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FOETAL ACTIVE IMMUNIZATION 
OF CALVES FOLLOWING INOCULATION 
OF THE DAM WITH A BOVINE VIRAL 

DIARRHOEA VACCINE (VÉDÉVAC)

B y

K . B o g n á r *

C ontrol In s t i tu te  for V e te rin a ry  Serobacterio log ical P ro d u c ts  
(D irector: Gy . K u c ser a ), B u d ap es t

(R eceived M arch  16, 1972)

T he ob se rv atio n  t h a t  th e  calves b o rn  to  cows in o cu la ted  w ith  th e  live bovine v ira l 
d iarrhoea  (BVD) vaccine V édévac (Sim o n y i e t ah, 1967) du rin g  th e  second sem ester of p re g ­
n ancy  possessed specific se ru m  an tibodies a lread y  p rio r to  th e  in ta k e  of colostrum , w as 
f irs t  described in a p re lim in a ry  report in 1969 (B o g n á r , 1969). Since th en , succesful p ro tec ­
tio n  of p reg n an t cows a n d  th e ir  offsprings b y  V édévac has been  su b s ta n tia ted  u n d e r field  
conditions by  the  clin ical a n d  epizootological o b se rv atio n s o f K o ó s an d  B erecz  (1971) and  
Szabó (1971) in  a h e rd  exp o sed  to BVD. T h is  phenom enon of “ fo e ta l active  im m u n iza tio n ” , 
w hich  was in itially  d e m o n s tra te d  in  the  calves o f a few  cows o n ly , is therefore  now p o stu la te d  
to  be general in occurrence.

The im m u n ity  ev o k ed  in the  calves concerned  m u st hav e  arisen  in  th e  foetus, because 
according to  th e  still v a lid  assertion  of S c h n e id e r  and  Sza th m áry  (1939), no an tibod ies 
can  cross the  ch o rio -ep ithe lia l p lacen ta  from  th e  m ate rn a l in to  th e  fo e ta l circula tion .

The stim u la tio n  of a  fo e ta l an tib o d y  response by  BVD v iru s has been confirm ed inde­
p en d en tly  by  th ree  A m erican  groups. W a rd  e t al. (1969) in fec ted  11 serologically negative  
p reg n an t cows w ith  v iru le n t virus. D irectly  a fte r  p a r tu r it io n , th re e  of th e  new born calves 
showed sym ptom s of th e  d isease, w hereas fo u r h ad  developed  serological an tibodies to  th e  
agen t and  were n o t a ffec ted . Classick  e t al. (1970) in fec ted  a suscep tib le  4-year-old cow, 
p rev iously  checked sero log ically  twice ev ery  y ear, w ith  v iru le n t BVD virus and rem oved  
her foetus 33 days la te r  b y  C aesarean o p e ra tio n . No v irus could  be iso lated  from  th e  organs 
and  ly m p h  nodes of the  fo e tu s , b u t its se rum  con ta in ed  specific a n ti -B \  D antibodies. F in a lly , 
K ahrs e t al. (1970) h av e  described  an o u tb re a k  of BVD in a c a ttle  h e rd  during  w hich e ig h t 
of 29 p reg n an t cows a b o r te d  and  two calves developed cerebellar hypoplasia . Of 14 calves 
exam ined  serologically, e ig h t h ad  serum  an tib o d ies  p rio r to  th e  in ta k e  of the  co lostrum

These d a ta  su p p o rt m y earlier conclusion th a t  B \  D v iru s  can gain access 
to  th e  bovine foetus a n d  th e re , depend ing  on its  n a tu re , e ith e r stim u la te  a n ti­
b o d y  fo rm ation  or p ro d u ce  changes ch a rac te ris tic  o f th e  disease.

W hile these  o th e r  au th o rs  s tu d ie d  th e  effect o f v iru le n t B \  D v irus on 
th e  ca lf foetus, th e  ex p erim en ts  re p o rte d  here  were ca rried  ou t w ith  th e  aim  
o f im prov ing  con tro l o f  th e  disease, p a r tic u la r ly  w ith  reg a rd  to  th e  p ro tec tion  
o f calves w hich are exposed  to v iru le n t v irus from  b ir th  onw ards.

* T echnical a ssistan ce : J .  Ma r ja i.
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2 BOGNÁR

M aterial an d  m ethods

Vaccine. T he  p re p a ra tio n  “ V éd év ac”  (P H Y L A X IA , B u d ap est)  w as 
em ployed  for im m u n iz a tio n  o f th e  cow s. T his vaccine co n ta in s  BYD v irus 
o f  th e  Oregon C24V  s tra in , m odified  b y  seria l tran sfe rs  in  em bryon ic  ca lf k idney  
ep ith e lia l cell c u ltu re  a n d  a lte rn a te  passages in  anim als (S i m o n y i  e t al., 1967).

Tissue culture. T h e  ex am in a tio n s w ere carried  o u t on m o n o lay er cu ltu res 
o f  try p sin ized  ca lf  te s tic le  cells, u sing  a g ro w th  m edium  o f 0 .5 %  lac ta lb u m in  
h y d ro ly sa te  in  H a n k s ’ so lu tion  c o n ta in in g  15— 20%  ca lf serum .

E xperim enta l an im a ls. The in v es tig a tio n s  were co n d u c ted  in  a prev iously  
in fec ted  herd  o f th e  “ G y ö ngyv irág”  A g ricu ltu ra l C ooperative, E g erág  (H u n ­
g ary ).

Vaccination. A to ta l  of 102 cows w ere v acc in a ted  w ith  2 m l V édévac 
in tram u scu la rly , d u rin g  th e  second sem este r o f p regnancy . O f th ese , 31 were 
g iven  a single in je c tio n  12— 113 d ay s  before  p a r tu r itio n , w hile 71 were v a c ­
c in a te d  once 33— 127 day s before ca lv in g  an d  a second tim e  25— 35 days la te r . 
B lood  sam ples w ere ta k e n  from  all cows on th e  day  o f th e  f ir s t  v acc in a tio n  
a n d  also from  72, on th e  day  o f p a r tu r i t io n , along w ith  co lostra l sam ples. 
W h en ev er possible, se ru m  sam ples w ere ta k e n  from  th e  calves p rio r  to  th e  f irs t 
suck in g  and again  a t  3— 10 days o f  age. A th ird  blood sam ple  w as collected 
from  20 of th e  ca lves betw een  37 an d  215 days of age.

Virus neutra liza tion  test. B lood se ru m  and  colostral sam ples w ere assayed 
fo r an tib o d y  c o n te n t b y  v irus n e u tra liz a tio n  te s t in ca lf tec tic le  m onolayer cell 
cu ltu res . F or th is  p u rp o se , serial fou r-fo ld  d ilu tions of each sam ple , in cu b a ted  
fo r 30 m inu tes a t  56 °C, were ad d ed  to  100— 300 T C ID 5(I o f th e  v iru s. The 
m ix tu re s  were in c u b a te d  for 1 h o u r  a t  37 °C th en  0.2 ml w as tran sfe rred  to  
each  of th ree  tu b e  cu ltu res , e ith e r  im m ed ia te ly  a fte r th is  o r a f te r  fu r th e r  
in cu b a tio n  for 1 h o u r  a t  4 °C. T he tu b e  cu ltu res were observed  fo r 7 days and  
th e  50%  virus n eu tra liz in g  dose o f  th e  sernm  or colostrum  лгав assessed from  
th e  degree of cell d e s tru c tio n .

Q u a n tita tiv e  d e te rm in a tio n s  o f  th e  v iru s dose used in th e  n eu tra liza tio n  
te s t  were carried  o u t  in  five rep lica  tu b e  cu ltu res for each d ilu tio n  step . In  
ev e ry  case, the  sam e an ti-B Y D  h y p e rim m u n e  serum  p re p a ra tio n  (P H Y L A X IA , 
B u d ap est) was used  as serum  co n tro l.

Sam ples ta k e n  a t  d ifferen t tim es  from  each cow and  h e r ca lf  w ere ex am ­
ined sim u ltan eo u sly . All sam ples w ere  s to red  a t  —20 °C u n til  use.

R esu lts

Im m unological status o f  the herd. BYD was first observed  am ong rearing  
s to ck  on th e  fa rm  in  1967, w hen  15%  o f th e  calves bo rn  in  th a t  y ea r died 
( H e l l n e r  et a l., 1969). F rom  th e n  up  to  th e  tim e o f th e  p re se n t s tu d y , th e

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



FOETAL ACTIVE IMMUNIZATION 3

m an ag em en t h ad  a rran g ed  for reg u la r v acc in a tio n  o f all calves w ith  V édévac 
a t  a b o u t 10 days o f age an d  again one m o n th  la te r.

This and  o th e r s tr ic tly  observed  con tro l m easures h a d  th e  re su lt th a t  
no sym ptom s of BYD occurred  su b se q u e n t to  1967, and  no ca lf  died from  
th e  disease. N on-im m unized  cows h a d  show n no sy m p to m s o f BYD a t th e  tim e 
o f th e  o u tb reak , a lth o u g h  the  cow houses were sited alongside th e  rea rin g  p re ­
m ises. N evertheless, th e  v irus had  p ro b a b ly  been in tro d u c e d  in to  th e  cow 
houses as well, because 37 of the  102 cow s exam ined  e x h ib ite d  specific serum  
an tib o d ies . The a n tib o d y  titres  assessed  in serum  sam ples from  24 o f these 
cows ranged  from  1 : 16 to  1 : 640, w ith  a m ean t i t re  o f 1 : 280. T he d is tr ib u ­
tio n  o f serum  an tibod ies in th e  солее accord ing  to  age is show n in T ab le  I.

Table I

Age d is tr ib u tio n  of cows w ith  a n d  w ithou t serum  an tibodies

Age (years) 3 4 5 6 7 8 9 10 11 12 13

N um ber 3 11 19 11 25 12 9 3 6 2 1

Serum  antibodies absent 2 6 18 7 15 4 8 1 4 - -

Serum  antibodies present 1 5 1 4 10 8 1 2 2 2 1

T he d a ta  clearly  p o in t to  a high su scep tib ility  of th e  5 -year-o ld  age group. 
A t th e  tim e  of the  o u tb re a k , cows of th is  age group h ad  been k e p t in th e  heifer 
rea rin g  prem ises, w here no disease h a d  occurred .

Titration o f serum samples collected on the day o f  parturition*

The serum  a n tib o d y  t i t re  of th e  dam s rose m easu rab ly  w hen a t  least 
14 days h ad  elapsed bettveen  v a c c in a tio n  and  p a r tu r it io n . T he e x te n t of 
vaccine-induced  a n tib o d y  fo rm ation  d iffe red  accord ing  to  w h e th e r an tibod ies 
were a lread y  p resen t or ab sen t in th e  cow  a t th e  tim e  o f v acc in a tio n . Serum  
sam ples tak en  on the  d a y  o f p a r tu r itio n  from  10 orig inally  suscep tib le  anim als 
w hich h ad  been v acc in a ted  on a single occasion h ad  a m ean  n eu tra liz in g  a n ti­
b o d y  t i t r e  o f 1 : 869, co m p ared  w ith  1 : 1426 for sam ples from  37 such  cows 
v acc in a ted  on two occasions.

T he average p re -v accin a tio n  t i t r e  o f  th ree  on ce-v accin a ted  cows w hich 
possessed an tibodies p rio r  to  im m u n iza tio n  was 1 : 126 w hile a t p a r tu r itio n

* M ean titre s  were ca lcu la ted  solely fro m  th e  d a ta  o f th o se  an im als w hich calved, 
o r were born , a t  least 14 d ay s  a fte r  v acc in a tio n .

1 * Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



4 BOGNÁR

th e  sam e anim als d isp lay ed  an  average  serum  ti t r e  o f 1 : 236. F o r 20 tw ice- 
v a cc in a ted  cows, also possessing  an tibod ies p rio r to  im m u n iza tio n , th e  average 
p re -v accin a tio n  t i t r e  w as 1 : 320 an d  th e  t i t r e  a t  p a r tu r it io n  1 : 1190 (see 
T a b le  11).

Table II
D istribution  of cows according to  serological and colostra l a n tib o d y  levels

No. of 
vaccinations

Pre- ' Test 
vaccination | m aterial 

status

N e u t r a l i z a t o n  t i t r e Total 
no. of 

samples

Mean

Negative cc — 40 54 - 410 6 40 -3480 >  6553
titre

serum 0 i 3 6 0 10 869
N egative

co lostrum 0 0 1 2 7 10 10,067
Single

dose I
serum 0 ] 1 1 0 3 236

Positive
co lostrum 0 0 1 2 1 4 2509

serum 0 2 6 27 2 37 1426
Negative

co lostrum 0 o 0 8 23 31 9684
Tw o

doses
serum 0 3 9 7 1 20 1190

Positive
co lostrum (1 0 1 11 8 20 5565

serum 6 0 0 0 0 6 0
N egative :

co lostrum 6 0 0 0 0 6 0
U nvacc.

con tro l
serum 0 2 3 2 0 7 223

Positive
co lostrum 0 1 0 3 3 7 5772

A n tib o d y  content o f the colostrum

Samples for c o lo s tra l a n tib o d y  d e te rm in a tio n  w ere o b ta in e d  from 65 o f  
th e  v accinated  cows. C o lostrum  from  those w hich  h ad  d isp layed  no serum  
an tibod ies a t v a c c in a tio n  n eu tra lized  th e  v iru s in  th e  t i t r e  ran g e  1 : 2560 — 
1 : 16,384, the  av e rag e  co lostra l a n tib o d y  t i t r e  o f 10 such  cows v acc in a ted  on  
a single occasion w as 1 : 10,067, while th a t  o f  31 tw ice -v acc in a ted  cows w as 
1 : 9684.

As w ith  th e  se ru m , the co lostrum  of cows w hich h ad  a lread y  possessed 
an tibod ies a t v a c c in a tio n  d isp lay ed  a low er n eu tra liz in g  effect com pared  to  
co lostrum  from  o rig in a lly  su scep tib le  an im als: th e  average  co lostra l a n tib o d y  
t i t r e  of o nce-vaccina ted  cows w as 1 : 2509 (range: 1 : 5 4 —1 : 16,384) a n d  
th a t  of the  tw ice -v acc in a ted  cows 1 : 5565 (range: 1 : 6 4 0 —1 : 16,384) (see 
T ab le  II).

Acta J eterinaria Academiae Scientiarum Hungaricae 23, 1973



FOETAL ACTIVE IMMUNIZATION 5

P re-sucking v irus neutralizing serum  titres o f  calves fro m  cows 
vaccinated during pregnancy

O f th e  72 v a c c in a ted  cows concerned , 48 did n o t possess serological a n t i ­
bodies on th e  d ay  o f v acc in a tio n . Calves o f 34 cows from  th e  la t te r  group h ad  
an tibod ies in  serum  sam ples tak en  p rio r to  th e  f irs t  suck ing . Calves d ro p p ed  
by  o nce-vaccina ted  cows an d  possessing an tib o d y  p rio r to  th e  in ta k e  o f 
co lostrum  show ed a m ean  serum  a n tib o d y  t i t re  o f 1 : 1231 (range: 1 : 10 — 
1 : 3480), com pared  w ith  1 : 4046 (range: 1 : 160— 1 : 10,240) for those b o rn  
to  tw ice-v accin a ted  dam s.

T he calves of th e  24 cows w hich a lread y  h ad  an tib o d ies  a t  v acc in a tio n , 
p roduced  no an tibod ies th em selves, regard less of w h e th e r th e  dam  was v a c ­
c inated  once or tw ice (see T ab le  I I I ) .

Table III

A n tibody  levels o f calves b o rn  to  th e  exam ined  cows

Number Titre Number Titre

No. of 
vaccinations

Pre-vaccination 
s ta tu s of cow o f  c a l f  s e r a  e x a m i n e d

before 1st sucking a t 3 — 10 days of age

N egative 6 1231 3 5631
Single dose

Positive 4 0 3 115

N egative 28 4046 25 5623
Two doses

P ositive 20 0 15 265

N egative 6 0 6 0
U nvaccinated  contro l

P ositive 7 0 4 38

Serum  antibody titres o f  calves at 3— 10 days o f  age

The d a ta  have  to  be  d iv ided  in to  tw o  groups fo r ev a lu a tio n , accord ing  
to  w hether th e  calves a lre a d y  possessed an tibod ies a t  b ir th , or only acqu ired  
them  passively  th ro u g h  in ta k e  of co lostrum .

T w en ty -e ig h t calves h a d  a m ean p re-co lostra l serum  an tib o d y  t i t re  of 
1 : 5630 (range: 1 : 218— 1 : 10,240). A n tib o d y  levels acq u ired  only  th ro u g h  
sucking th e  co lostrum , on th e  o th e r h a n d , d id  n o t exceed  1 : 115—1 : 265. 
Sim ilar t i t re  va lues w ere fo u n d  in those cases in  w hich th e  cow h ad  orig inally  
been susceptib le , b u t  h e r c a lf  d id  no t d isp lay  an tibod ies before th e  f irs t  su ck ­
ing (see T ab le  I I I ) .
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Serum  antibody titres o f  calves between 37— 215 days o f  age

T he serum  of 12 calves w hich h a d  possesed p re-co lostra l an tibod ies was 
ex am in ed  again 44— 215 days a fte r  p a r tu r i t io n . The m ean p re-co lostra l serum  
t i t r e  o f these an im als w as 1 : 2174, b u t  1 1/2— 7 m onths a f te r  b ir th  th is  h ad  
d eclined  to  1 : 1490 (ran g e : 1 : 218— 1 : 2560) (see T ab le  IV ).

