliche  L i t e r a tu r 
angaben  vor ( S c h n e i d e r , A y e n i  und D ü r r , 1972). Es erschien daher  n o t 
wendig, e rn eu t  sy s tem atisch e  U n te rsu ch u n g en  a u f  diesem Gebiet d u rc h z u 
führen.

Material und M ethodik

F ü r  die B es trah lungsversuche  w urden  u n spo ru lie r te  E . stiedai-O ocysten  
unterschiedlichen A lters  ben u tz t .  Die G ew innung  und  R ein igung  der O ocysten  
w urde  nach  den bei A y e n i (1969) angegebenen  V erfahren  vorgenom m en. Bis 
zur B estrah lung  w u rd en  die Oocysten in ca. 2 % ig e r  K 2C r 0 7-Lösung im K ü h l 
schrank  bei ca. 4 °C a u fb ew ah r t .  Vor jed e r  B es t ra h lu n g  w urde  das K a lium - 
b ich rom at ausgew aschen und  die O ocystencharge  a u f  e tw a  vorhandene  u n e r 
w ünsch te  Sporu la tionsersche inungen  k o n tro ll ie r t .  Suspensionen, in denen die 
Sporu la tion  bere i ts  begonnen h a t te ,  w urden  n ic h t  b en u tz t .

Die B estrah lu n g en  erfolgten m it un te rsch ied lichen  S trah len a r ten  u n d  
Dosisleistungen (s. Tabelle I). Zur D osim etr ie  w urde eine F r icke-L ösung  
(28 mg F eS O ,;  0,5 ml konz. H 2S 0 4; 5 m g N aCl; A. b ides t .  ad  100 ml) v e r 
wendet.

Die O ocys tcnd ich te  in den zu b e s trah len d en  Suspensionen be trug  in d e r  
Regel e tw a 5— 10 X 106 Oocysten/ml. Die B es t ra h lu n g  erfolgte bei etwa 3 —5 m m  
Schichtdicke in Pe tr ischa len  von 4 cm D urchm esser .  U m  bei R ö n tg e n b e s t ra h 
lung  eine hom ogene D urchm ischung  u n d  B es trah lu n g  zu gew ährleisten , w u r 
den die Suspensionen durch  einen M a g n e trü h re r  w ährend  des Versuches s tä n d ig  
gerührt .

W äh ren d  in  den  ersten  V ersuchen zur  Ü b e rp rü fu n g  der  W irk sam k e it  d e r  
Gesam tdosis , der  D osisle istung u n d  ve rsch iedener  S t ra h le n a r te n  n u r  O ocysten  
des jeweils gleichen Alters b e n u tz t  w urden , w urde  in e iner zweiten V ersu ch s
reihe der E in f lu ß  des Alters von  der 3. bis zu r  11. W oche n ach  der G ew innung  
der Oocysten d u rc h  V ersuchsansätze  in 14tägigen Z c i tab s tän d en  u n te rsu c h t .
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Im  A nschluß  an die B es trah lu n g  w u rd e n  die O ocysten  e rneu t  in  2% ig er  
K 2C r 0 7-Lösung susp en d ie r t  und  bei Z im m e r te m p e ra tu r  (von 15— 25 °C 
schw ankend)  in Pe tr ischa len  von 9 cm D urchm esser  zu r  Sporu la t ion  an g e
se tz t .  Vom 1. bis 6. T ag  wurden  die Schalen  durch  tägliches A b n eh m en  des 
Deckels und  Schw enken  be lü fte t .

Zur A usw er tu n g  der  Versuche w u rd e  am 3., 6., 12., 24. und  30. Tag  
n ach  der B es trah lu n g  die S p o ru la t io n s ra te  bes t im m t.

T abelle  I

Zusammenstellung der physikalischen Faktoren, 
die in den einzelnen Bestrahlungsversuchen Anwendung fanden

Strahlenart1 Dosisleistung2 Gesamtdosis2

Röntgen 50 kV 3, 15, 20, 30 30, 60, 120
Röntgen 100 kV 2,5, 5, 10 60, 120

2,5, 15 60, 90, 210
20 90, 210
30 n X 30

n =  1 bis 15 und 30
3 5 - 4 0 30, 60

Röntgen 100 kV m it 0,2 mm 3 30. 60, 120
Cu-Blech-Abschirmung 5 - 7 30, 60

Gamma Co-60 2, 5, 7, 13 30, 60, 120
13 40
1 4 - 1 6 30, 60

1 Röntgen 50 kV: Siemens Dermopan 2, 50 kV, 25 mA;
Röntgen 100 kV: X -R ay Generator PW  [1140/00/60 m it Röntgenröhre FA 100/3 

(Fa. CHF Müller) 100 kV, 27 mA];
Gamma Co-60: 20 000 Ci, Energie 1,17 und 1,33 MeV.

2 Die Angaben wurden zur besseren tabellarischen Darstellung jeweils auf- bzw. abge
rundet. In der Regel wurde die gewünschte G esam tdosis nach einer Dosisleistungsm essung voi 
Versuchsbeginn durch Variation der Bestrahlungszeit erhalten. Nur vereinzelt erfolgte die 
Dosisleistungsbestim m ung nach dem Versuchsende m it vorher festgelegten Bestrahlungszeiten.

A m  3. u n d  6. T ag  w urden  je  300 O ocy s ten  differenziert in: a) degenerie rte  
u n d  unreife O ocysten ; b) unspo ru lie r te  O ocysten ; c) O ocysten , in denen  die 
S p o ro n ten  1. K an te n b i ld u n g ,  2. P y ra m id e n b i ld u n g ,  3. ru n d e  und  ovale Sporo- 
b la s ten  zeigten; d) voll sporu lierte  O o cys ten  u n d  e) Oocysten , in denen  A nze i
chen einer abnorm en  Sporu la tion  zu sehen  waren. Am 12., 24. u n d  30. Tag  
w u rd e  nu r  noch zwischen 3 S p o ru la t io n sg ru p p en  un te rsch ieden :  1. unre ife  und 
n ic h t  sporulierte  O ocysten , 2. voll u n d  te ilweise  sporu lierte , aber degenerie rte  
O ocysten  sowie teilweise sporulierte  O ocysten  ohne D eg en e ra t ionsersche inun 
gen, 3. voll sporu lie r te  Oocysten. in denen  m indestens noch ein Sporozoit  
m orphologisch  u n v e rä n d e r t  ( =  n ich t  degeneriert)  erschien.
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Ergebnisse

1. Bei einer A usw er tung  der V ersuchsansä tze  ergab  sich eine in A b h ä n 
gigkeit  von  dem A u sw er tu n g sze i tp u n k t  untersch ied liche  A bhäng igke it  der 
Ü b e r leb en s ra te  von  der  B estrah lungsdosis  (Abb. 1).

2. E in  großer Teil der O ocysten  w ar nach  der B es trah lu n g  n u r  noch 
b e d in g t  lebensfähig. Sie begannen  m it  einer norm alen  Sporu la tion , k o n n ten  
sie je d o c h  nicht m ehr  vollenden. J e  hö h e r  die Bestrah lungsdosis  w ar,  in desto

Abb. 1. Prozentsatz voll sporulierter E. stiedai-O ocysten (ca. 6 W ochen alt) am 6. und 30. 
Tag nach Röntgenbestrahlung (100 kV) in  A bhängigkeit von der Bestrahlungsdosis. Anzahl 

der in der Kontrollprobe sporulierenden O ocysten =■ 100%

f rü h e rem  S p oru la t ionss tad ium  b lieb  die E n tw ick lu n g  der O ocysten  stehen  
(A bb. 2). Untersch ied liche  E n tw ick lu n g ss tad ien  in der gleichen O ocyste  (z. B. 
voll entw ickelte  Sporozoiten  neben  n ich t  weiter en tw ick lungsfäh igen  Sporo- 
b la s ten )  w urden  n u r  ganz selten gesehen und  k o n n ten  n ich t  m it Sicherheit 
von  D egenera t ionserscheinungen  (s. auch  P u n k t  4) abgegrenzt werden.