Table TV

Serum  a n tib o d y  levels o f calves a t  31 — 215 days o f age

Designation 
of calf

Serum antibody titre
Age a t 2nd 

blood sampling

Serum antibody 
ti tre  a t  2nd 

samplingbefore 1st 
sucking

3 10 days 
of age

393/1 160 — 44 218

233/1 10,240 - 59 2560

290/1 2560 6553 67 1638

378/1 3480 3480 107 640

135/1 640 2560 126 2560

60/1 160 2560 170 2560

258/1 10,240 10,240 170 410

243/1 870 6553 177 640

197/1 870 3480 209 218

325/1 218 3480 210 1638

369/1 4096 4096 211 2560

236/1 2560 2560 215 2660

319/1 neg. - 37 160

250/1 neg. — 42 25

157/1 neg. 160 52 25

350/1 neg. — 56 54

190/1 neg. 410 73 40

377/1 neg. 1638 100 25

201/1 neg. 25 114 neg.

152/1 neg. 160 131 4

T h e  serum  titre s  o f  calves acq u irin g  th e  an tibodies p assive ly  th ro u g h  th e  
co lostrum  fell g rad u a lly  w ith  age a n d  in  no case a tta in e d  th e  levels o f ac tiv e ly  
fo rm ed  an tibod ies. A t 37— 131 d ay s o f  age, th e  average se ru m  t i tre  was 1 : 41 
(ran g e : 0— 1 : 160).
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FOETAL ACTIVE IMMUNIZATION 7

Serological and colostral antibody contents o f  unvaccinated  
control cotvs

Serum  sam ples an d  co lostrum  collec ted  from  13 u n v a c c in a ted  cows on 
th e  d ay  o f p a r tu r it io n  as w ell as th e  p re -su ck in g  serum  sam ples o f th e ir  calves 
w ere exam ined .

In  six  o f  th e  cows no an tib o d ies  w ere d e tec ted  e ith e r in serum , or colos­
tru m , while th e  o th e r seven h ad  a m ean  se ru m  titre  of 1 : 223 an d  th e ir  colos­
tru m  n eu tra lized  th e  v iru s u p  to  an  av erag e  d ilu tion  of 1 : 5772. T he co lostral 
a n tib o d y  levels o f th e  n a tu ra lly  in fec ted  cows f lu c tu a te d  con sid erab ly  betw een  
in d iv idua ls.

The calves o f tho se  cows w hich  possessed n e ith e r serological, no r co lostral 
an tib o d ies  a t  p a r tu r it io n , d id  n o t acqu ire  an tibod ies from  th e  dam . T ests  on 
th e  serum  o f th e  calves of four from  th e  seven  cows w hich possessed an tibod ies 
d e m o n s tra te d  th a t  th e  serum  a n tib o d y  t i t r e  o f the  y o u n g  an im als a t  3— 
10 days o f age depended  on th e  a n tib o d y  c o n te n t o f th e  co lostrum , b u t  was 
on  average only  1 : 38 (Tables I I I  an d  IY ).

Passive im m u n ity  conferred by a n ti-B V D  hyperim m une serum

A t b ir th  calves o f th ree  u n v a c c in a ted  cows no t possessing a n tib o d y  on 
th e  d ay  of p a r tu r it io n , w ere tre a te d  in tra v e n o u s ly  w ith  100 m l h y p erim m u n e  
se ru m . The serum  n eu tra lized  7350 T C ID 50 v iru s  a t 1 : 1536 d ilu tio n . T hree 
d ay s  a fte r  tre a tm e n t th e  calves d isp layed  se ru m  an tib o d y  levels o f 1 : 40— 
1 : 54, and  th is  declined to  1 : 14 b y  th e  21st day .

D iscussion

T he in v es tig a tio n s  d e m o n s tra te  t h a t  th e  BYD vaccine V édévac  success­
fu lly  im m unizes p re g n a n t cows. T he vaccine is innocuous fo r th e  cotvs an d  
for th e  foetus th ro u g h o u t in tra u te r in e  life. T h e  m ain  ind ica tio n  o f th e  vaccine 
is in  herds in w hich th e  disease occurs reg u la rly  am ong th e  calves an d /o r 
cotvs, or in w hich exposure can n o t be p rev en ted .

V accination  o f th e  cows d u ring  p reg n an cy  p resen ts tw o a d v an tag es . One 
is th a t  it boosts th e  degree o f p ro tec tio n  bestow ed  by th e  co lo stru m  a ru le 
to  w h ich  th e re  are  only few in d iv id u a l excep tio n s; a high co lostra l a n tib o d y  
level can  be en su red  for th e  new born  ca lf  b y  p icking th e  o p tim a l tim e  for 
v acc in a tio n  o f th e  dam . The o th e r a d v a n ta g e  is th a t  if  th e  dam  is suscep tib le  
a t  v acc in a tio n , th e  vaccine v iru s m ay  gain  access to  th e  fo e tu s  an d  th e re  
s tim u la te  a n tib o d y  p ro d u c tio n , so th a t  th e  ca lf  is a lready  a t  b ir th  p rov ided  
w ith  a sign ifican t degree o f  ac tive  p ro tec tio n .
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The co lostral a n tib o d y  level c an n o t be d e te rm in ed  before p a r tu r it io n , 
b u t  th e  p re -p a r tu r itio n  serum  titre s  p rov ide  som e gu ide  to  th e  ex p ec tab le  
p ro tec tio n . I t  m ay  be  a sse rted , w ith  certa in  re se rv a tio n s , th a t  serum  a n tib o d y  
ti tre s  re flec t th e  co lo stra l a n tib o d y  c o n te n t: h igh p re -p a r tu r itio n  serum  a n t i ­
b o d y  levels a lm ost in v a ria b ly  signified a h igh  degree o f  su bsequen t co lostra l 
p ro tec tio n . The p a ra lle l s tu d ies  o f serum  an d  co lostrum  sam ples from  65 cows 
show ed th a t  th e  a n tib o d y  levels in  co lostrum  w ere alw ays higher th a n  in  
serum . The con tro l te s ts  on  13 u n v acc in a ted  cows u n d erlin e  th e  p o in t t h a t  if  
h u m o ra l an tibod ies are  a b se n t, i t  is like ly  th a t  no specific  an tibod ies w ill 
ap p e a r in  th e  co lo s tru m  e ith er.

The serum  a n tib o d y  level a tta in e d  depended  to  som e ex ten t on w h e th e r 
v acc ina tion  w as ca rr ied  o u t once or tw ice. I t  seem s im p o r ta n t to  no te , h o w ­
ever th a t  while in  h a lf  th e  cows a lready  possessing an tib o d ies  a t  v acc in a tio n  
th e  serum  a n tib o d y  t i t r e  d id  n o t rise above th e  average  level evoked in  response  
to  n a tu ra l in fec tion  (1 : 300), am ong th e  cows w hich  w ere susceptib le  befo re  
th e  f irs t v acc in a tio n , on ly  13%  h ad  co m p arab ly  low  levels a t p a r tu r i t io n . 
On th e  o th e r h a n d , th e  m ean  co lostral v iru s  n eu tra liz in g  t i t re  was 1 : 2500 in  
orig inally  u n su scep tib le , once-vaccinated  cows b u t  1 : 5500 in tw ice-v accin ­
a ted  anim als. A lth o u g h  th ese  t i tre s  w ere assessed a t  re la tiv e ly  low d ilu tio n s , 
th e  colostral a n tib o d y  co n ten ts  o f th e  an im als in q u es tio n  were su ffic ien t to  
confer a useful p assiv e  im m u n ity .

Specific an tib o d ie s  also appeared  in  th e  serum  a n d  colostrum  o f n a tu r ­
a lly  in fected  cows. A t th e  onset o f — or even d u ring  —  an  o u tb reak , how ever, 
on ly  p a r t of th e  h e rd  m ay  come in to  c o n ta c t A\ith th e  in fectious m a te r ia l: in  
th e  cow herd  s tu d ie d , 65 o f 102 cows d id  n o t possess serological an tib o d ies . 
Cows w hich becom e in fec ted  w ith  v iru le n t v iru s in  an  advanced  s ta te  of 
p regnancy  m ay  becom e severely  affected  b y  th e  d isease and even m ay  n o t 
secrete co lostral a n tib o d ie s , if  th e  tim e  betw een  in fec tio n  and  p a r tu r it io n  is 
too  short for th e  d ev e lo p m en t o f an im m une response. The colostral a n tib o d y  
levels v a ry  g re a tly  w ith  th e  in d iv idua l because th e y  depend  on th e  tim e  of 
infection , in d iv id u a l su scep tib ility , v iru lence  o f th e  in fectious agen t, e tc . In d i ­
v idua l cases o f passive  im m uniza tion  can be reg a rd ed  as an estab lished  fac t, 
because i t  is o ften  o bserved  th a t  some o f th e  rea rin g  calves from  an in fec ted  
herd  develop n e ith e r  sym p to m s nor oral lesions d u rin g  th e  firs t tw o m o n th s 
o f life, even w hen  th e  rea rin g  prem ises are overcrow ded . Calves w hose dam  
e ith e r ca tch  th e  disease or come in to  c o n ta c t w ith  th e  agen t, acquire  a d e q u a te  
passive p ro tec tio n  th ro u g h  th e  co lostrum  to  p re v e n t infection  for a ce rta in  
tim e.

O f th e  102 cows v acc in a ted , 37 a lread y  possessed serum  an tib o d ies  p rio r 
to  tre a tm e n t. S erum  from  24 cows of th is  group an d  p re-sucking  serum  sam ples 
of th e ir calves w ere exam ined . None of th e  calves bo rn  to  dam s a lready  im m une  
a t  v accination  possessed v irus n eu tra liz in g  serum  an tib o d ies  prior to  th e  in ta k e
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of co lostrum , in d ica tin g  th a t  th e  v iru s cou ld  n o t have h ad  access to  th e  fo e ta l 
o rgan ism . T h is ru le  ap p eared  to  be u n re la te d  to  th e  ac tu a l serum  a n tib o d y  
level o f th e  cow, even if  th e  p re -v acc in a tio n  m ate rn a l an tib o d y  level w as only  
m easu rab le  in  u n d ilu te d  serum . A p p a re n tly , even a low m a te rn a l se ru m  a n t i ­
bo d y  c o n te n t w as su ffic ien t to  n eu tra lize  th e  v iru s c o n te n t of th e  v acc in ^  in  
vivo. T he  sam e process p ro b ab ly  tak es  p lace  w hen th e  ca lf  acquires m a te rn a l 
an tib o d ies  from  th e  co lostrum : such p assiv e  a n tib o d y  seem s able to  in h ib it 
v iru s m u ltip lic a tio n  to  th e  degree th a t  no sym p to m s ap p ear. T he sam e applies 
to  th e  p ro te c tio n  of th e  ca lf b y  in o cu la tio n  w ith  h y p erim m u n e  se rum .

T he h igh  serum  an d  colostral a n tib o d y  levels s tim u la ted  b y  th e  v a c c in a ­
tio n  of su scep tib le  cows suggest th a t  th e  B Y D  vaccine v iru s can p e rs is t in  th e  
h o st o rgan ism  for a long tim e , all th e  w hile  exerting  an  ad d itio n a l an tig en ic  
stim u lu s. If , how ever, serum  antibod ies a re  a lread y  p resen t p rio r to  v a c c in a ­
tio n , th e y  la rg e ly  im pede th is  function  o f  th e  v iru s, and  th e  effect o f th e  v a c ­
cine is red u ced  to  th a t  of a single an tigen  b o o s te r , to  w hich th e  vaccine resp o n d s 
accord ing  to  its  in d iv id u a l sen sitiv ity . In  th e  in te rests  o f p ro m o tin g  an tig en ic  
ac tion  to  th e  fu llest possible ex ten t we recom m end  a tw o-dose im m u n iza tio n  
schedule fo r p re g n a n t cows, because i t  can  n o t generally  be a sc e rta in ed  in 
p rac tice  w h e th e r an y  given an im al o f a h e rd  is s till suscep tib le  or a lread y  
possesses an tib o d ies . E v en  if  the  la t te r  sh o u ld  be th e  case, t re a tm e n t w ith  tw o 
im m uniz ing  doses will p roduce  an average  co lostra l an tib o d y  level o f 1 : 5000, 
w hich is su ffic ien t to  p rov ide  a good passiv e  p ro tec tio n  o f th e  new born  calves.

T he se ru m  of 3— 10 days old calves bo rn  to  orig inally  im m u n e , tw ice- 
v acc in a ted  cows d isp layed  an  average  v iru s  neu tra liz in g  t i t re  o f 1 : 265 — 
rough ly  o n e -tw en tie th  o f th e  m a te rn a l co lo stra l an tib o d y  co n ten t.

T he occurrence of foe ta l active im m u n iza tio n  can be reg a rd ed  as f irm  
evidence th a t  th e  ca lf possesses im m uno log ica lly  co m p eten t cells c ap ab le  of 
specific a n tib o d y  p ro d u c tio n  a lready  d u rin g  in tra u te r in e  life. A m ong th e  calves 
o rig in a tin g  from  48 cows n o t possessing an tib o d ie s  p rio r to  v acc in a tio n , 34 h ad  
serological an tib o d ies  a lread y  before f ir s t  suck ing . R eference has been  m ade 
in th is  c o n te x t to  th e  s ta te m e n t of S c h n e i d e r  and  S z a t h m á r y , th a t  no 
m a te rn a l an tib o d ies  can reach  th e  bovine fo e tu s  in in tra u te r in e  life. T h e  f in d ­
ing th a t  24 calves h ad  h igher p re-suck ing  se ru m  a n tib o d y  levels th a n  th e ir  
dam s is fu r th e r  p ro o f of th e  rea lity  o f fo e ta l ac tive  im m uniza tion .

The e x p e rim en ta l d a ta  fail to  ex p la in  w h y  only 70%  of th e  calves b o rn  
to  dam s fo u n d  suscep tib le  a t  th e  f irs t v a c c in a tio n  h ad  ac tive  an tib o d ies  a t  
b ir th . As y e t  o n ly  a te n ta tiv e  answ er can  be advanced . Possib ly  th e  ap p lied  
m eth o d  w as n o t sensitive enough to  d e te c t m in u te  q u an titie s  of a n tib o d y . I t  is 
know n th a t  h u m o ra l an tibod ies d isap p ear from  th e  blood sooner or la te r  fo l­
low ing convalescence, w hereas th e  ce ll-bound  p ro tec tiv e  m echan ism  p ersis ts  
and  is im m ed ia te ly  re a c tiv a te d  on renew ed exposure  to  the an tigen  (in fectious 
m a te ria l, vaccine). The w ide range of a n tib o d y  levels assessed on th e  d a y  of
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v acc in a tio n  in th is  ex p erim en t suggests t h a t  th e  invo lvem en t of a ce llu la r 
im m une  m echanism  indeed  can n o t be excluded .

The th eo re tica l aspec ts  of th e  problem  an d  th e  id en tifica tio n  of th e  fo e ta l 
o rg an  responsible fo r a n tib o d y  p ro d u c tio n  rem a in  th e  top ics for fu rth e r  s tu d y .

The occurrence of ac tiv e  a n tib o d y  p ro d u c tio n  d u ring  foeta l life is fu r th e r  
a ffirm ed  by  th e  m easu rem en ts  of serum  a n tib o d y  levels in several m o n th s old 
calves. The ac tive  a n tib o d y  level acqu ired  d u rin g  foeta l life, rises a fte r  th e  in ­
ta k e  o f the co lostrum  th e n  ten d s  to  decline g ra d u a lly : b u t  it  is still fa irly  h igh  
a t  6— 7 m onths o f age, u sua lly  co rresp o n d in g  w ith  th e  in itia l, p re -suck ing  
va lu e . A gainst th is , th e  level o f an tib o d ies  acq u ired  th ro u g h  the  co lo stru m  
falls slowly, b u t  co n tin u o u sly . T he co lo stra l p ro tec tio n  bestow ed on th e  ca lf  
depends on th e  o rig inal co lostra l a n tib o d y  level, b u t irrespective  of th is  b y  
3— 4 m onths it h as  e ith e r  van ish ed  co m p le te ly  or rem ains only  in trace s . T he 
fa c t th a t  calves w ith  ac tiv e  and  passive im m u n ity  were k e p t to g e th e r on  th e  
fa rm  has to  be c o u n ted  as an ex p e rim en ta l e rro r, because the  an im als m ay  
h av e  picked up an tig en  b y  co n ta c t, an d  th is  n a tu ra l  exposure m ay h av e  re in ­
fo rced  the  im m unogenic  stim u lu s. N ev erthe less exposure w ould p re su m ab ly  
h av e  been u n ifo rm , an d  in an y  case, th is  does n o t a lte r  th e  conclusion th a t  
im m u n ity  acq u ired  in  fo e ta l life is firm  an d  du rab le .