3. Mit zu nehm ender  B estrah lungsdosis  t r a t  eine zunächs t  zu-, d an n  
w ieder  abnehm ende  A nzahl abnorm  sporu lie render  O ocysten  (A usbildung  von 
2 oder 3 Sporoblasten  bzw. Sporozysten , aber  auch 5— 8 Sporoh las ten  gleicher 
u n d  unte rsch ied licher  Größe) a u f  (A bb . 2).
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4. E tw a  vom 12. T a g  nach  der  B es trah lu n g  an w ar  bei jeweils gleicher 
B estrah lungsdosis  u n d  S t ra h le n a r t  eine V erm inderung  des P rozen tsa tzes  voll- 
sp o ru l ie r te r  Oocysten d u rc h  D egenera t ionsersche inungen  an den Sporozoiten  
festzus te l len  (Abb. 3 u n d  4). Die Sporozoiten  einer O ocyste  degenerierten  
dab e i  n ich t  alle gleichzeitig, sondern  in un tersch ied lichem  Maße.

E s  w ar z. B. m öglich , daß  in einer (in diesen V ersuchen noch als voll 
sp o ru l ie r t  gew erteten) O ocyste  n u r  noch ein m orphologisch  no rm a l  aussehen
der  Sporozoit zu sehen  w ar. E ine  D ifferenzierung  nach  der A nzahl der noch

50

0

Abb. 2. Anzahl der am 6. Tag nach R öntgenbestrahlung (100 kV) vorhandenen einzelnen  
Sporulationsstadien von  etw a 6 W ochen alten E. stiedai-O ocysten in A bhängigkeit von der 
Bestrahlungsdosis. Insgesam t wurden jew eils 300 O ocysten ausgezählt. N icht eingezeichnet 
wurden degenerierte und unreife O ocysten sowie O ocysten m it K anten- und Pyram iden
bildung (letztere überwiegend =  0, m axim al 6 pro Probe). X ------ X voll sporuliert:
О ------ О teilweise sporuliert: - ) - • • • • - ( -  rund, • ■ ■ ■ ■ •  oval; о ------- О nicht sporuliert

a n o r ma l
spo r u l i e r t

m orphologisch  no rm a l  aussehenden  Sporozoiten  w urde  im R ah m en  der v o r 
l iegenden Arbeit n ich t  d u rchgefüh rt .

5. N iederenergetische  S trah lu n g  (50 u n d  100 kV) schein t bei gleicher 
G esam tdosis  eine geringfügig  s tä rke re  W irk sam k e it  als höherenergetische  
S t ra h lu n g  (100 kV, m it  K upferb lech  abgesch irm t,  u n d  G am m a-S trah lu n g  
[Co-60]) zu besitzen (A bb. 3 u n d  4). Die häu fig  n iedriger liegenden Sporula- 
t io n sw er te  nach der B es trah lu n g  m it  50 kV sind infolge der U nsicherheiten
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der D osis le is tungsbes t im m ung  in diesem  E nerg iebereich  n ich t  als 100% iger  
Beweis ansehbar .  Die u n te r  P u n k t  4 e rw ä h n te ,  bei diesen V ersuchen noch  
n ich t  d u rchgefüh r te  Differenzierung n a c h  der A nzahl über lebender  Sporozoi-

3. 6. 12. T 24. 30.

Abb. 3 — 4. Prozentsatz vo ll sporulierter E. s t iedai-O ocysten in Abhängigkeit von dem  Alter  
der O ocysten , dem Auszählungstag nach der Bestrahlung und der Bestrahlungsdosis (Abb. 
3 =  G esam tdosis 30 krad; Abb. 4 =  G esam tdosis 60 krad). »Frische Oocysten« =  0 — 5 
W ochen alt, »alte Oocysten« =  7— 11 W ochen a lt. Für die einzelnen Strahlenarten (R ön tgen
strahlung 50 kV, 100 kV. 100 kV mit 0,2 m m  K upferblech abgeschirm t und Gam m astrahlen  
von  Co-60) wurde jew eils der M ittelwert sow ie der m ittlere Fehler des M ittelwertes e inge

tragen. Anzahl der in der K ontrollprobe sporulierenden O ocysten =  100%

te n  im  Verlaufe der  au f tre tenden  D egenera t ionsersche inungen  k ö n n te  bei 
w e i te ren  U n te rsu ch u n g en  möglicherweise ein eindeutigeres Bild ergeben.