Acknoivledgements. T he a u th o r  is in d eb ted  to  th e  m an ag em en t o f th e  “ G y ö n g y v irág ” 
A g ricu ltu ra l C ooperative  F a rm  for consen ting  to  th e  field  ex p erim en t; to  Dr. J .  H e l l n e r , 
D is tr ic t  V e terin arian , fo r carefu l o b se rv a tio n  of th e  v a cc in a ted  an im als; to  Mr. J .  BÓLYI 
fo r  carefu l collection of th e  blood sam ples; and  to  D r. L. L e n k e i and  Mr. B. H e g e d ű s  for 
assistance  in th e  lab o ra to ry  w ork.

SU M M A RY

Field s tud ies in  a ca ttle  herd prev iously  in fec ted  w ith  bovine v iral d ia rrhoea  (B V D ) 
confirm ed  an earlier o b se rv a tio n  th a t  th e  m a jo rity  o f th e  calves o f susceptib le cows v a cc in a ted  
ag a in s t the  disease in  th e  second sem ester of p re g n an c y  develop an  active  im m u n ity  to  th e  
a g e n t during  fo e ta l life, w hereas th e  offsprings o f cows a lread y  possessing specific an tib o d ies  
a t  th e  tim e of v a cc in a tio n  do n o t possess an y  d e te c ta b le  active  im m u n ity  a t b ir th . I t  was 
fo u n d  th a t  a tw o-dose v acc in a tio n  schedule (w ith  in o cu la tio n  of th e  p reg n an t cows a t  2 and  
1 m o n th s , re spec tive ly , before th e  ex p ec ted  te rm ) ensu res a firm  active  im m u n ity  fo r th e  
calves of o rig inally  suscep tib le  cows and  a h igh  degree of passive co lostra l p ro tec tio n  fo r th e  
calves bo rn  to d am s w hich  a lread y  possessed a n tib o d ies  a t  th e  tim e of the  f irs t v a cc in a tio n . 
T he p rep ara tio n  V édévac (P H Y L A X IA , B u d ap es t)  p ro v ed  innocuous for the  p re g n a n t cow 
an d  th e  foetus.

A dditiona l p ro tec tio n  o f the  calves b y  v a cc in a tio n  la te r  in life is, neverth e less , im ­
p o r ta n t ,  because screen ing  of the  young  an im als fo r active  or passive im m u n ity  to  BVD 
v iru s  is im p racticab le  u n d e r field  conditions. Tw o doses o f vaccine, given a t  the  age of 1 — 2 
m o n th s  and 30 d ay s la te r , s tim u la te  an  active  im m u n ity  by  th e  tim e th e  co lostra l p ro te c ­
tio n  declines.

V accination  o f p re g n a n t cows and  calves is s tro n g ly  recom m ended  in p rob lem  herds 
in  w hich BVD occurs reg u la rly , as well as in  cases w here exposure  o f th e  young an im als c an n o t 
be p reven ted .
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IMMUNOLOGICAL STUD\r OF RABBIT CYSTICERCOSIS

V I. ISO LA TIO N  O F  S P E C IF IC  A N T IB O D IE S  
FRO M  S E R U M  O F R A B B IT S  IN F E C T E D  W IT H  T H E  L A R V A L  

FO R M  O F T A E N I A  P I S I F O R M I S  
(BLOCH. 1780) G M E L IN . 1790

B y

I . N é m e t h

V ete rin a ry  M edical R esearch  In s t i tu te  (D irec tor: D. D erzsy ),
H u n g a rian  A cadem y of Sciences, B u d ap es t

(R eceived M arch  20, 1972)

In  th e  serum  of ra b b its  infected w ith  oncosphaeres o f T aenia  p is ifo rm is  (B loch, 1780) 
G m elin , 1790 (C estoda: T aen iid ae) an tib o d ies a re  fo rm ed to  an tigen ic  co m ponen ts of th e  a d u lt 
ta p e w o rm  and  its  la rv a l stage. Serum  a n tib o d ie s  to  th e  p a ras ite  have  been  d e m o n s tra ted  
b y  sev e ra l tes ts , such  as ring  p re c ip ita tio n  (Ca m pb el l , 1938; Sh u l ’ts an d  I sm agilova , 
1965), in  vitro p re c ip ita tio n  of a rtificially  h a tc h e d  and  a c tiv a ted  oncosphaeres (S ilv er m a n , 
1955; 1956), agar gel d iffusion  p rec ip ita tio n  (N é m e t h , 1965), com plem en t f ix a tio n  (Sh u l’ts 
an d  I smagilova , 1965) a n d  ind irect h a em ag g lu tin a tio n  (Sh u l ’ts and  I sm agilova , 1965; 
N é m e t h , 1965).

I t  has been show n th a t  th e  hum oral im m u n e  response of ra b b its  to  ex p erim en ta l infec­
tio n  w ith  T. p isifo rm is  oncosphaeres is h e terogeneous. A lthough  th e  b u lk  of th e  an tib o d ies 
fo rm ed  belong to  th e  Ig G  class, h ig h -titre  se ru m  collected from  ra b b its  in fec ted  on tw o occa­
sions also con tained  an tib o d ies  of the  IgM ty p e  (N é m e t h , 1972 b). A ntibodies to  th e  an tigen ic  
co m p onen t(s) of the  p a ra s ite  have no t as y e t  been  iso lated  fro m  th e  serum .

This paper re p o rts  the  iso la tion  of pure  an tibod ies from  th e  serum  of 
r a b b its  ex p erim en ta lly  in fected  w ith  T . p is ifo rm is  oncosphaeres.

A cta  Veterinaria Academ iae Scien tiarum  H ungaricae, Tom us 23 (1 ) , p p . 13 —  23 (1973)

M aterials an il m ethods
A n tig en s

T he acid-soluble frac tio n  of a c ru d e  e x tra c t of in fective la rv ae  o f T. p is i ­
fo r m is  (N é m e t h , 1971) w as used as a n tig e n  for th e  p re p a ra tio n  of th e  im m uno- 
a b so rb e n t and in th e  a g a r gel d iffusion  p rec ip ita tio n  te s ts .

T he an tigen  fo r in d irec t h a e m a g g lu tin a tio n  te s ts  w as p rep a red  from  
T . p is ifo rm is  b y  th e  m e th o d  of L a n c e f i e l d  (1928), as m odified  b y  N é m e t h  
(1965).

A n tisera

P re c ip ita tin g  po lyspecific  goat im m u n e  serum  to  r a b b it  se rum  p ro te in s , 
a n ti- r a b b it  IgG -f- IgM  sheep im m une  serum  an d  m onospecific  a n ti- ra b b it 
IgG  a n d  a n ti-ra b b it IgM  sheep im m une  sera  were p rep a red  as described  p re ­
v io u sly  (N é m e t h , 1972 a, b).
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Serum  o f  infected rabbits

T w en ty  New  Z ea lan d  ra b b its  aged 5— 6 w eeks, w eighing 700— 900 g, 
were each  infected  w ith  500 T. p is ifo rm is  eggs ad m in is te red  d irec tly  in to  th e  
s to m ach  b y  m eans o f a ru b b e r  tu b e  f i t te d  to  a syringe. The eggs were iso lated  
from  g rav id  p ro g lo ttid s  spo n tan eo u sly  passed  by  ex p e rim en ta lly  in fec ted  dogs, 
as described  p rev iously  ( N é m e t h , 1970). F o r ty  days a fte r  th e  in fection , one h a lf  
of th e  ra b b its  w as k illed  by  ex san g u in a tio n  th ro u g h  th e  ca ro tid  a rte ry , the  
o th e r h a lf  was re in fec ted  w ith  10,000 eggs a t  th e  6 0 th  d ay  and  killed  by  b leeding 
40 day s la te r . Serum  sam ples w hich re a c te d  p o sitiv e ly  in th e  ag ar gel diffusion 
p re c ip ita tio n  te s t  w ere selected , tho se  o f sim ilar t i t r e  in  in d irec t h aem agg lu ti- 
n a tio n  te s t  (IH A ) b e ing  pooled for fu r th e r  in v es tig a tio n . F o u r serum  pools 
were th u s  p rep ared  fo r a n tib o d y  iso la tio n : pools I and  I I  (h aem ag g lu tin a to n  
[H A ] ti tre s  of 1 : 640 an d  1 : 160, re spec tive ly ) from  sam ples collected  a t  
4 0 th  days a fte r  th e  f irs t in fec tion ; and  pools I I I  and  IV  (H A  titre s  of 
1 : 1536 an d  1 : 4096), from  sam ples collected  40 days a fte r  th e  second in fec­
tion . T he serum  pools w ere s to red  a t — 20 °C w ith o u t p rese rv a tiv e .

Preparation o f  the immunoabsorbent

T he w orking p rincip le  w as ad o p ted  from  A v r a m e a s  an d  T e r n y n c k

(1969) in  th a t  the  p ro te in s  p resen t in  th e  an tig en  so lu tion  w ere po lym erized  
w ith  g lu ta ra ld eh y d e . P re lim in ary  p o ly m eriza tio n  ex p erim en t carried  ou t in 
th is  la b o ra to ry  a t p H  4 and  5 (in 0.2 M ace ta te  b u ffe r), p H  6, 7 and  9 (in 0.1 M 
p h o sp h a te  buffer) show ed th a t  if  10— 20 mg g lu ta ra ld eh y d e*  is added  for 
every  100 mg p ro te in -an tig en , com plete  in so lub iliza tion  of all p ro te in s in th e  
an tig en  solu tion  (co n cen tra tio n : 15 ing/m l) ta k e s  place overn igh t in th e  pH  
range 4— 6. A ccord ingly , p o ly m eriza tio n  was th e re a f te r  carried  ou t a t  pH  5 as 
follow s: 200 mg bov ine  serum  album in** teas ad d ed  as ca rrie r p ro te in  to  an  
an tig en  so lu tion  co n ta in in g  100 m g p ro te in , an d  th e  m ix tu re  was d ialysed 
a g a in s t several changes of a ce ta te  bu ffe r (0.2 M. p H  5.0), for 6 hours u n d e r 
con tin u o u s m agnetic  stirring .

A fter d ialysis th e  p H  was checked  an d , if  necessary , a d ju s te d  to  p recisely  
5 w ith  1.0 M ace ta te  b u ffe r (pH  5.0). F ifteen  m g g lu ta ra ld eh y d e  in 2 .5%  aq u e ­
ous so lu tion  was th e n  added  for every  100 m g of p ro te in  and  th e  m ix tu re  was 
allow ed to  s ta n d  o v ern ig h t a t room  te m p e ra tu re . A fte r th e  add ition  of g lu ta r ­
a ld eh y d e , th e  f in a l c o n cen tra tio n  o f p ro te in s  w as ab o u t 20 m g/m l. The fu r th e r  
tre a tm e n t of the  gel fo rm ed  as a re su lt o f p ro te in  in so lub iliza tion  corresponded 
in  ev e ry  resp ec t w ith  th e  procedure  o f A v r a m e a s  and  T e r n y n c k  (1969).

* R eanal, B u d a p e s t, H ungary .
** P h y lax ia , V e te r in a ry  B iologicals and  F eed stu fs , B u d ap es t, H u n g ary .
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Absorption and  elu tion  o f  antibodies

Iso la tio n  of an tibodies from  th e  serum  of in fected  ra b b its  w as carried  
o u t accord ing  to  th e  b a tc h  p ro ced u re  o f  A v r a m ea s  an d  T e r n y n c k  (1969). 
A n a p p ro p ria te  q u a n tity  of th e  im m u n o a b so rb e n t was ad d ed  to  p rev iously  
d e fa tte d  serum  in  centrifuge tu b e s , th e  suspension  was slow ly s tir re d  fo r 30 m in 
a t  room  te m p e ra tu re  and  th e n  c e n tr ifu g e d  a t 3000 rev o lu tio n s p e r  m inu te  
(r .p .m .) for 15 m in a t 4 CC. I f  a n tib o d ie s  w ere still dem o n strab le  in  th e  su p e r­
n a ta n t  b y  IH A  te s t ,  the  p ro ced u re  w as re p e a te d  w ith  a fresh  a liq u o t o f a b ­
so rb en t. The im m u n o a b so rb e n t-a n tib o d y  com plex was su sp en d ed  in  100 ml 
iso ton ic  saline, w ashed , and  cen trifu g ed  a t  3000 r.p .m . for 15 m in. T he com ­
b in ed  w ashing  an d  sed im en ta tion  p ro ced u re  was con tinued  u n til  th e  O .D . of 
th e  su p e rn a ta n t a t  280 nm  m easu red  b y  U nicam  SP-500 sp ec tro p h o to m ete r 
reach ed  ab o u t 0.02. The w ashing f lu id  w as collected, co n c e n tra ted  by  u l t r a ­
f i l t ra t io n  and  te s te d  for an tib o d ies  b y  IH A  te s t.

T he abso rbed  p ro teins w ere e lu te d  (i) in 0.1 M glycine-H C l b u ffe r (pH  
2 .8), or (ii) in  2.5 M and th en  5.0 M M gC l, so lu tion  in 0.05 M T ris-H C l buffer 
(p H  7.5). In  case (i) th e  w ashed  im m u n o ab so rb en t w as su sp en d ed  in  4 m l 
e lu e n t, s tirre d  fo r 10 m in a t room  te m p e ra tu re  and  cen trifuged  a t  10,000 r.p .m . 
fo r 15 m in  a t  4 °C, th en  th e  en tire  p ro ced u re  was rep ea ted  tw ice over. In  case
(ii) e lu tio n  was carried  ou t tw ice in  20 m l each of 2.5 M MgCL, so lu tion  and  
once in  20 m l 0.5 M MgCl2 so lu tio n , in  th e  sam e m anner as above.

T he cen trifu g ed  eluates w ere m ix ed , passed th ro u g h  an asbesto s filte r  
p a d , d ia ly sed  ag a in s t frequen t ch an g es o f  isotonic saline, c o n c e n tra ted  b y  
u ltra f il tra tio n , d ialysed  against p h o sp h a te -b u ffe red  saline (P B S : 0.04 M, 
p H  7.3) co n ta in in g  0.01%  m e rth io la te , a n d  sto red  a t  4 °C u n til  use.

D em onstration o f  antibodies

A ntibod ies in  whole serum  a n d  a n tib o d y  p rep ara tio n s w ere d e m o n s tra te d  
b y  IH A  and  ag a r gel diffusion p re c ip ita tio n  tests.

Ind irect haem agglutination test (IH A ) was carried  o u t w ith  ta n n e d  
e ry th ro c y te s  as described  p rev iously  ( N é m e t h , 1965). The h a e m a g g lu tin a tio n  
sy s tem  w as checked  before each t e s t  w ith  th ree  s ta n d a rd  sera  w ith  t i tre s  of 
1 : 256, 1 : 1024, 1 : 4096 and  o n ly  u sed  i f  these reac ted  w ith  th e  an tig en - 
co a ted  red  blood cells according to  th e ir  t i t r e  and the req u is ite  con tro ls  w ere 
clear. F ro m  each te s t  sam ple se ria l tw o fo ld  d ilu tions were m ade , beg inn ing  
a t 1 : 2, 1 : 3 an d  1 : 5 in itia l d ilu tio n s  a n d  th e  highest d ilu tio n  s till p ro duc ing  
com ple te  h aem ag g lu tin a tio n  was re g a rd e d  as the  reaction  t i t re .

A g a r gel d iffu sio n  precip ita tion  te s t  w as perform ed b y  th e  ra d ia l double 
d iffusion  p rocedure , as described p re v io u s ly  (N é m eth , 1971).
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Im m unoelectrophoretic analyses were perfo rm ed  in  an  1 .5%  Difco N oble 
A gar gel* buffered  w ith  veronal so d iu m -so d iu m  ace ta te -H C 1  (pH  8.6, ionic 
s tre n g th  0.05) (N é m e t h , 1972 a).

Ultrafiltration  w as carried  ou t b y  n eg a tiv e  p ressu re  dialysis a t  a b o u t 
50— 100 mm H g, u s in g  8 DC dialysis tub ing**  (Cr a ig , 1968).

Defatting o f  serum  used  for an tib o d y  iso la tio n  w as m ade w ith  chloroform , 
accord ing  to  the  p ro c e d u re  of W o er n le  (1961).

Determination o f  antibody content

D ete rm in a tio n  o f  th e  p ro te in  co n ten t o f im m u n o p rec ip ita te s  was p e r ­
fo rm ed  by  the q u a n t i ta t iv e  p rec ip ita tio n  m eth o d  o f D é v é n y i and Ge r g e l y  
(1963), using F o lin  C iocalteu  phenol reag en t. I n  ev e ry  case, th ree  rep lica  
m easu rem en ts w ere m a d e  on 2 ml sam ples.