6. Die E rgebn isse  weisen d a r a u f  h in ,  daß  auch  das A lter  der O ocysten  
die W irk sam k e it  d e r  B estrah lung  b e e in f lu ß t .  D eutliche U ntersch iede  zeigen
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sich am  24. und  30. T a g  nach der B es t ra h lu n g  (Abb. 3 u n d  4). E ine A na lyse  
der  Ergebnisse u n te rsch ied lich  a l te r  O ocysten  am  30. Tag  n ach  der B e s t r a h 
lung  (Abb. 5) r e c h t fe r t ig t  dabei die in A bb . 3 und  4 vorgenom m ene  E in g ru p -  
p ie rung  in »frische« u n d  »alte« O ocysten , wobei die Grenze jeweils zw ischen 
de r  5. und  7. W oche  gezogen w urde.

7. Ein E in f lu ß  d e r  Dosisleistung a u f  die S p oru la t ionsra te  Avar in n e rh a lb  
der  u n te rsu ch ten  G renzen  (s. T ab . I) n ich t  nachw eisbar.

8. Bei O ocys ten ,  die am 6. T ag  n a c h  einer B es trah lu n g  m it G a m m a -  
S trah len  (Co-60) (ca. 40 krad) voll sp o ru lie r t  w aren , k o n n te  bei in -v i t ro -E x -  
cy s ta t io n sv e rsu ch en  (nach  K r i e g , 1971) an dem selben T ag  kein U n te rsch ied

c«
Tn>,и
о
О
Cÿ

о
сз
о
CL
Ul

100 30 krad -  30.Tag
- . + 100 kV
• 1 ° 100 kV+Cu

■ о 1 * Co 60
- * 1

50 - 1

- ii •: 1
' i

________ J __________________J-----1-----1___ I___.___ i___ 1___ 1___1___ I_
3 6 9 12

W o c h e n
Abb. 5. Prozentsatz vo ll sporulierter E. stiedai-Oocysten  am 30. Tag nach der Bestrahlung  
in Abhängigkeit von der Strahlenart (R öntgenstrahlung 100 kV m it und ohne 0,2 mm K upfer
blech abgeschirmt und G am m astrahlen von Co-60) und dem Alter der O ocysten bei einer  
Bestrahlungsdosis von 30 krad. Es wurden für alle Untersuchungen O ocysten der g leichen  
H erkunft verwendet. A nzahl der in der K ontrollprobe sporulierenden O ocysten =  100%

in der  E xcy s ta t io n s-  u n d  Bewegungsra te  zu u n b e s t ra h l te n  Oocvsten fe s tg e 
s te l l t  werden.

9. Eine sich a n d e u te n d e  geringfügige, bei höheren B es trah lungsdosen  
zunehm ende  S poru la t ionsverzögerung  w u rd e  vorläuf ig  nicht n ä h e r  u n te r s u c h t .

D iskussion

Die A b häng igke it  der U berlebensra te  der  O ocysten  von  der B e s t ra h lu n g s 
dosis wurde  bereits  m eh rfach  nachgewiesen (s. S c h n e i d e r , A y e n i  und D ü r r , 

1972). In  den b isher  vorliegenden P u b l ik a t io n e n  finden sich jedoch  keine H i n 
weise a u f  die A b h än g ig k e i t  der S p o ru la t io n s ra te  von dem U n te rsu c h u n g s ta g  
n ach  der B es trah lung ,  die durch  die oben e rw äh n te  S poru la t ionsverzögerung  
(s. P u n k t  9) bis zum  6. T ag  n u r  geringgradig , vom  12. Tag  n ach  der B es trah -
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lung  an durch  die au f tre te n d en  D egenera t ionsersche inungen  (s. P u n k t  4) in  
zunehm end  s tä rk e rem  A usm aß b e e in f lu ß t  wird.