Q uantita tive determination o f  IgG and Ig M  globulins

The am oun ts o f  Ig G  and  IgM  e lu ted  from  im m u n o a d so rb e n t-a n tib o d y  
com plexes were d e te rm in e d  b y  m eans o f m onospecific  a n ti-ra b b it IgG  an d  
a n ti- ra b b it  IgM sheep  im m une serum , accord ing  to  th e  procedure of F a h e y  
and  M c K e l v e y  (1965).

Protein determ inations  were carried  o u t b y  th e  m eth o d  of Chase an d  
W illiam s  (1968), u s in g  F o lin -C ioca lteu  pheno l reagen t.***

R esults

A fter a b so rp tio n  w ith  th e  inso lub ilized  a n tig en , no an tibodies w ere 
dem onstrab le  in  th e  se ra  e ither b y  IH A  or b y  ag a r gel diffusion p re c ip ita tio n  
te s ts . No an tib o d ies  w ere found e ith e r  in  th e  w ash ing  flu id  of the  im m uno- 
a b s o rb e n t-a n tib o d y  com plex.

R esults o f th e  e lu tio n  of im m u n o ab so rb en t-asso c ia ted  p ro teins w ith  th e  
tw o solvent system s a re  show n in T able I. The to ta l  y ie ld  o f th e  original se ru m  
a n tib o d y  p ro te in  c o n te n t  recovered b y  e lu tion  w as 83— 96%  and  54— 64 %  in 
g ly c in e-H C l b u ffe r  (0.1 M, p H  2.8) and  in M gCl2 so lu tions, respectively .

Analysis o f th e  co n cen tra ted  e lu a tes  (1— 4 m g p ro te in /m l) by  gel d iffu ­
sion, using m onospecific  a n ti-ra b b it IgG  an d  a n ti- ra b b it  IgM  and  polyspecific  
a n ti- ra b b it  im m une se ra , estab lished  th a t  th e  p ro te in  com position  of the  e lu te d  
m a te ria l differed w ith  th e  so lvent, a lth o u g h  fresh  im m u n o ab so rb en t from  one

* Special A g a r-N o b le , Difco L abora to ries, D e tro it, M ichigan, U.S.A.
** Union C arb ide  C orp., Chicago, Illinois, U .S.A .
*** Fischer S c ien tific  Co., F a ir L aw n, N ew  Y ersey , U .S.A .
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an il th e  sam e b a tc h  w as used th ro u g h o u t. W ith  all serum  pools te s te d , th e  
m a te r ia l  e lu ted  w ith  MgCl2 c o n ta in e d  exclusively  IgG , w hereas w hen  th e  
g lycine-H C l buffer w as used for e lu tio n  th e  e luates w ere fo u n d  to  co n ta in  IgM  
as w ell in  case of se ru m  w ithd raw n  40 d ays a f te r  re in fec tion  (pools I I I  a n d  IY ). 
T he serum  sam ples o f  rab b its  in fe c te d  on a single occasion (pools I  a n d  I I )  
c o n ta in e d  IgG, exclusively , never a n y  IgM , irrespective  o f th e  e lu tin g  so lv en t. 
P o lyspecific  a n ti- ra b b it  goat im m u n e  se ru m  failed to  d e te c t serum  p ro te in s  
o th e r  th a n  IgG or IgM  in all a n tib o d y  p re p a ra tio n s  o b ta in ed .

Table I

Y ield  o f  proteins e lu ted  after abso rp tio n  o f ra b b it  serum  on  th e  im m u noabsorben t

Serum absorbed
M aterial eluted in

glycine-HCl 
(0.1 M, pH  2.8)

MgCl,
(2.5 M and 5.0 M)

Serum
pool

Antibody
protein
/ig/ml

H A
titre

Yrolume
(ml) T o ta l q u an tity  

of elu ted  protein
(m g)

HA
titre**

T otal quantity  
of eluted protein

(mg)

Ha
titre**

i. 480 1 : 640 20 8.0 (83.3% )* 1 : 512 6.2 (64.6% )* 1 : 384
i l 250 1 : 160 20 4.4 (88 .0% ) 1 : 128 3.2 (64.0% ) 1 : 96

i n . 820 1 : 1536 20 15.8 (96 .3% ) 1 : 1280 9.0 (54.9% ) 1 : 768
IV. 900 1 : 4096 20 17.2 (90 .6% ) 1 : 3072 11.0 (61.1% ) 1 : 2048

* F igures in  b rack e ts  ind ica te  the an tib o d y  y ield calcu la ted  from  th e  ra tio  of th e  a m o u n t 
o f e lu ted  pro tein  to th e  an tibody-p ro te in  c o n te n t o f  th e  whole serum .

** H ighest d ilu tion  o f e lu ted  m ateria l s till  g iving full haem ag g lu tin a tio n  w hen th e  e luate  
w as co n cen tra ted  to 20 ml.

C onsisten t re su lt were o b ta in ed  b y  im m unoelec trophore tic  analysis  of 
th e  e lu a te s  against polyspecific  a n t i - r a b b i t  goat im m une serum , a n ti- ra b b it  
IgG  4  IgM  sheep im m une  serum  an d  m onospecific  a n ti- ra b b it  IgG  an d  a n t i ­
r a b b it  IgM  sheep im m u n e  sera. The re su lts  o f one such analysis are p re sen ted  
in  F ig . 1. The p re c ip ita tio n  line re p re se n tin g  IgG  ap p eared  w ith  all a n tib o d y  
p re p a ra tio n s , w hereas th e  line co rresp o n d in g  to  IgM teas only p resen t in 
m a te ria ls  o rig inating  fro m  serum  pools I I I  and  IV  and  recovered  from  th e  
a b so rb e n t b y  elu tion  w ith  glycine-H C l b u ffe r. No o th e r classes of se rum  p ro ­
te in s  could be de tec ted  w ith  the po lyspecific  a n ti- ra b b it goat im m une serum , 
a lth o u g h  th is  an tise ru m  reac ted  w ith  a t  le a s t 18— 22 serum  com ponen ts of 
d iffe ren t an tig en ic ity  u p o n  im m u n o e lec tro p h o re tic  analyses o f norm al r a b b it  
se rum .

T he to ta l  q u a n titie s  of im m unog lobu lin s recovered  from  th e  d iffe ren t 
serum  pools are show n in  Table II . T he to ta l  a m o u n t of IgG  -f- IgM  globulins,
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as d e te rm in ed  b y  sim ple rad ia l im m unod iffu sion , was alm ost id en tica l w ith  
th e  to ta l  am ount o f a n tib o d y  p ro te in  d e te rm in ed  b y  th e  F o lin -C io ca lteu  phenol 
re a g e n t. The q u a n ti ty  of IgM  am o u n te d  to  8 .1— 9.4%  o f th e  to ta l  im m u n o ­
g lo bu lin  co n ten t o f  th e  e luates.о

T he p ro te in s e lu te d  from  th e  im m unoabsorben t, w ere assayed  for a n t i ­
b o d y  a c tiv ity  b y  th e  gel d iffusion p re c ip ita tio n  an d  IH A  te s ts . All four o rig inal 
se ru m  pools re a c te d  in  th e  fo rm er te s t ,  a d is tin c t p re c ip ita tio n  a rch  being  
fo rm ed  w ith  all fo u r close b y  th e  se ru m -co n ta in in g  well, w hile w ith  th ree  pools 
th e re  also ap p eared  ad d itio n a l, w 'eaker arches, located  fu r th e r  aw ay from  th e  
se ru m  well, to w ard  th e  an tigen  w ell: one a rch  w ith  pool I an d  tw o arches each  
w ith  pools I I I  an d  IV . T he a n tib o d y  p re p a ra tio n s  likew ise p re c ip ita te d  th e  
a n tig e n  and  p ro d u ced  id e n tity  reac tio n s w ith  th e  p re c ip ita tio n  arches o f th e

Table II

T o ta l q u an tities o f IgG  and  IgM im m unoglobulins e lu ted  from  th e  im m unoabsorben t

Serum absorbed
IgG (mg) IgM (mg) IgG (mg) IgM (mg)

Serum
pool

Volume
(ml)

glycine-H Cl 
(0.1 M, p l l  2.8)

MgCl2
(2.5 and 5.0 M)

I. 2« 8.4 0 6.4 0

и . 20 4.8 0 3.6 0

i n . 20 14.8 1.3 9.2 0

IV . 20 15.8 1.64 11.2 0

correspond ing  se ru m  (F ig . 2). I t  should  be m en tioned  th a t  th e  an tig en  con­
c e n tra tio n s  req u ired  for o p tim a l p re c ip ita tio n  reac tio n s v a ried  accord ing  to  
th e  serum  pools an d  th e  a n tib o d y  p re p a ra tio n s , hence it  was d ifficu lt to  
d e m o n s tra te  all p re c ip ita tio n  lines on a single p la te .

The resu lts  o f  IH A  te s ts  ca rried  o u t w ith  th e  sam e b a tc h  of an tig en - 
sensitized  e ry th ro c y te s  on th e  sam e d ay  a re  show n in T ab le  I. The reac tio n  
t i t r e s  o f the  e lua tes recovered  in  g lycine-IIC l b u ffe r and M gCl, so lu tion  a m o u n t­
ed  to  75—83%  anti 5 0 —60%  of th e  o rig inal serum  ti tr e ,  respective ly , if  th e  
e lu a te  was c o n c e n tra ted  to  the o rig inal vo lum e of the  serum  pool (20 m l). 
I f , how ever, th e  co n cen tra tio n  o f th e  e lu a te  was so a d ju s te d  th a t  its  p ro te in  
c o n te n t closely a p p ro x im a te d  to  th e  a n tib o d y  p ro te in  c o n te n t o f th e  o rig in a l 
se ru m  pool, th e  reac tio n  titre s  w ere n ea rly  id en tica l. T he m in im al a n tib o d y  
p ro te in  co n ten t s till capab le  o f p ro d u c in g  fu ll h aem ag g lu tin a tio n  v a rie d  
b e tw een  0.27 an d  1.72 pg/m l w ith  th e  d iffe ren t p re p a ra tio n s  and was of s im ila r 
o rd e r of m ag n itu d e  to  th e  m in im al a n tib o d y  p ro te in  co n ten t requ ired  for a fu ll 
re a c tio n  w ith  th e  orig inal serum  (0.17— 1.56 /ig/m l).
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Fig. 1. Im m u n o e lec tro p h o re tic  analysis o f p ro te in s  e lu ted  from  th e  im m u n o ab so rb en t. 1, 3, 
P ro te in s from  serum  pools I  and II (eluted w ith  0.1 M, pH  2.8 glycine-H Cl buffer); 2, N o rm a l 
ra b b it se rum : 4, 5, P ro te in s  from  serum pool IV (e lu ted  w ith  MgCL so lu tion  and 0.1 M, p H  
2.8 g ly cin e -H C l b u ffer, respectively); A, G o a t an ti-w h o le  ra b b it serum ; B , Sheep a n ti- ra b b it  

IgG  -|- IgM  im m u n e  serum; C, Sheep  a n ti- ra b b it  IgM im m une serum

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



2 0 NÉMETH

F ig . 2. Gel diffusion  analy sis  o f p re c ip ita tin g  a n tib o d ie s  in  whole serum  of infected  ra b b its  
a n d  in  m ate ria l e lu te d  fro m  im m u n o ab so rb en t. C o n ten t o f wells: 1, Serum  pool I ;  2, M a te ria l 
iso la ted  from  serum  pool I  (tw o d ifferen t p re p a ra tio n s ) ;  3, Serum  pool I I ;  4, M aterial iso la ted  
fro m  serum  pool I I  ( th re e  d ifferen t p re p a ra tio n s) ; 5, M ateria l iso la ted  from  serum  pool I I I ;  
6, Serum  pool I I I ;  7, N o rm a l ra b b it  serum ; 8, M a te ria l iso la ted  from  serum  pool IV ; 9, S e ru m  
poo l IV ; 10, PB S (0.01 M, p H  7.1); 11, 12, 13, 14 a n d  15, A n tigen  solu tions con ta in ing  4, 8, 

12 and 3 m g/m l p ro te in , respec tive ly

D iscussion

A v r a m e a s  a n d  T e r n y n c k  (1969) o b served  th a t  add itio n  of g lu ta ra l-  
dehyde  to  p ro te in  so lu tions resu lts in th e  fo rm a tio n  of insoluble p ro te in  d e r iv ­
a tiv e s  th ro u g h  th e  e s tab lish m en t o f c o v a le n t cross-linkages betw een th e  free 
am ino  groups o f c e r ta in  p ro te ins. F u r th e r  ex am in a tio n s  w ith  d ifferent p ro te in -  
an tig en  — a n tip ro te in -a n tib o d y  system s d e m o n s tra te d  th a t  g lu ta ra ld eh y d e - 
insolubilized  p ro te in -an tig en s  can be u tiliz ed  as specific and  stable im m u n o - 
ab so rb en ts  for th e  iso la tion  from  serum  o f h u m o ra l an tibod ies in an im m uno- 
chem ically  pu re  s ta te . The f irs t to  iso late  an tib o d ie s  to  p a rasites by  th is  m e th o d  
w as P é r e z - E s a n d i  (1970), w ho, using  p o lym erized  sheep h y d a tid  f lu id  as 
im m u n o ab so rb en t, w as able to  isolate p u re  an ti-ech inococcus an tibod ies from  
th e  serum  of h u m a n  p a tie n ts  suffering fro m , or a rtific ia lly  im m unized a g a in s t, 
hydatidosis .

E arlier s tu d ie s  on the  h um ora l a n tib o d y  response of rab b its  to  in fec tio n  
w ith  oncosphaeres o f Taenia p isifo rm is  h av e  estab lished  th a t  in the  course
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of cysticercosis, th e  p a ras itic  an tigens induce th e  fo rm atio n  of an tib o d ies  of 
ch iefly  th e  IgG  class an d  to  a lesser e x te n t th e  IgM  class (N é m e t h , 1972 a ,b ) .  
Th is o b se rv a tio n  is su b s ta n tia te d  by  th e  p resen t iso lation  of b o th  classes of 
an tib o d ies  from  th e  serum  of e x p e rim en ta lly  in fec ted  ra b b its  b y  m eans of 
a g lu ta ra ld eh y d e -im m u n o ab so rb en t. M ost a n tib o d y  p rep a ra tio n s  consisted  in 
fac t, o f IgG  alone; IgM -type an tibod ies w ere p re sen t only in  the serum  o f tw ice- 
in fec ted  an im als, a t  con cen tra tio n s as low as 9— 10%  of th e  IgG  a n tib o d y  
co n te n t. The failu re  to  iso late IgM  an tib o d ies  from  th e  serum  of once-infected  
ra b b its  is explicab le  e ith e r b y  th e ir  genuine absence, or b y  th e ir  p resence in  
such  low co n cen tra tio n s as to  be u n d e te c ta b le  by  the  app lied  m ethod .

All a n tib o d y  p rep a ra tio n s  co n ta in ed  im m unochem ically  pure an tib o d ies , 
because no serum  p ro te in s  o th e r th a n  IgG  or IgM  could be d e tec ted  w ith  th e  
app lied  po lyspecific  a n ti- ra b b it goat im m une serum , e ith e r  b y  im m unoelec tro - 
phoresis, o r b y  gel diffusion analysis.

The q u a n ti ty  o f pu re  a n tib o d y  p ro te in  recovered  from  th e  im m uno- 
a b so rb e n t v a ried  from  54— 96%  of th e  a n tib o d y  p ro te in  co n ten t in th e  orig inal 
se rum , w hich  corresponds w ith  th e  y ie ld  o b ta in ab le  from  o th e r a n tig e n -a n ti­
bo d y  system s (A v r a m e a s  an d  T e r n y n c ic , 1969; P é r e z - E s a n d i , 1970). T he 
y ield  w as m uch h ig h er if  th e  h o u n d  an tib o d ies  w ere e lu ted  from  th e  im m uno- 
a b so rb e n t w ith  g lycine-H C l bu ffer (0.1 M, p H  2.8) th a n  w ith  2.5 an d  5.0 M 
M gCl2 so lu tions. A p a rt from  th e  difference in  th e  m echanism s o f ac tion  o f th e  
tw o so lven ts, tw o fu r th e r  c ircum stances m ay  be involved  here. On th e  one 
h a n d , th e  inso lubilized  an tigen  sed im en ted  v e ry  slowly in the  co n c e n tra ted  
MgClo so lu tio n , so th a t  p a r t  of th e  im m u n o ab so rb en t to g e th e r w ith  a co r­
re sp o n d in g  a m o u n t o f s till u n e lu ted  a n tib o d y  m ay  have  been  lost a t  each  
cen trifu g a tio n . On th e  o th e r h an d , rem o v a l of M gCl2 b y  dialysis from  th e  so lu ­
tio n  co n ta in in g  th e  e lu ted  p ro te in s caused  a m arked  increase of th e  d ia ly san d  
volum e an d  su b seq u en t co n cen tra tio n  re su lted  in  th e  fo rm atio n  of a g re a te r  
or lesser a m o u n t o f insoluble p rec ip ita te . As i t  is know n th a t  o f th e  g lobulins 
above all th e  m acroglobulins have a p ro p e n s ity  to  aggregate , th e  fo rm atio n  
o f such  a p re c ip ita te  m ay  be held  responsib le  fo r th e  failu re  to  recover IgM  
an tib o d ies  from  e lu a tes  o b ta in ed  w ith  M gCl2 so lu tion , desp ite  th e  fa c t th a t  
th e  IgM  an tib o d ies  w ere ev id en tly  abso rbed  b y  th e  insolubilized  a n tig en , to  
ju d g e  from  th e ir  successful recovery  w ith  g ly c in e -H C l e lu an t.

T h a t th e  a n tib o d y  p ro te in s  iso la te d  b y  m eans of th e  insolubilized  an tig en  
re ta in  th e ir  specific an tig en  com bining a c tiv ity  is confirm ed b y  th e  resu lts  
o f th e  IH A  and  agar gel diffusion p re c ip ita tio n  te s ts . The H A  titre s  o f th e  
a n tib o d y  p re p a ra tio n s  w ere u sua lly  low er th a n  those  of th e  orig inal se rum , 
b u t  th is  decrease w as clearly  due to  a loss o f a n tib o d y  p ro te in  associated  w ith  
th e  p ro ced u re  r a th e r  th a n  to  a decline of an tig en  com bining cap ac ity . I f  th e  
p ro te in  co n cen tra tio n  of th e  an tib o d y  p re p a ra tio n  closely ap p ro x im a ted  th e  
a n tib o d y  p ro te in  co n te n t o f th e  orig inal se rum  th e  respective  H A  titre s  w ere
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a lm o st equal. Also, th e  low est q u a n ti ty  o f  a n tib o d y  pro te in  still capab le  of 
p ro d u c in g  a full h a em ag g lu tin a tio n  reac tio n  in the  IH A  te s t was w ith in  th e  
sam e o rder o f m ag n itu d e  fo r whole se ru m  an d  an tib o d y  p rep a ra tio n .

T he acid-soluble frac tio n  used for a n tib o d y  iso lation  is a com plex a n t i ­
gen , consisting  of a t  le a s t th ree  d iffe ren t com ponen ts, accord ing  to  th e  gel 
d iffusion  analyses. T he fa c t th a t  th e  p re c ip ita tio n  arches form ed by  the  various 
a n tib o d y  p rep a ra tio n s  in  these  te s ts  co rresp o n d ed  in every  respect w ith  those 
fo rm ed  un d er sim ilar cond itions b y  th e  orig inal whole serum  ind ica tes th a t  
th e  iso lated  pu re  an tib o d ies  p reserved  th e  re a c tiv ity  of th e  orig inal serum  
to  a ll an tigen ic  com ponen ts.

S everal a u th o rs  h av e  rep o rted  th a t  p ro tec tiv e  an tibod ies are form ed in 
ra b b its  in fec ted  b y  Taenia  p is ifo rm is  oncosphaeres ( K e k r , 1935; S i m a , 1937; 
Ca m p b e l l , 1938; L e o n a r d , 1940; L e o n a r d  and  L e o n a r d , 1941: B a c h - 
m a n n , 1964). Such an tib o d ies  are  passively  tran sfe rab le  w ith  ra b b it  serum , 
a n d  if  th e  la t te r  is ap p lied  in an  a p p ro p ria te  dose s im u ltaneously  w ith  in fec­
tio n , it  m ay confer a firm  passive p ro tec tio n  ag a in st invasion  of the  p a ra s ite . 
P rev io u s find ings in  th is  la b o ra to ry  are  in su p p o rt of th is  observation  ( N é m e t h , 
1970). The an tigen(s) responsib le  fo r th e  in d u c tio n  of p ro tec tiv e  an tib o d ies  
h a v e  n o t as y e t been id en tified  an d  e x p la n a tio n s  of th e ir  n a tu re  are s till h y p o ­
th e tic a l ra th e r  th a n  based  on specific ev idence . Since, how ever, the  p rocedure  
em ployed  in th e  p re sen t s tu d y  offers a re la tiv e ly  sim ple tech n iq u e  for th e  iso la­
t io n  o f an tibod ies in  an  im m unochem ically  p u re  s ta te  an d  in reasonab le  q u a n ­
t i t y ,  it  m igh t well be u tilized  fo r th e  s tu d y  o f p ro tec tive  an tibod ies, in d e p e n d ­
e n tly  of o th e r  se rum  fac to rs , in passive  im m u n iza tio n  ex p erim en ts . The 
in fo rm a tio n  em erging  from  such in v es tig a tio n s  will p ro b ab ly  fac ilita te  th e  
id e n tif ic a tio n  of th e  w orm  an tig en  invok ing  th e  p ro d u c tio n  of p ro tec tiv e  a n t i ­
bodies.

Acknowledgement. T he a u th o r  is in d eb ted  to  Miss I. H alasi for her excellen t tech n ica l 
assistance .

SU M M A RY

A ntibodies d e te c ta b le  by  in d irec t h aem ag g lu tin a tio n  and  gel d iffusion p re c ip ita tio n  
te s t  were iso lated  from  th e  serum  of ra b b its  in fec ted  exp erim en ta lly  w ith  Taenia p is ifo rm is  
oncosphaeres, by  e lu tio n  from  a specific im m u n o ab so rb en t p rep ared  by p o lym eriza tion  
w ith  g lu ta ra ld eh y d e  of th e  acid-soluble frac tio n  of crude cysticercus ex trac ts .

M ost iso lated  an tib o d ies  belonged to  th e  IgG  class, b u t  an tib o d y  p rep ara tio n s  from  
th e  serum  of ra b b its  in fec ted  on tw o occasions co n ta in ed  IgM  an tib o d ies as well. No o th e r 
se ru m  com ponen ts w ere d e tec ted  in any  o f th e  an tib o d y  p rep ara tio n s  by  im m unoelectro- 
phoresis and  im m unod iffusion  in  agar gel u sing  a p o ly v alen t a n ti- ra b b it  im m une serum .

The an tib o d y  y ield  o f th e  d iffe ren t p re p a ra tio n s  varied  be tw een  54 and  96%  of th e  
a n tib o d y  p ro te in  c o n te n t o f th e  o rig ina l se ru m  sam ple. The iso lated  an tib o d ies  re ta in ed  
th e ir  fu ll an tig en  com bin ing  a c tiv ity  in  a g a r gel diffusion p re c ip ita tio n  an d  in d irec t 
h a em ag g lu tin a tio n  tests .
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FOETAL DISEASE CAUSED 
BY SWINE ENTEROVIRUSES

(O C C U R R E N C E S O F  “ S M E D I”  D IS E A S E  IN  H U N G A R Y )

By

J .  B e n y e d a , J .  M é s z á r o s  and J . R e i b l i n g

D e p artm en t of E p izootio logy  (H ead : Prof. J .  Mészá ro s), 
U n iv e rs ity  o f V e terin ary  Science, B u d a p e s t and  S ta te  F a rm  of Szekszárd 

(D irec to r: K . M ohá csi)

(R eceived  M arch  25, 1972)

The rep ro d u c tio n  d isorders of sows cause g rea t p rob lem s in large-scale 
sw ine fa rm ing . P a r t  of these d iso rders are  u n re la te d  to  in fec tion  an d  can  
s im p ly  be ascribed  to  conditions o f m an ag em en t d ev ia tin g  so m uch from  th e  
n a tu ra l  liv ing  cond itions of th e  dom estic  swine th a t  th e y  w ould be b o u n d  to  
re su lt, sooner or la te r , in  d is tu rb an ces  o f rep ro d u c tio n  b iology. F eed ing  n o t 
sa tisfy in g  fu lly  th e  n u tr itio n a l re q u irem en ts  of high p ro d u c tio n  b reed er sow 
p ro b a b ly  also affects rep ro d u c tio n .

T he com m onest infectious fo e to p a th o g en ic  diseases o f sw ine are brucellosis an d  
lep tosp irosis, b u t  strep tococci, staphy lococci, co ry n eb acte ria , E rysipelo thrix  rhusiopathiae  
an d  fung i hav e  also been  show n to  dam age th e  sw ine em bryo (K e m e n e s  and  SzÉKY, 1970; 
Sza bó , 1969). O f th e  v ira l swine disease, A u je szk y ’s disease (Csontos e t  al., 1961), sw ine 
fever and  fo o t-an d -m o u th  disease alw ays a ffec t th e  foetus.

R ecen t s tu d ies  o f o u tb reak s  o f a fo e to p a th o g en ic  swine disease n o t p rev iously  observed  
in  H u n g a ry  hav e  a ttra c te d  a tte n tio n  to  a fu r th e r  v iru s in fection , w hich  was f ir s t  described 
b y  D u n n e  e t al. (1965). T he disease w as o b se rv ed  in  several h erds and th e  v iruses iso la ted  
from  stillb o rn  foe tuses were iden tified  as en te ro v iru ses la te r  fo u n d  to  be serologically  
id en tica l w ith  ce rta in  earlie r iso lates fro m  sw ine associated  w ith  such  a cond ition  (D u n n e  
e t  ah , 1967; M o rim oto  e t  ah, 1968; W ang  a n d  D u n n e , 1969). T he foe to p a th o g en ic  effect 
o f  th e  iso la tes h a s  been  affirm ed  ex p erim en ta lly  (D u n n e  e t ah , 1965, 1969).

E xp erim en ta l

T he co n d itio n  w as f irs t observed  in  th e  swine herds of tw o S ta te  F a rm s 
s itu a te d  in  th e  T ran sd an u b ian  reg ion  o f H u n g a ry ; th e  o u tb reak s  occurred  in  
J a n u a ry  an d  M ay o f 1971, re sp ec tiv e ly . S ym ptom s w ere th e  sam e in ho tli 
h e rd s : th e  n u m b e r o f liveborn  p ig le ts  w as m arked ly  red u ced , s tillb o rn  an d  
m u m m ified  foetuses in several l i t te rs  an d  conception failu res becam e m ore 
fre q u e n t th a n  usual.

H erd A

The f irs t  h e rd  w as a b reed er h e rd  consisting  of 150 sows, 15%  o f w hich 
w ere L arge W h ite  an im als im p o rted  fro m  th e  U n ited  K ingdom , 20%  h a d  been
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p ro c u re d  from  e a s te rn  H u n g a ry  a t  grow ing age, whole th e  re s t o rig inated  from  
th e  fa rm ’s own sto ck  of p red o m in an tly  w h ite  bacon  pigs.

The anim als w ere m anaged  in th e  tra d itio n a l w ay  an d  th e  herd  was free 
fro m  b o th  lep tosp irosis an d  brucellosis. T he sows were k e p t in a single bu ild ing  
d iv id ed  in to  four co m p a rtm e n ts , each  of w hich  housed  a group of fem ales 
se rv ed  w ith in  th e  sam e o n e-m on th  period . F o r farrow ing , th e  sows were t r a n s ­
fe rre d  to  sep ara te  p rem ises ab o u t 150 m  aw ay . The ra tio n  w as a sow feed 
fo rm u la ted  accord ing  to  s ta n d a rd  p resc rip tio n s, and  once or tw ice daily  the  
an im als  were ou t to  th e  com m on p a s tu re  o f th e  farm  to  graze.

The disease w as f irs t no ticed  a t  th e  end  of D ecem ber 1970. The n u m b er 
o f  liverborn  pig lets w as m ark ed ly  reduced  an d  m any  o f these  w ere non v iab le

Table I

D a ta  of abnorm al farrow ings in herd  A

E ar­
mark

of sows
D ate of farrowing Viable

Number 
of piglets 
stillborn

Enviable

8 23. 12. 1970 3 ___ —

45 6. 1. 1971 3 — —

50 20. 1. 1971 — 10 —

51 8. 2. 1971 — 10 —

81 6. 2. 1971 — 12 —

87 6. 2. 1971 — 6 —

94 4. 2. 1971 3 — -
96 18.1. 1971 — — 6

105

146

1. 1. 1971 

7. 1. 1971

6

d y in g  w ith in  a few  h o u rs  a fte r b ir th , w hile s tillb o rn  and  m u m m ified  foetuses 
o ccu rred  in severa l litte rs .

F o u r s tillb o rn  p ig le ts  and  foeta l m em branes su b m itte d  to  the  C en tra l 
V e te rin a ry  In s t i tu te  fo r bacterio log ical an d  p a th o h is to lo g ica l ex am in a tio n  on 
7 th  J a n u a ry , 1971 p ro v ed  to  be free from  b ru ce lla  and lep to sp ira  organism s. 
T h is  findings w as co n firm ed  by  serological ex am in a tio n  o f th e  sows.

Precise records w ere k ep t only  o f th e  n u m b ers  of liveborn  p ig lets, w h e th e r 
v iab le  or no t (T able I). M um m ified  foetuses, 1— 5 in n u m b er, were observed  
in th e  litte rs  o f 10— 15 sows b u t, u n fo rtu n a te ly , no precise records were m ade.

One of the  p re g n a n t sows was tra n sfe rre d  to  th is  D ep a rtm en t for o b se r­
v a tio n  during fa rrow ing . This la s ted  5 hours an d  eight live pig lets were bo rn  
o f  w hich one an im al, w eighing ab o u t 600 g, died a fte r  2 h ou rs; in ad d itio n
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th ree  m um m ified  foetuses, 8 —15 cm  long, were expelled . The v iru s s tra in  
“ B 5”  w as iso la ted  from  the  p lacen ta  o f th e  sow.

Before an d  a f te r  the o u tb re a k  l i t te r  num bers w ere th e  no rm al fo r th e  
b reed  (F ig. 1), b u t  in the  period b e tw een  D ecem ber 1970 and  M arch 1971 
a su b s ta n tia l p a r t  o f the  sows fa rro w ed  less th a n  five p ig le ts (F ig. 2).

Two gilts (N os 137 and 124). w hich h ad  been served  for the  f irs t tim e  
on 16th  and  10 th  O ctober, 1970. re sp e c tiv e ly  did n o t conceive for a long tim e ;

Fig. 1. A verage n u m b e r of litters of sow s farrow ing  betw een  O ct. 1969—A pril. 1970. In  
average 15 sow s farrow ed  in  a m o n th

1970 1971

Fig. 2. P ro p o rtio n  o f sows farrow ing less th a n  5 liv ing  piglets. In  average 15 sows farrow ed
in  a  m o n th
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A n im al No. 124 w as em ergency  s lau g h te red  in J a n u a ry , while gilt No. 137 still 
show ed  no h ea t in M ay. Sows Nos 107, 75 and  116 re tu rn e d  to  oestru s five , 
fo u r an d  th ree tim es , resp ec tiv e ly  befo re  conceiving.

H erd  В

The average n u m b e r of sows in th e  second herd  w as 1200. The an im als 
w ere k e p t u n d er a closed , in tensive sy s te m  in four bu ild ings each capab le  of 
accom odating  400 an im als . E ach  house w as d iv ided  in to  sta lls for g roups of 
12 sows and  was e q u ip p ed  w ith  a c e n tra l m an u re  d isposal sy stem . The sows 
w ere tran sfe rred  for farrow ing  to  s e p a ra te  prem ises. T he h e rd  was free from  
brucellosis b u t was in fec ted  w ith  lep to sp iro sis  from  th e  beg inn ing .

The sows w ere L arge  Sw edish X L arge  W hite  crosses. T he sow houses 
w ere stocked  by  th e  en d  of 1969, an d  ex cep t for four p re g n a n t B elgian  L ow ­
la n d  sows and a b o a r p ro cu red  from  B elg ium  in Ju n e  1970 to g e th e r w ith  five 
o th e r  hoars b o ugh t in  from  various H u n g a ria n  herds, no fu r th e r  an im als w ere 
in tro d u c e d  in to  th e  h e rd  all rep lacem en ts  being  m ade from  th e  sow s’ own 
p ro g en y . In itia lly , g row ing  gilts w ere re tu rn e d  from  th e  fa tte n in g  p iggery  for 
th is  purpose , b u t  la te r  b reed er g ilts re a re d  in  a sep a ra te  u n it  on th e  fa rm , 
th e  sow house w ere u sed . The sows w ere fe rtilized  b y  a rtif ic ia l in sem in a tio n  
from  th e  beginning . T he sow feed w as p re p a re d  a t th e  fa rm  and  ra tio n ed  
acco rd in g  to  th e  s tag e  o f p regnancy . V acc in a tio n s ag a in st lep tosp irosis w ere 
p e rfo rm ed  from  th e  b eg inn ing  up to  15. 12. 1970 and  a fte r  a s ix -m on th  in te r ­
ru p tio n , resum ed from  3. 6. 1971 v acc in a tio n s  ag a in st A u jeszk y ’s disease w ere 
ad m in is te red  from  15. 4. 1971. O u tb reak s  o f severe d ia rrh o ea  occurred  in b o th  
th e  fa tte n e r  and  sow h erd s in D ecem ber 1970 and  J a n u a ry  1971; th e  cause 
w as n o t be id en tified , b u t  transm issib le  g a s tro e n te ritis  (T G E ) could be e x ­
c lu d ed .