Die von F i t z g e r a l d  (1967) beschriebene  W irk sa m k e i t  von  G am m a- 
S trah len  a u f  unspo ru lie r te  E. stiedai-O ocysten  w urde b e s tä t ig t ,  jedoch  konn te  
die von ihm  angegebene z. T. v e rm in d e r te  In fek t io s i tä t  der  spo ru lie r ten  Oocy- 
s ten  n ich t  ü b e rp rü f t  werden.

E ine  gewisse A bhäng igke it  der  W irk sa m k e i t  von  der E n e rg ie  der S t r a h 
len scheint vo rh an d en  zu sein. Sie is t  jed o ch  n ich t in je d e m  F a l l  so deutlich , 
daß  die B em erkung  von  F i t z g e r a l d  (1968), die von ve rsch iedenen  A utoren  
b e n u tz te  un tersch ied liche  S t ra h le n a r t  sei n ich t  die U rsache  fü r  deren s ta rk  
vone in an d e r  abw eichende Ergebnisse , v o r läu f ig  n ich t  w ider leg t  werden kann .

E ine sign if ikan te  E rh ö h u n g  d e r  A nzahl anorm al spo ru lie render  Oocy- 
s ten  w ar  im Dosisbereich von 120 bis 360 k ra d  m it einem M ax im u m  bei e tw a 
270 k ra d  festzustellen  (Abb. 2). Bei B es trah lu n g en  m it  D osen  ü b e r  390 k ra d  
w urde  im Gegensatz zu  F it z g e r a l d  (1967) n u r  noch ganz ve re in ze l t  (<^ 1 % ) 
anorm ale  Sporu la tion  festgestellt . A us der von  F it z g e r a l d  (1967) für den 
T y p  1 seiner b eo b ach te ten  a b n o rm en  E n tw ick lu n g  gegebenen  Beschreibung 
k a n n  jedoch  v e rm u te t  werden, daß  es sich h ierbei um  keinen  E n tw ick lu n g s ty p ,  
sondern  um  die n a c h  einer le ta len  B e s t ra h lu n g  sehr b a ld  e inse tzenden , auch  
in den eigenen U n te rsuchungen  b e o b a c h te te n  D egenera tionsersche inungen  
abg e tö te te r  Sporon ten  gehandelt  h a t .

Die von F i t z g e r a l d  (1967, 1968) b eo b ach te te  höhere  E x c y s ta t io n s ra te  
b e s t ra h l te r  Oocysten  bei in -v itro -V ersuchen  kon n te  bei m i t  e tw a 40 k ra d  
(Co-60) b es trah l ten  O ocysten  n ich t b e s tä t ig t  werden.

Im  Gegensatz zu den U n te rsu c h u n g e n  von A l b a n e s e  u n d  S m e t a n a  

(1937), die bei 75 u n d  104 r/m  u n d  e iner Gesam tdosis  von  3000 r bei sp o ru 
l ie r ten  Oocysten von  E . tenella e inen  E in f lu ß  der D osis le is tung  a u f  die V er
m ehrungsra te  fes ts te l l ten , kon n te  in den  eigenen U n te rsu ch u n g en ,  allerdings 
in einem anderen  Dosisle is tungsbere ich , kein  derar t iger  E in f lu ß  a u f  das Sporu- 
la tionsergebnis  b e o b a c h te t  werden.

W eitere  U n te rsu ch u n g en  m ü ssen  k lä ren , ob die b e o b a c h te te  A bhäng ig 
ke it  der A b s te rb e ra te  noch spo ru lie render  b e s trah l te r  O o cys ten  von der Zeit 
m it  einer eventuellen  ve rm in d e r ten  R esis tenz  gegen andere  chem isch-physika
lische U m w eltfak to ren  parallel läu f t .  Bei S te r i l isa t ionsverfah ren  (z. B. bei 
Abwasser und K lä rsch lam m , aber  au ch  bei Käfigen u n d  an d e re n  Versuchs
m ateria lien), die m it  Hilfe von B e s t ra h lu n g  erfolgen, m ü ß te  dann  n icht in 
jed em  Fall die L e ta ldosis  ang ew an d t  w erden . In  A b häng igke it  von den U m 
w eltbedingungen (S e lbsterh itzung , F äu ln ise rsche inungen , A us tro ck n u n g  etc.) 
u n d  A blagerungszeiten  k ö nn ten  a u c h  suble ta le  Dosen b e re i ts  eine sichere 
A b lö tu n g  gewährleisten .