Sporadic o ccu rrence  of rep ro d u c tio n  ab n o rm alitie s  w as observed  from  
A u g u st 1970 and  co n tin u ed  un til .Jan u a ry  1971; losses becam e econom ically  
im p o r ta n t  betw een  J a n u a ry  and M ay, a n d  th e re a f te r  f lu c tu a te d  before ceasing 
a lto g e th e r  in S ep tem b er.

In itia lly  th e  b ir th  o f dead foetuses w as th e  m ost conspicuous sign. M any 
sow farrow ed few er p ig le ts  th a n  p rev io u sly  an d  severa l p roduced  m um m ified  
foe tuses, while re p e a te d  failures of con cep tio n  caused a g rea t p rob lem . D urin g  
th e  p eak  of the  o u tb re a k , how ever, a b o u t 30%  of th e  sows p roduced  1— 10 
d ead  or m um m ified  foetuses. The w eigh t o f m an y  liveborn  pig lets w as less 
th a n  th e  average, an d  severa l of th em  died  sh o rtly  a fte r  b ir th . Some 20 %  of 
th e  sows farrow ing in  th is  period  gave b ir th  to  less th a n  five live p ig lets. R e tu rn  
to  h e a t still caused fu r th e r  problem s.

E x am in a tio n s on th e  spo t were possib le from  M ay 1971. L rom  th e n  on 
incidence of the  disease w as period ic, a ffec tin g  ch iefly  th e  new ly estab lished
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breeder sow g roups. In  a lte rn a te  periods all farrow ings were norm al, th e n  
scarcely  an y  n o rm a l lit te r  w as en co u n te red  fo r som e days. Some o f th e  sows 
farrow ed v e ry  few  piglets, o thers farrow ed b o th  n o rm ally  developed p ig le ts 
an d  dead or m u m m ified  foetuses v a ry in g  in  size from  th a t  of a c h e rry  
to  m a tu re  em b ry o n ic  dim ensions. In  som e lit te rs  no live p ig le t was found a t  
all (Figs 3 an d  4 ; T ab le  II) . Severely  ru n te d  p ig lets (w eighing less th a n  800 g 
a t b irth ) occurred  in several litte rs  alongside n o rm ally  developed  litte rm a te s  
(g rea te r th a n  1200 g body w eight a t  b ir th ) . In  th e  la t te r  stages of th e  o u tb reak

Fig. 3. M um m ified l i t t e r  from  “ B ”  h erd . A  n u t-size  fo e tus can  be seen a t  th e  b o tto m  of
th e  p ic tu re

th e  m a jo rity  o f th e  sows farrow ed  n o rm ally , b u t concep tion  failure caused  
problem s to  th e  end .

Positive iso la tio n s of v irus w ere m ade from  th e  inner organs of one s ti l l­
born  anim al (S zl) an d  from  th e  k idneys of an  u nv iab le  p ig le t (2 AY), w hich 
on b ir th  w eighed on ly  422 g.

The g rea te r  p a r t  of losses occurred  b e tw een  J a n u a ry  an d  M ay of 1971. 
In d ire c t losses arose from  cullings, increased  n eo n a ta l m o rta lity  and re ta rd e d  
w eight gain a t  w ean ing .

Losses w ere h igh  th ro u g h o u t th e  o u tb re a k . L iv eb irth s  n u m b ered  on 
average 7.2— 7.8, s tillb irth s  1— 1.7 p er l i t te r . T he p ro p o rtio n  of sows farrowr-
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Table II

D a ta  of some abnorm al farrow ings in herd  A

Earm ark 
of sows

Viable
piglets

N um ber of 
stillborn piglets

Mummified
foetuses

2336 — — 10

162 4 5 2

2065 3 1 12

2205 1 — 7

2521 — — 9

1530 — 3 6

2289 2 1 5

1140 — 4 —

1826 — 4 1

2120 1 — —

2150 1 — —

1851 3 2 4

052 1 — 1

1018 — 3 5

1044 2 1 6

Fig. 4. M um m ified l it te r  from  “ B ”  herd
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Table III

Service d a ta  of some sows w ith  prolonged anoestrus (herd  B)

E arm ark  
of sow ins

First
emination

Second
insem ination

N um ber of days 
between 
oestruses

375 19. 4. 1971 6. 10. 1971 170

847 12. 12. 1970 20. 4. 1971 128

500 2. 3. 1971 2. 6. 1971 71
1101 22. 2. 1971 13. 7. 1971 141

1181 31. 3. 1971 4. 8. 1971 95
1238 9. 1 . 1971 7. 4. 1971 88

1345 9. 1 . 1971 2. 5. 1971 113

1481 18. 1 . 1971 12. 4. 1971 84

1848 2. 1 . 1971 2. 4. 1971 92

1912 20. 12. 1970 8. 3. 1971 78

1945 25. 1 . 1971 9. 4. 1971 74

2019 27. 11. 1970 29. 3. 1971 122
2032 29. 12. 1970 8. 3. 1971 69

2069 19. 12. 1970 3. 3. 1971 74

2071 13. 1 . 1971 16. 5. 1971 123

2158 18. 12. 1970 6 . 3. 1971 78

ing  less th a n  five  live  piglets v a rie d  b e tw een  11— 24%  of th e  to ta l n u m b er 
of sows farrow ing  w ith in  a given m o n th  (F ig . 5).

The n u m b er o f  sows d isp lay ing  re c u rre n t oestrus w as also conspicuously  
h igh . A to ta l o f 108 sows failed to  conceive w ith in  th ree  or more oestruses.

%

Fig. 5. P ro p o rtio n  of sow s farrow ing less th a n  5 liv ing  piglets. In  av erage  205 sows farrow ed
in a m o n th
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M an y  anim als d id  n o t  com e in to  o estru s  a t  all for long periods and  did  n o t 
conceive e ither. T h ir ty -s ix  sows d isp lay ed  no oestrus for as long as 170 day s; 
d a ta  re la tin g  to  som e o f th em  are p re se n te d  in  Table I I I .

Virus isolation

Cell cultures w ere p rep a red  from  try p s in iz e d  k idney  ep ith e lia l cell su sp en ­
sions from  h e a lth y  p igs 4 — 8 weeks o ld. H a n k s ’ so lu tion  co n ta in in g  15%  ca lf 
sc ru m  an d  0 .5%  la c ta lb u m in  h y d ro ly sa te  w as used as g ro w th  m edium  an d  
b o v in e  am nio tic  f lu id  as m a in ten an ce  m edium .

T he m ateria ls  ex am in ed  were o rg an  hom ogenates from  stillbo rn  foetuses 
a n d  unv iab le  p ig le ts t h a t  died sh o rtly  a fte r  b ir th . T he h om ogenates w ere 
d ilu te d  1 : 10 in P B S  so lu tio n  and  cen tr ifu g ed  for 30 m in u tes  a t  6000 r .p .m . 
T h e  tissue  cu ltu res w ere each in o cu la ted  w ith  0.1 ml su p e rn a ta n t. A dso rp tio n  
w as allow ed to  ta k e  p lace  for 60 m in u te s  a t  37 °C, th e n  m ain ten an ce  m edium  
w as ad d ed  and  th e  cu ltu re s  were in c u b a te d  a t  37 °C. I f  no c y to p a th ic  change 
o ccu rred  in  th e  f irs t tw o  passages, th e  m a te r ia l was su b m itte d  to  tw o a d d itio n a l 
b lin d  passages. T he re su lts  were read  e ith e r  d irectly  b y  m icroscope or, occa­
sio n a lly , a fte r f ix a tio n  an d  s ta in in g  w ith  h aem ato x y lin  an d  eosin.

V irus n e u tra liz a tio n  te s t  w ere c a rr ie d  ou t b y  d ilu tin g  seria lly  th e  h a r ­
v e s te d  v irus su sp en sio n s in ten fo ld  lo g arith m ic  steps dow n th ree  successive 
series, th e  h ighest d ilu tio n  still g iv ing  a positive reac tio n  in th e  f irs t series 
b e in g  used  as th e  s ta r t in g  m a te ria l fo r th e  second series, e tc . 100 T C ID 50 ml 
v iru s  w as added  to  se ria l tw ofold d ilu tio n s  o f each serum  sam ples, th e  serum - 
v iru s  m ix tu re  in c u b a te d  for 60 m in u tes  a t  37 °C, th e n  0.2 m l w as in o cu la ted  
in to  each  cu ltu re .

F ro m  herd  A, fo u r m um m ified  foe tuses and  th e  fo e ta l m em branes from  
one sow were av a ilab le  for v irus iso la tio n . Cell cu ltu res in o cu la ted  w ith  th e  
h o m ogenate  of th e  fo e ta l m em brane show ed signs of v iru s g row th  from  th e  
second  passage (s tra in  B5).

More m ateria ls  w ere availab le  from  H erd  B. On th e  f irs t occasion, m ixed  
h o m ogenates p rep a red  b ra in , liver, k id n e y  from  tw o dead  foetuses as w ell as 
th e  re la te d  foetal m em b ran es an d  a h o m ogenate  p rep a red  from  m u m m ified  
fo e tu s  w ere in o cu la ted  in to  tissue cu ltu re s . T hree days la te r  c y to p a th ic  changes 
in d ic a tiv e  of virus g ro w th  appeared  in th e  cu ltu res in o cu la ted  w ith  th e  h o ­
m o g en a te  from th e  d ead  em bryos. On a n o th e r  occasion, o rgan  hom ogenates from  
sev era l stillbo rn  an d  u nv iab le  p ig lets w ere exam ined . In  th is  case, positive 
iso la tio n  was m ade fro m  th e  k id n ey  o f  a liveborn , b u t  v e ry  w eak  an im al 
(422 g in  w eight). A ll su b seq u en t a t te m p ts  a t iso lation  failed .

All th ree  iso la tes show ed th e  sam e c y to p a th ic  effect; spherica lly  ro u n d ed , 
ré fr in g e n t cells w ith  sh a rp  contours w ere seen on m icroscopic ex am in a tio n  of 
th e  u n sta in ed  cu ltu res . In  s ta ined  p re p a ra tio n s , the  cells show ed th e  c h a ra c ­
te r is tic  rounded  shape an d  sta in ed  u n ifo rm ly .
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On the hasis  o f cy tom orpho log ica l an d  co m p lem en ta ry  ex am in a tio n s, 
inc lud ing  serological ty p in g , th e  iso lates were id en tified  as ty p e  I en terov iruses 
( S z e n t -I  van  Yi, 1963, 1969). T he tw o s tra in s  iso la ted  from  herd  В were sero ­
logically  id en tica l, th e  single iso la te  from  herd  A belonged  to  a n o th e r se ro type .

All serum  sam p les  tak en  fro m  the  sows of th e  tw o  herds co n ta ined  n e u tra l­
izing an tibod ies to  th e  hom ologous v irus a t t i tre s  of 1 : 64 or h igher.

Discussion

I t  is know n from  virus iso la tio n  ex p erim en ts  an d  serological te s ts  th a t  
all pigs becom e n a tu ra lly  in fec ted  w ith  en te ro v iru ses  a t som e tim e  in life. 
O f th e  m any know n  ty p es of en te ro v iru ses  on ly  a few  have been estab lish ed  
as pa thogen ic , v iz. th e  agents o f T eschen-T alfan  d isease, m en ingoencephalitis  
(ty p e  1/2) and  c e r ta in  m ild d ia rrh o ea l conditions (Sz e n t - Iv á n y i , 1963; Sz e n t - 
I v a n y i  and Sz é k y , 1967a, b). T h e  cond ition  re p o rte d  here  is a new  e n te ro ­
v iru s  disease, th e  ag en ts  of w hich  have been  n am ed  S M E D I v iruses.

In  b o th  h e rd s  affected  b y  th e  disease th e  v iru s  w as pa thogen ic  fo r the 
foetuses only. T he tim e  of in tro d u c tio n  of th e  v iru s  in to  th e  herds w ould  be 
d ifficu lt to  d e te rm in e , as it m ay  have been p re se n t ea rlie r w ith o u t causing 
no ticeab le  changes. E xperiences from  th e  tw o o u tb re a k s  suggest, how ever 
th a t  early  p reg n an cy  is the  perio d  of m ax im al fo e ta l su scep tib ility . The sam e 
in fo rm atio n  em erged  from  in fec tion  experim en ts by  D u n n e  e t al. (1969).

I t  appears t h a t  if  the  em b ry o  becom es in fec ted  before th e  30 th  d ay  of 
fo e ta l life and  dies, it  m ay be reso rb ed  an d  th e  sow m ay  re tu rn  to  oestrus. 
In  m an y  cases, h ow ever, only som e of th e  foetuses are killed , w hile th e  re s t 
develop  norm ally  u n til  te rm ; u n u su a lly  low l i t te r  n u m b ers  viz. less th a n  five 
p ro b a b ly  have su ch  an  e x p lan a tio n  h is to ry . In  severa l cases “ b u t to n s ”  w ere 
fo u n d  on th e  p la c e n ta  w hich p re su m a b ly  w ere th e  rem ain s of reso rbed  foe­
tu ses.

I f  on th e  o th e r  h and  the  v iru s  affects th e  em bryo  a fte r  30 days o f 
fo e ta l life, th e  o u tco m e m ay still be fa ta l b u t in s tead  of be ing  reso rbed  the  dead 
em b ry o  becom es ossified . In  such  circum stances th e  sow farrow s m um m ified  
or d ead  foetuses, d ep en d in g  on th e  tim e  of in fection . In  th e  m a jo rity  of cases, 
th e  d ead  foetuses a re  o f d ifferen t ages, rang ing  from  scarcely  visible m u m m i­
fied  structvires to  s tillb o rn  p ig lets. F oetuses th a t  died  a t rough ly  th e  sam e age 
w ere seldom  fo u n d , a n d  those observed  c learly  o rig in a ted  e ith e r  from  th e  early  
s tag e  o f p regnancy  or from  the  perio d  sh o rtly  before p a r tu r itio n . The v iru s 
d id  n o t norm ally  a ffec t all em b ry o s: u sua lly  s tro n g , v iab le  p ig lets were fa r ­
row ed along w ith  th e  dead  foetuses and  th e re  w ere often  also liveborn , b u t  
u n v iab le  anim als o f low  b ir th  w eig h t, m ost of w hich d ied  sh o rtly  a fte r  fa rro w ­
ing. N o v irus could be detec ted  in m um m ified  foetuses, b u t  positive iso lations
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w ere m ade from  tho se  d ied  sh o rtly  before  b ir th  and  from  u n v iab le  p ig lets. 
T h e  iso la tio n  and  sero logical ty p in g  o f th e  ag en t as w ell as th e  clin ical p ic tu re  
o f  th e  condition  clearly  in d ica te  t h a t  i t  is th e  S M E D I disease described  b y  
D u n n e  e t  al. in 1965.

F oetuses o rig in a tin g  from  ab n o rm a l farrow ings in h e rd  В w ere reg u la rly  
se n t to  th is  D e p a rtm e n t for bac te rio lo g ica l in v es tig a tio n  over th e  period  
1969— 71. R esults w ere n eg a tiv e  u n ti l  A pril 1971 w hen lep tosp ires w ere found  
in  a fo e ta l k idney . T he som e o rganism s w ere found  again  in  a n o th e r  foetus 
s u b m itte d  for e x a m in a tio n  on 23rd  A u g u st 1971. Serological ex am in a tio n s 
o f  sow s conducted  in  J u ly  and  A u g u st of th a t  y ea r rev ea led  h igh  a n tib o d y  
t i te r s  to  Leptospira p o m o n a  an d  L. hyos in  severa l an im als. N everthe less le p to ­
sp iro sis  could not sa tis fa c to rily  acco u n t for th e  foetal dam ages we observed. 
A b o rtio n  which a ty p ic a l acco m p an im en t o f lep to sp ira l in fection  w as re la tiv e ly  
ra re  in  b o th  herds, an d  in  a n y  case th e  g rea te r  p a r t  o f th e  foetuses d ied  before 
th e  t im e  required  b y  lep to sp ires  to  develop a pa thogen ic  effect. D u rin g  th e  
su m m e r of 1971, to w ard s  th e  end  o f th e  o u tb reak , how ever, i t  seem s clear 
fro m  th e  lab o ra to ry  fin d in g s th a t  lep tosp ires were c o n tr ib u tin g , b u t  least in 
p a r t ,  to  foetal losses.

I t  follows from  o u r o b se rv a tio n s th a t  v ira l em bryon ic  disease m ay  occur 
in sw ine herds free from  b o th  brucellosis an d  lep tosp irosis. As th is  disease d if­
fe rs  b o th  aetio logically  an d  clin ically  from  all p rev iously  know n fo e to p a th o - 
gen ic  conditions of sw ine, it  seem s im p o r ta n t to  d istingu ish  it  as such te rm ino- 
lo g ica lly  too. U n til a m ore a p t nam e is fo u n d , th o u g h  th e  desig n a tio n  “ SM E D I 
d isea se”  can be accep ted  as ch a rac te riz in g  n o t only th e  ae tio logy , b u t  also 
th e  n a tu re  of the d isease.

T his repo rt p re sen ts  only  th e  basic  in fo rm ation  on th e  o u tb reak s  and  
th e ir  background . T he resu lts  o f epizooto logical s tu d ies , v iro log ical ex a m in a ­
tio n s  an d  infection ex p e rim en ts  now  in progress will be p u b lish ed  la te r.

Acknowledgements. W e w ould  like th a n k  Mrs. A. K o jn o k  and  Mr. L. B elopo to czk y  
fo r  tech n ica l assistance.

SU M M A RY

O utbreaks o f a disease affecting  th e  rep ro d u c tio n  of sows an d  p ro d u c in g  fo e ta l d ea th  
o c cu rre d  over a 2-year p e rio d  in th e  b reed er hers o f tw o farm s m an ag ed  u n d e r  trad itio n a l 
a n d  in ten siv e  closed system s. T he f irs t  h e rd  w as free from  b o th  brucellosis a n d  lep tosp irosis, 
th e  second  herd was in fec ted  w ith  lep to sp ires, b u t  th e  sy m p to m s of th e  disease in d ica ted  
a c o n d itio n  o th er th a n  lep tosp irosis. In  b o th  h erds, re cu rre n t o estrus an d  concep tion  failures 
b ecam e freq u en t am ong th e  sows. M any  of th ese  th a t  farrow ed p ro d u ced  m um m ified  and /o r 
s ti llb o rn  foetuses along w ith  liv eb o rn  p ig le ts and  a h igh  p ro p o rtio n  of th e  la t te r  p roved  u n ­
v iab le , resu lting  in a m ark e d  re d u c tio n  of l i t te r  num bers . F o e ta l su scep tib ility  to  th e  agen t 
a p p e a re d  to  be g rea tes t d u rin g  th e  f ir s t  30 d ay s o f in tra u te r in e  life, th o u g h  fo e ta l dam age 
cu ld  occur a t any  stage of p reg n an cy , its  n a tu re  depending  th e  tim e o f in fection . Positive  
iso la tio n s of a v irus, la te r  id en tified  as a sw ine en te ro v iru s , were m ade fro m  em bryos w hich 
d ied  sh o rtly  before b ir th , f ro m  foe ta l m em b ran s , an d  from  th e  organs o f u n v iab le  new born
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piglets. O n th e  basis o f th e  clinical p ic tu re  and  v iro logical ex am in atio n s , th e  condition  w as 
reg ard ed  as id en tica l w ith  th e  “ S tillb irth , M um m ification , E m b ry o n ic  D e a th  and  In fe r ti li ty ”  
(SM E D I) disease  e n tire ly  f i r s t  described by  D u n n e  an d  his colleagues in  th e  U n ited  S ta te s  
in 1965.
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ELECTRON MICROSCOPIC STUDY 
OF THE SARCOLEMMA STRUCTURE 

IN BEEF IN RIGOR MORTIS
B y

G. B iró  and M. G a r a m v ö l g y i

D e p artm en t o f A nim al H e a lth  and  F ood  H ygiene (H ead : T. K á d á r ),
M in istry  of A g ricu ltu re  and  Food an d  D e p a rtm en t of P a th o lo g ica l A n a to m y  

(H ead : Prof. J .  J uhász), P o s tg ra d u a te  School of M edicine, B u d ap est 
(R eceived A pril 6, 1972)

E a rlie r  ligh t m icroscopic s tud ies of rigor m uscle of c a ttle  have  rev ea led  th a t  
th e  m uscle fib res are su rrounded  b y  fib ro u s coils ru n n in g  in grooves on th e ir  s u r ­
face. I n  n a tiv e  p rep a ra tio n s  these coils are th ic k e r th a n  th e  m yofib rils an d  a p p e a r 
h igh ly  re frac tiv e , and  th e y  have been  show n b o th  b y  chem ical an d  d ig estio n  te c h ­
n iques, as well as in h isto log ical s tud ies to  consist of collagen fib res.

I t  is now know n th a t  w hereas in  re laxed  m uscle these  fib res are even ly  d is tr ib u te d  
on th e  surface  of th e  m uscle fibres, connected  a t  c e rta in  sites by  fine  cross-linkages, in  rigor 
th ey  becom e a rranged  in to  s to u t bund les th a t  are d irec ted  in to  th e  grooves on th e  m uscle 
fib res (L őrincz  and  B ir ó , 1961, 1963; B ir ó , 1963). The am o u n t o f th is  connective  tissue  su r­
ro u n d in g  th e  m uscle fib res is th o u g h t to have a su b s ta n tia l influence on th e  q u a lity  o f beef, 
the  g a th e rin g  of th e  f ib ro u s m ate ria l in to  bu n d les being  responsib le for a no ticeab le  increase  
in  to u g h n ess (B ir ó , 1969).

As th e  sarco lem m a lies below th e  reso lu tio n  of th e  ligh t m icroscope, i t  is reaso n ab le  
to  suppose  th a t  th e  fo rm atio n  of th e  fib rous b u n d les  a ro u n d  rigor m uscle fib res  m u st invo lve 
a co m p o n en t from  th e  endom ysium . In  fac t, B e n n e t t  and  P o rter  (1953), H o d g e , H u x l e y  
and  Sp ir o  (1954) and  R u sk a  (1954) have  all re p o rte d  observing tw o d a rk er lines a t  th e  m a r­
gin of m uscle fib res, an d  these  tw o to g e th e r th e y  regarded  as m ak ing  up  th e  sarco lem m a. 
In  frog  m uscle Mauro  an d  Adams (1961) succeeded in d e m o n s tra tin g  th ree  d iffe ren t sarco- 
lem m al layers . A t th e  b o u n d a ry  of th e  sarcop lasm  th ere  was a th in  p lasm a m em b ran e  an d  
ou tside  th is  a layer of sim ilar th ickness w hich th e y  called th e  “ am o rp h o u s”  lay e r — earlie r 
know n as th e  “ cu ticu la r lay e r” (P o r t e r , 1954), “ basem en t m em b ran e”  (R o b e r t s o n , 1956) 
or th e  “ basic  su b s tan ce”  (F a w cett , 1958). T he o u te rm o st lay e r o f th e  sa rco lem m a w as 
fib rous a n d  follow ing R e e d  and  R udall  (1948), D ra per  and  H odge (1949) an d  R o b er tso n  
(1956), Ma uro  and  A dams described it as consisting  of tw o kinds of fibres. T he th ic k e r  fib res 
th e y  considered  to  be collagen, as D ra per  and  H o dg e  (1949) and  R ózsa , Sz e n t -Gy ö r g y i 
and  W y c k o f f  (1950) h a d  concluded in th e  basis o f th e ir  subm icroscopic  c ro ss-s tria tio n .

In  ad d itio n  to  th is  m orphological ev idence of th e  collagenous n a tu re  o f th e  fib ro u s 
sarco lem m al substance, th e re  is also some b iochem ical evidence fro m  th e  in v es tig a tio n s  o f 
K ono a n d  KoLOWlCK (1961), who carried  o u t am ino-acid  analysis o f th e  m ate ria l a n d  e s ta b ­
lished t h a t  i t  is d igested  b y  collagenase, a lth o u g h  less read ily  th a n  pu re  collagen.

T h e  double ou tline  o f th e  sarcolem m a — plasm a m em brane  an d  b asem en t m em b ran e  
— w as d e m o n s tra ted  e lectron  m icroscopically  by  Lőrincz  and  L osonczy  (1966). T hese tw o 
w orkers also observed th e  presence of d a rk  g ranules betw een  th e  m em branes. T h ey  fa iled , 
how ever, to  estab lish  an y  connection  be tw een  th e  sarcolem m a and  th e  end o m y sia l con­
nective  tissue.

Material and methods

T h e biceps b rach ii was excised from  c a ttle  24 hours a f te r  s lau g h te r . 
As seen u n d e r th e  lig h t m icroscope, th e  m uscle w as in a ty p ic a l s ta te  o f rigo r 
m ortis , closely spaced  grooves, w ith in  w hich  spiral con trac tile  fo rm atio n s ra n , 
being v isib le  a round  th e  m uscle fib res.
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F o r electron  m icroscopic ex am in a tio n  sam ples w ere fixed  in  2 .5%  g lu ta r- 
a ld eh y d e  for th ree  h o u rs , p o st-fixed  in  1%  osm ium  te tro x id e , th e n  em bedded  
in  D u rc u p a n -F lu k a  ACM ara ld ite . S ection ing  w as carried  ou t w ith  a L K B  
“ U ltro to m e  I I I ”  u ltra m ic ro to m e , and  sections w ere v iew ed w ith  a W F  SEM  
3 e lec tro n  m icroscope. M icrographs w ere ta k e n  o f th e  edges o f m uscle fib res, 
especia lly  a t sites w here these  could be seen u n d e r  th e  lig h t m icroscope to  
h av e  re tra c te d . N eg a tiv es  w ere ta k e n  a t  a m ag n ifica tio n  of 6000 X , th e  fin a l 
m ag n ifica tio n  of th e  p la te s  was 30,000 X .

R esults and  discussion

T he m icrographs a ll show  th e  grooves fo rm ed  b y  th e  m yofib rils a t  th e  
edges o f th e  m uscle f ib re s . P ressing  in to  th e  cen tre  of these  grooves is a bo d y  
o f m a te ria l, la rger th a n  th e  m yofib ril d ia m e te r , in  w hich  i t  is possible to  
d is tin g u ish  layers o f d iffe ren t qualities. T hese to g e th e r  can  be reg a rd ed  fo rm ­
ing  th e  sarco lem m al d u p lex . The u n d u la tio n  o f th e  in v ag in a tio n , an d  th e  
accu m u la tio n  of p le n tifu l cellu lar debris an d  large n u m b er of m itoch o n d ria  
a t  th e  m arg in  of th e  d u p lex  have also been  no ticed .

O n th e  side o f th e  in v ag in a tio n  fac ing  th e  m yofib rils —  especially , on 
ac c o u n t of the  u n d u la tio n , in  places on th e  double  lay e r —  th e re  w as a d a rk , 
coarse ly  g ran u la ted  su b stan ce . This w as observed  only  in  some places on th e  
sa rco lem m al dup lex , p rin c ip a lly  a t th e  b o tto m  of th e  u n d u la tio n s, an d  i t  was 
th o u g h t to  consist o f accu m u la tio n s o f dense ce llu lar debris on th e  dam aged  
p la sm a  m em brane.

D is tin c t from  th is  d a rk  g ran u la r m a te r ia l, th e re  w as also a th in , fin e ly  
g ra n u la te d  su bstance  ru n n in g  u n d u la te ly  dow n th e  len g th  o f th e  sarco lem m al 
d u p lex . This is th e  am o rp h o u s lay er (or b a se m e n t m em brane) o f th e  sarco- 
lem m a.

The sarco lem m al d u p lex  could be seen to  co n ta in  c ircu lar fo rm atio n s 
rep re sen tin g  cross-sections o f collagen fib res  o f th e  o u te r  fib rous lay e r of th e  
sarco lem m a. These a p p e a r  in  Fig. 1, in te rsp e rsed  in  a fine , loosely a rran g ed  
f ib ro u s  debris n ea r th e  base  o f the  en d o m y sia l connective tissue.

A  sim ilar p ic tu re  is observed  in F ig . 2 ex cep t th a t  here th e  en tire  sa rco ­
lem m al duplex  ap p ea rs  th in n e r  th a n  th e  in v ag in a tio n  in  Fig. 1 b u t  i t  is w id ­
ened  o u t a t  th e  base  o f  th e  in v ag in a tio n  b y  fib res  o rig in a tin g  from  th e  en d o ­
m y sia l connective tissu e .

The presence o f  p a r t  of a cell nucleus, n ea r th e  b o tto m  of th e  in v a g in a ­
tio n , in  Fig. 3 m akes i t  som ew hat easier to  ap p rec ia te  th e  s tru c tu re  of th e  
sarco lem m a, as th e  nucleus is d irec tly  ov erla id  b y  th e  sarco lem m a, an d  th e  
lay e rs  of the  la t te r  are p a r tic u la rly  w ell d iffe ren tia ted . A gain , th e re  is a coarse 
cell debris deposited  on th e  p lasm a m em b ran e , b u t  in  th is  case it  is u n fo rm arly
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ELECTRON MICROSCOPIC STUDY 3 9

Fig. 1. E lec tro n  m icrograph  of bovine rigor m uscle (30,000 x). T he groove in th e  m y o fib ril 
(m f) a t  th e  p e rip h ery  of th e  fib re  is occupied by  th e  sarco lem m al dup lex , a t the  m arg in  of 
w hich lies a dense cell debris (d), th e  am orphous lay e r (a), and  collagen fib res (c) of th e  o u te r , 
fib rous lay e r o f th e  sarco lem m a. W ith in  th e  sarco lem m al d u p lex  can  be seen th e  fib ro u s  

sub stan ce  o f th e  endom ysium  (e). M itochondria  are sc a tte re d  in  th e  sarcoplasm

d is tr ib u te d  along th e  m arg in  of the  nucleus. B o th  th e  am orphous lay er an d  
th e  c ircu la r cross-section  of collagen fib res  are likew ise easily p icked  o u t. 
P e n e tra tin g  deep in to  th e  sarco lem m al d u p lex , and in  loose co n tac t w ith  th e  
collagenous fib ro u s lay er o f the  sarco lem m a, is a connective  tissue su b stan ce
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F ig . 2. W ith in  the  sarco lem m al in v ag in a tio n , loosely  a ttech ed  to th e  fib ro u s lay er o f th e  
sarco lem m a, there  is a b o d y  of fib rous m a te ria l o rig inating  from  th e  endom ysium  (e)

th e  s tru c tu re  of w hich suggests th a t  it  is no longer th e  p a r t  o f th e  sarco lem m a 
b u t  r a th e r  belongs to  th e  endom ysium .

I t  can  be concluded  from  the e lec tro n  m icrographs, th a t  th e  bun d les  
of conn ec tiv e  tissue, seen in  th e  grooves o f  th e  muscle fib res, are com posed 
of f ib ro u s  m ateria l d eriv ed  from  b o th  th e  endom ysium  and  th e  sarco lem m a. 
In  rig o r m ortis the  collagen fib res of b o th  o f th em  becom e a rran g ed  in to  th ic k
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Fig. 3. A  section  of a cell nucleus (N ) is v isible n e x t to  th e  sarco lem m a. A longside th e  o u te r , 
fib rous lay e r of th e  sarco lem m a, w hich  envelopes th e  nucleus, is a  fib ro u s  m ate ria l derived

from  th e  endom ysium  (e)

b und les, in  w hich th e  fib res from  th e  sarco lem m a are v isib le  in cross-section, 
a p p a re n tly  su rro u n d in g  th e  m uscle fib res like an an n u lu s . This supp o rts  the  
lig h t m icroscopic o b serv a tio n s w hich in d ica te  th a t  in rigo r m ortis th e  sarco- 
lem m al and  endom ysia l fib res  slip to g e th e r in th e  grooves arising  on the  m uscle 
fib re  surface.
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I t  has also been  d e m o n s tra te d  th a t  b o th  th e  sarco lem m al an d  endom ysial 
co nnective  tissue c o n tr ib u te  to  th e  u n ifo rm  connective tissu e  lay e r seen a ro u n d  
re la x e d  muscle fib res u n d e r  th e  lig h t m icroscope, and  fu r th e r  evidence has 
b een  gained th a t  th e  re -o rd e rin g  o f th is  reg u la r n e tw o rk  o f  fib res  in rigor 
m o rtis  p lays a p a r t  in  d e te rm in in g  th e  toughness o f beef.

SU M M A RY

T he annu lar f ib ro u s b u n d les  observed  in  earlie r ligh t m icroscopic s tu d ies  to  be ly ing  
in  grooves a round  th e  m uscle  fib res  of b eef w ere exam ined  m ore closely b y  e lectron  m icro­
scopy . I t  was estab lished  t h a t  th e  d o ub le-layered  sarcolem m al m em b ran e  inv ag in a tes  in to  
th e  grooves, and one of t h a t  p a r t  o f th e  fib ro u s  m ate ria l com posing th e  du p lex  is derived  
fro m  th e  endom ysium . C ollagen fib res of th e  sarco lem m a could be seen in  cross-section, and  
th e ir  c ircu lar shape in d ic a te d  t h a t  th e y  su rro u n d ed  th e  m uscle fib res  in  an  annulus. The o b ­
se rv a tio n s  proved  su p p o r t fo r  th e  view  th a t  th e  reordering  of th e  n e tw o rk  of connective 
tis su e  in  rigor m ortis is re la te d  to  th e  to u g h n ess o f beef.
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ÜBER DAS KLEBEN VON BLUTGEFÄSSEN 
MIT DEM GEWEBEKLEBSTOFF HISTOACRYL

Von

J .  Z Á J E R ,  S .  D U B E C Z  u n d  К .  S O M O G Y V Á R I

C hirurgischer u n d  O p h tha lm olog ischer L eh rs tu h l (L eiter: P ro f. А. B .-K ovács) 
d e r  U n iv e rs itä t d e r  ve t.-m ed . W issen sch aften  u n d  I I I .  C hirurgische K lin ik  

(D irek to r: Prof. J .  St e f a n ic s ) der M edizin ischen  U n iv e rs itä t Sem m elw eis, B u d ap est

(E ingegangen  am  7. A pril 1972)

D ie erfolgreiche A nw endung  der G ew ebeklebstoffe zu r W iedervere in i­
gung versch iedener G ew ebearten  b e re c h tig t zu den sch ö n sten  H offnungen , 
eine besondere B e d e u tu n g  k o m m t dem  V erfah ren  ab er a u f  dem  G ebiet der 
G efäßchirurg ie  zu. D ie N a h tte c h n ik  is t näm lich  eine langsam e, m ühsam e 
A rb e it, welche die O p e ra tio n sd au e r w esen tlich  v e rlä n g e rt, au ß erd em  tra u m a - 
tis ie ren  die N äh te  die Gewebe, geschw eige denn , daß  sich se lb st die a lle r­
b es ten  N äh m a te ria lien  m ehr o d er m in d er als F re m d k ö rp e r v e rh a lten . Z ur 
E lim in ie rung  d ieser N ach te ile  b ie te t  das biologische K leben  eine w esentliche 
H ilfe. D ie W ich tig k e it der F rag e  w idersp iegelt sich au ch  in  d er großen Z ahl 
der das biologische K leben  a u fa rb e iten d en  M itte ilungen .