D er A ngriffspunk t (W irkungsm echan ism us)  der S trah lenschäd igung  
ließe sich u n te r  U m s tä n d e n  du rch  eine K om b in a t io n  d e r  D arste llung  der
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S p o ru la t ionsk ine tik  (A bb. 2) n ach  verschiedenen N o x e n  (UY-, R ö n tg e n 
rad io ak t iv e  B es t ra h lu n g ,  U ltrazen tr ifuga tion )  m it a n d e re n  U n te rsu ch u n g s 
m e th o d en  (biochem ische A nalysen n ach  U ltra sch a l lb eh an d lu n g ,  U n te rsu c h u n g  
v o n  R evers ib i l i tä tserscheinungen) e rm it te ln .  E ine genauere  A nalyse der  
U rsachen  ( 0 2-M angel, T e m p e ra tu re rh ö h u n g ,  Alter, B e s tra h lu n g ,  U l t r a z e n t r i 
fuga tion , D esin fek tionsm itte l)  u n d  E rsche inungsfo rm en  (inkom ple tte  S p o ru 
la t io n ,  A usbildung v o n  R iesenform en, von  Sporozoiten  ohne Sporozysten- 
hiille, Zwei- bis A ch tfach te i lung )  ab n o rm e r  S poru la t ionen  k ö n n te  h ierzu einen 
w eiteren  Beitrag  liefern .

ZUSAM M ENFASSUNG

Bestrahlungsschäden an E. stiedai-O ocysten äußern sich in verm indertem  Sporulations- 
verm ögen sowie bald nach vollendeter Sporulation eintretenden Degenerationserscheinungen. 
E s besteht eine A bhängigkeit der A btötungsrate von dem Alter der O ocysten und verm utlich  
der Energie der Strahlung.
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ACTA V E T E R I N A R I A

Т О М  2 2 - В Ы П .  4 

РЕЗЮМЕ

БАКТЕРИАЛЬНАЯ ФЛОРА ЖЕЛУДКА И ОТДЕЛОВ КИШЕЧНИКА И ИХ 
ОПРЕДЕЛЯЮЩИЕ ФАКТОРЫ У РАНО ОТБИТЫХ ПОРОСЯТ

Ф . КО ВА Ч, Б .  Н А Д Ь  и Д Ь . Ш И Н К О В И Ч

Докладывается о бактериологическом изучении желудка и кишечника 30 здоровых 
поросят до и после ранней отбивки. Поросята происходили от здоровых свиноматок и 
после отбивки в возрасте 14, 21 и 28 дней содержались или в оптимальных условиях, в. 
климатизированных камерах (три помета), или в не хуже среднего зимних условиях. 
Изучена бактериальная флора и pH на 9 пунктах желудочно-кишечного тракта и данные 
обрабатывались статистически.

В значениях pH и бактериальной флоры пилорической и кардиальной частей желудка 
не было значимой разницы. В двенадцатиперстной кишке за исключением колиформных 
микробов наблюдалось сильное торможение, что особенно выраженным было в отношении 
клостридий. В последующих отделах тонкого кишечника зарегистрировано нарастание ко
личества микробов и, таким образом, в последнем отделе подвздошной кишки уже получены 
показатели, характерные для толстых кишок. Бактериальные и условия pH слепой, обо
дочной и прямой кишок не отличались друг от друга.

При низких значениях pH (1,5—2,5) в желудке наблюдалось торможение роста 
колиформных микробов, но при наичаще регистрированных значениях pH — 2,5—4,5 — 
заметного торможения не наблюдали. В кишечнике не зарегистрировано изменений, связан
ных с pH. Между степенью наполненности тощей кишки и количеством микробов имеется 
прямая взаимосвязь, проявляющаяся в нарастании количества колиформных микробов. 
Не наблюдались изменения во флоре кишечника здоровых поросят, связанных только с 
фактом отбивки. Зато условия среды (содержания) консеквентно отражались на флоре 
кишечного тракта. Во всех отделах кишечника содержавшихся в традиционных условиях 
поросят колиформных микробов было всегда сигнификантно больше; у этих животных 
соотношение лактобациллов, стрептококков и колиформных микробов в подсосный период 
было тоже ненормальным.

КОШАЧЬИ ВИРУСНЫЕ ЗАБОЛЕВАНИЯ

I. Изучение вирусных штаммов, изолированных из пораженных верхних дыхательных
путей кошек

Ф. САЛАИ, Ш . Б Е Р Т А  и М. КИШ Ш

За время последних двух лет изоличовано 12 вирусных штаммов из 12 кошек от 
53 (22,6%), лечившихся из-за катара верхних дыхательных путей. Три среди этих штаммов 
(Мх, Мп и MJ2) идентифицированы как герпетовирусы, тогда как остальные девять (М2, 
М3. . . М10) принадлежали к риновирусам группы пикорна. Штаммы М3 и М9 изучены 
детально.

Штамм М9 отличался серологически не только от штамма М3, но и от остальных 
семи штаммов пикорна. Штамм М9 отличался от штамма М3 еще и цитопатогенным эффектом 
и менее выраженной чувствительностью к трипсину, натрию деоксихолата и хлороформу.

Среди трех штаммов, изученных на патогенность, два — М3 и М9 — оказались сильно 
патогенными для кошки, тогда как М3 был только слабо патогенным.



ДАННЫЕ К МОРФОЛОГИИ И ПАТОГЕНЕЗУ ОСТРОЙ ФОРМЫ БОЛЕЗНИ МАРЕКА
Ф . РА Ц , А. С Е К И  и А. В А Н И

На одной птицеферме, неблагополучной в течение ряда лет по острой форме болезни 
Марека среди 11 800 животных от вылупления до 10-дневного возраста ежедневно, до 
76-дневново возраста (момента убоя) еженедельно три раза изучено клинически, патолого
анатомически и бактериологически всего 87 животных и 5 задохлых эмбрионов. Кроме 
этого гистологически изучались центральная и периферическая нервные системы и опре
деленные экстранейральные органы. Последние исследования собраны в таблице.

Обнаружено, что в возрасте 41—76 дней у 83,3% животных, а в возрасте 18—39 
дней у 57,1% животных имеются лимфоидные инфильтрации как в нервной системе, так 
и в экстранейральных органах. В животных моложе 18 дней инфильтрации в нервной 
системе не обнаружены. Зато в экстранейральных органах эти изменения обнаруживаются 
уже с 2 -дневного возраста, и с 27-дневного возраста они уже носят неопластический ха
рактер. Такие изменения в нервной системе имелись очень редко. Особенно в эпителиаль
ных клетках железистого желудка обнаруживались включения типа Ковдри «А». Гисто
логические изменения обычно не сопровождались патологоанатомическими изменениями.

IV. ИЗУЧЕНИЕ ЛОКАЛИЗАЦИИ ПРЕЦИПИТИРУЮЩИХ АНТИТЕЛ ПРИ ПОМОЩИ 
ИММУНОЭЛЕКТРОФОРЕЗА В СЫВОРОТКЕ ЭКСПЕРИМЕНТАЛЬНО 

ИНВАЗИРОВАННЫХ CYSTICERCUS PISIFORMIS (BLOCH, 1780)
КРОЛИКОВ

И. Н Е М Е Т

Кролики возраста 6—7 недель и веса 700 900 г поголовно инвазировались 500
онкосферами Taenia pisiformis; у группы кроликов 60 дней позже произведена поголовная 
реинвазия 10 000 онкосферами. Образцы сыворотки, полученные в определенные сроки, 
изучались на наличие преципитинов путем двойной агар-жель-диффузии. В качестве 
антигенов использованы соматические и метаболические антигены, дальше, полные соля
ные экстракты как Т. pisiformis, так и С. pisiformis.

Сыворотки с известной преципитируюгцей активностью подвергались электрофорезу 
на агаре и потом диффундировались в направлении антигенов гельминта, козьей антисы
воротки против полной кроличьей сыворотки, и овчинной антисыворотки против глобули
нов кролика. Линии преципитации получены со всеми сыворотками в локализации гло
булинов IgG. Согласно этому нужно предполагать, что продуцируемие кроликом в ответ 
на инвазию онкосфер Т. pisiformis преципитирующие антитела принадлежат к классу им
муноглобулинов IgG.

V. ХАРАКТЕРИСТИКА ИММУННОЙ РЕАКЦИИ ПРИ ИСКУССТВЕННОЙ 
ИНВАЗИИ CYSTICERCUS PISIFORMIS (BLOCH, 1780)

У КРОЛИКОВ 
И. Н Е М Е Т

Изучалась иммунная реакция при первичной инвазии и реинвазии Cysticercus p i
siform is у кроликов.

Кролики 5—7-недельного возраста, веса 500—1000 г поголовно инвазировались 500 
онкосферами Т. pisiformis; часть животных после 60 дней реинвазировалась поголовно 
10 000 онкосферами. К 100-у дню эксперимента всех животных убили и изучили на инва- 
зированность цистицерками. После инвазий по определенному плану от животных бралась 
кровь с целью изучения на антитела.



В ответ на инвазию все экспериментальные кролики продуцировали антитела, кото
рые можно выявить пробами агар-жель-диффузионной преципитации, ларвальной преци
питации и индиректной гемагглютинации.

Гемагглютинирующие антитела на второй неделе инвазии у всех инвазированных 
животных появились и были выявимыми до конца эксперимента. Характерным для дина
мики накопления гемагглютининов явилось то, что их средний титр со второй недели 
инвазии постепенно повышался и своего пика достиг к 50-у дню и потом немного пони
зился.

Динамика нарастания преципитирующих антител показывала ту же картину, как и 
динамика нарастания агглютининов. Преципигирующая активность наблюдалась первый 
раз на 2-ой неделе инвазии; своего пика она достигала между 6-ой и 10-ой неделями, по
том стала заметно слабеть, но налицевствовала еще даже к 100-у дню инвазии.

Реинвазия животных 100 000 онкосферами и 60-у дню от первой инвазии вызывала 
быстрое повышение количества гемагглютинирующих и преципитирующих антител.

Типы появившихся иммуноглобулинов определялись пробами фракционированного 
высаливания, электрофорезом в агарных блоках, ионо-обменной хроматографией на 
ДЕАЕ Сефадекс-е А—50, чувствительностью к меркаптоэтанолу и элекрофоретическим 
анализом антисывороток против комплексов антиген-антитело, полученных из сывороток 
кроликов при помощи соматических и/или метаболических антигенов Т. pisiformis и С. 
pisiformis. Эти наблюдения показали, что инвазия кроликов онхосферами Т. pisiformis 
провоцирует образование как комплексного, так и гетерогенного, иммунологического 
ответа. За время инвазии образуются антитела не меньше чем против четырех антигенных 
компонентов паразита. Эти антитела принадлежат к двум различным иммуноглобулино
вым классам: в ответ на первую инвазию образуются антитела типа IgG. После реинвазии 
доминируют антитела IgG, но имеются и антитела типа IgM.

ДАННЫЕ К УСТОЙЧИВОСТИ ООЦИСТ EIMERIA STIEDAI 
К ОБЛУЧЕНИЮ РЕНТГЕНОВЫМИ И ГАММА ЛУЧАМИ 

Й. Д Ю Р Р  и В. Р А Й З Е Р

Повреждения от облучения на ооцистах Eimeria stiedai проявляются в ослаблении 
споруляционной способности или в наступлении явлений дегенерации после завершения 
споруляции. Имеется взаимосвязь между степенью гибели и возрастом ооцист и возможно 
между энергией облучения.
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