N achdem  Se l ig m a n  u n d  H u r w it t  die K leb efäh ig k e it de r C y an o ak ry la te  e rk a n n t 
h a b en , bew iesen die e rs te n  M itte ilungen  ih re r  F o rsch u n g sg ru p p e  (Ca rto n  u n d  M itarb ., 1960; 
N a th an  u n d  M itarb ., 1960) bereits  ü b e rzeu g en d , daß  sich die leb en d en  Gewebe g u t k leben  
lassen.

N athan  u n d  M ita rb . (1960) w a n d te n  das K leb ev erfah ren  zu ers t zu r V ersorgung der 
W unde de r ab d o m inalen  A o rta  von  H u n d e n  an. In  30 der 39 Fälle  (4 V erb lu tu n g en , 5 m it 
A neurysm ab ildung) w a r das E rgebn is des G efäßklebens k lin isch  befried igend , obw ohl in  der 
M edia u n d  A d v e n titia  d e r G efäßw ände, in  der U m gebung  des K lebsto ffs K o ag u la tio n s­
nekrose u n d  die A n h ä u fu n g  von  R iesenzellen  v o n  F rem d k ö rp er-T y p  in  E rscheinung  t ra te n .  
Carton  u n d  M itarb . (1961) hab en  u n te r  A n w endung  v o n  M ethy l-2 -C y an o acry la t in  85 F ä llen  
eine F leckp lastik  vo rg en o m m en ; die E rgebn isse  w aren  befriedigend. B ra un w a ld  u n d  A w e  
(1962) sowie Aw e  u n d  M itarb . (1963) w a n d ten  E astm an -9 1 0  (M eth y l-2 -cyanoacry la t) n ach  
v o ran g eh en d er erfo lg re icher exp erim en te lle r V ersorgung  v o n  A o rten w u n d en  auch  beim  
M enschen zur S tillung  de r aus der A o rta  s tam m en d en  B lu tu n g  an.

M ehrere V erfasser, so z. B. Ga r r e t  u n d  L aw  (1961), Gu lm et  u n d  M itarb . (1964), 
B ra un w a ld  (1966), M atsum oto  u n d  M itarb . (1967, 1968) em p fah len  die V erw endung von  
K leb sto ff zur äu ßeren  V erd ich tu n g  d e r G efäßnäh te .

H a fn er  u n d  M ita rb . (1963) v e rw en d e ten  bei de r V ersorgung  lo n g itu d in a le r In z is io ­
nen  u n d  der A nlegung v o n  E n d -zu -E n d -A n asto m o sen  a n  de r A. fem oralis von  H u n d e n  ein 
PV C -R ohr, welches als in n ere  Schiene d ien te . Bei der A nlegung von  E n d -zu -E n d -A n asto m o sen  
gingen G ottlob u n d  B l ü m el  (1965, 1966) fo lgenderm aßen  vor: D ie äu ß eren  F läch en  de r 
vo ran g eh en d  du rch  ein  K u n s ts to ffrin g  gezogenen G efäßstüm pfe  w u rd en  m it K leb sto ff be ­
strichen , zum  R ing g e k le b t u n d  schließlich  die zwei in e in an d er passende  R inge m ite in an d er 
verschlossen.

Die anläßlich  d e r A nw endung  d e r einzelnen K lebsto ffe  e rm itte lte n  E rfah ru n g en  der 
versch iedenen  V erfasser u n tersch e id en  sich  v o n e in ad er. Die von  I n o u  u n d  M itarb . (1965) 
d u rch g efü h rten  U n te rsu ch u n g en , in  d en en  E as tm an -9 1 0  (M ethy l-2 -C yanoacry lat) u n d  
A ron A lpha Sanchyo v e rg lichen  w urd en , ergaben , d aß  das le tz te rw ä h n te  P rä p a ra t  eine ge rin ­
gere G ew ebereak tion  h e rv o rru f t  u n d  a u ch  K o m p lik a tio n en  se lten er au ftre te n . W e is b e r g  
u n d  Goetz (1964) em p fah len  die k lin ische A nw endung  v o n  E as tm an -9 1 0  wegen der beob­
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a c h te te n  K om plika tionen  — A rte rien n ek ro se , T hro m b u sb ild u n g  u n d  S tenose — n ich t. Ota 
u n d  M itarb . (1965) sowie Matsum oto  u n d  M itarb . (1967, 1968) e rz ie lten  an läß lich  der A n­
w en d u n g  von A ron-A lpha  sow ohl beim  V ersch luß  der lo n g itu d in a len  Inz is ionen  v o n  K lein- 
u n d  G roßgefäßen, w ie a u ch  bei den  E n d -zu -E n d -B lu tg e fäß v ere in ig u n g en  ausgezeichnete 
E rgebn isse . L au t Gottlob  u n d  B lü m el  (1967) is t das V erhalten  v o n  H isto ac ry l u n d  Vulnocoll 
m eh r  gew ebefreundlich als das von  E astm an -9 1 0 . A ufgrund  ih re r  E rfah ru n g e n  (1968) schei­
n e n  sich die G ew ebeklebstoffe zu fo lgenden gefäßchirurg ischen  E in g riffen  zu eignen: E in ­
h ü lle n  von A neurysm en, S ich eru n g  de r h ab itu e llen  N äh te , V ersch luß  v o n  A rte rio to m ien , 
d ire k t  oder m itte ls F le ck p la s tik , A nlegung v o n  E n d -zu -E n d -A n asto m o sen , ev en tu e ll m it 
a n d e re n  V erfahren  k o m b in ie rt (z. B. m it N äh ten ) u n d  V ersorgung p a ren ch y m a tö se r O rgane.

W as die e inheim ischen  R e la tio n en  de r F rag e  anb elan g t, h a b en  sich m it de r U n te r­
su ch u n g  der versch iedenen  K lebsto ffe  m ehrere  Forscher b e faß t: B ornem isza  (1968), B or­
n em isz a  u n d  Gyurk ó  (1969), Gy u rk ó  (1967, 1968) m it dem  jap a n isch e n  P rä p a ra t  Aron- 
A lp h a  A Sankyo (Ä th y l-2 -cy an o ac ry la t) , N em es  u n d  Sóto ny i (1967), N em es  (1968, 1970) 
m it  dem  am erikan ischen  P rä p a ra t  E astm an -9 1 0  (M eth y l-2 -cyanoacry la t), D u becz  u n d  
M ita rb . (1971), L a d á n y i (1969), Som ogyvári (1971) sowie Sze n t g á li u n d  M itarb . (1969, 
1971) m it dem  w estd eu tsch en  P r ä p a ra t  H isto ac ry l (B u ty l-2 -cy an o acry la t). R á n k y  (1968) 
w a r der erste, der in U n g a rn  zum  V ersch luß  der A rtério tom ie  bzw . zur S icherung der N ah t 
u n te r  k linischen V erh ältn issen  e inen  K leb sto ff angew endet h a t.

E igene Untersuchungen und Ergebnisse

U nsere G efäßk lebeversuche  fan d en  bei 32 H u n d en  von  u n te rsch ied li­
ch em  A lter und  G röße s t a t t .  Z u r A nw endung  k am  d e r B u ty l-2 -cy an o ac ry la t 
e n th a lte n d e  G ew ebk lebsto ff H isto ac ry l-N -B lau . D ie D u rch g än g ig k e it der 
G efäße w urde bei den  V ersu ch stie ren  w äh ren d  der 4 m o n a tig en  B eo b ach tu n g s­
p erio d e , vom  1. p o s to p e ra tiv e n  T ag  an  m it A ngiographie regelm äßig  k o n tro l­
l ie r t ,  sodann die frag lichen  G efäß ab sch n itte  in  versch iedenen  Z e itp u n k ten  
e x z id ie rt und  h isto log isch  au fg ea rb e ite t.

U m  eine e n tsp rech en d e  G ew an d th e it zu gew innen, w u rd en  in d er ers ten  
V ersuchsserie la te ra le  G efäß v erle tzu n g en  gek leb t, w äh ren d  in  der zw eiten , die 
E n d -zu -E n d -V ere in ig u n g  d e r q u er d u rc h g e tre n n ten  G efäße m it K leben  s t a t t ­
fa n d .

Die d u rch g efü h rten  E ingriffe  w aren , wie fo lgt:
J. 7 H unde. E in e  e tw a  15 m m  lange seitliche Inzis io n  der einseitigen  

A. fem oralis w urde m it e inem  V enenfleck  verschlossen. D as K leb ev erfah ren  
is t  ra sch  und  auch  tech n isch  ein fach . S äm tliche E ingriffe  erw iesen sich als 
erfo lgreich .

/ / / 1 .  6 H u n d e . In  d ieser G ruppe w urde  das K leben  m it H ilfe d e r au f­
g ru n d  der GoTTLOBschen M ethode von Ge r e n d á s  h e rg este llten , sich reso rb ie ­
re n d e n  B ioplastringe v e rsu c h t. D as A u sran d en  a u f  die R inge w ar m angels 
en tsp rech en d er In s tru m e n te  langw ierig , u n d  rau m b een g en d , die T echn ik  k o m ­
p liz ie rt und  schw ierig. Als erfo lgreich  k o n n te  keiner d er V ersuche b ezeichnet 
w erden .

I I /2 .  6 H u n d e . D ie q u er d u rc h g e tre n n ten  A. u n d  V. fem oralis w urden  
m it H ilfe von R ic h tu n g sn ä h te n , m it dem  M an schetten -V erfah ren  (m it einem  
4— 5 m m  langen V en en stü ck ch en ) v ere in ig t. U n m itte lb a r  n ach  der O pera tion
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w aren die G efäße durchgäng ig , die A nastom ose w ar ab e r s ta r r ,  die M anschette  
w irk te  s te ts  einengend u n d  n a c h  ein igen  Tagen en tw ick e lte  sich eine T h ro m ­
bose.

Abb. 1. A rtériog raph ie  der A. caro tis  120 T age nach  der m it K leben  d u rch g efü h rten  E n d -
zu-E nd-V ere in igung

I I /3 .  13 H unde . In  in sg esam t 51 F ä llen  w urden  A. ca ro tis , A. fem oralis 
Y. ju g u la ris  u n d  У. fem oralis q u e r d u rc h g e tre n n t, so d an n  m it H ilfe von  R ich ­
tu n g sn ä h te n  u n d  K leben  w ieder v e re in ig t. An 6 G efäßen  w urde  das z irku läre  
K leben  ru n d  u m  eine du rch  eine se p a ra te  Ö ffnung e in g e fü h rte  K u n s ts to ff­
kan ü le  v e rfe rtig t. Z ur V erein igung  der spannungsfre ien  K a ro tid e n  genüg ten  
2 R ich tu n g sn äh te , in die w eite ren  Y v. jugu la res  w u rd en  4 N ä h te  eingelegt, 
in  die sich s te ts  spannende A. fem oralis 4— 5, u n d  in  die V. fem oralis 5— 6. 
D ie den betro ffenen  G efäßen en tsp rech en d e  V erte ilung  u n se re r  51 E nd-zu- 
E n d-G efäßk lebungen  w ar, wie fo lg t: A. caro tis  11 F ä lle , V. ju g u la ris  11 Fälle ,
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A. femoralis 15 Fälle und V. femoralis 14 Fälle. D ie angiographischen Auf­
nahm en zeigen stenosefreie H eilungen (Abb. 1— 4).

Die Ergebnisse veranschaulicht Abbildung 5. W ie ersichtlich waren

37 (72,5% ) der 51 operierten Gefäße vollkom m en durchgängig, 6 heilten m it 
einer Stenose (11,8% ), während 8 Gefäße (15,7% ) throm botisierten.

Histologischer B efund: In den ersten postoperativen Tagen ist der K leb­
sto ff mit rundzelliger Infiltration um geben. Im Laufe der 1.— 2. Woche tritt 
anstelle der Leukozyten ein an H istiozyten  und F ibroblasten reiches Angi- 
fibroblastgewebe, w elches die Fragm ente des sich resorbierenden K lebstoffs 
um spinnt. Die R esorptionsdauer des K lebstoffs ist —  selbst wenn nur eine
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d ü n n e  Schicht au fg e trag en  wird —  län g e r als unsere B eo b ach tu n g sze it (120 
T age). D ie sich in d e r U m gebung des K lebsto ffs  en tw ickelnde G ew ebereak tion  
is t m ilden  G rades (A bb. 6).

Abb. 3. A rtériog raph ie  de r A. fem oralis 90 T ag e  n ach  de r m it K leben  d u rch g efü h rten  E nd-
zu -E nd-V  erein igung

Besprechung

W ie d a ra u f au ch  unsere E rfa h ru n g e n  hingew iesen h ab en , e ignet sich das 
K leb ev erfah ren  —  m it einem  F leck  o d er a u f  andere W eise —  zu r V ersch lie­
ßu n g  d e r lo ng itud ina len  G efäßinzisionen. D as Ziel un se re r E x p erim en te  w ar, 
die schw ierige T ech n ik  der E n d -zu -E n d -G efäß v ere in ig u n g  u n te r  A nw endung  
des K lebens zu vere in fach en  und  d a d u rc h  die O p era tio n sd au er zu v erk ü rzen .
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Die V erein igung d er G efäßenden  m it K leben  ist unseres E rach ten s  in 
e rs te r  Linie in K o m b in a tio n  m it R ic h tu n g sn ä h te n  m öglich. Die A nzahl der 
erfo rderlichen  R ic h tu n g sn ä h te  h än g t von  der S p an n u n g  d e r G efäßstüm pfe ,

Abb. 4. Ph lebograph ie  d e r V. fem oralis 90 T age n ach  de r m it K leben  d u rch g efü h rten  E n d -
zu -E nd-V erein igung

dem  M aß des G efäßes u n d  davon  ab , oh es sich  um  eine A rterie  oder eine Vene 
h a n d e lt. Die A n w en d u n g  einer, d u rch  eine sep ara te  Ö ffnung e ingefüh rten  
in n eren  Schiene (P o ly ä th y le n ro h r , irgendeine Sonde, oder ein geeignetes In s t r u ­
m en t) h a t  sich beim  K leben  der A nastom ose —  h a u p tsäch lich  im  Falle k le in e­
re r  G efäße und  V enen  —  gu t b ew äh rt, da sich  a u f  diese W eise die du rch  die 
S tü tz n ä h te  h e rb e ig e fü h rte  V erflachung  u n d  die d ad u rch  b ed in g te  V erzerrung  
des G efäßes e lim in ie ren  läß t.

Die w ichtige A nfo rd eru n g , näm lich  die genaue A d a p ta tio n  der W und-
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%

Abb. 5. D u rchgäng igkeit säm tlich er gek leb ten  Gefäße. □  vo llkom m ene D u rch lässigkeit;
17771 Stenose; |  T hrom bose

Abb. 6. D as m it E n tzü n d u n g sze llen  um sp o n n en e  u n d  auch F rem dkö rp erriesen ze llen  e n t­
h a lte n d e  G ranulationsgew ebe h ä u ft sich in  d e r U m gebung der R ich tu n g sn ä h te  an  u n d  

b e fin d e t sich rings u m  den K le b s to ff  n u r in k leinen  M engen

rä n d e r , k ann  d u rch  en tsp rechendes A useinanderz iehen  d er S tü tz n ä h te  u n d  
d e r A dd u k tio n  d er G efäßstüm pfe  e rre ic h t w erden.

E s em pfieh lt sich, das K leben in  zwei E tap p en  d u rch zu fü h ren : zu ers t 
a u f  d er vorderen , so d an n  au f der h in te re n  G efäßfläche. F a lls  die genaue V er-
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% ARTERIEN % VENEN

Abb. 7. D u rchgäng igkeit d e r  A rte rien  u n d  V enen. □  vo llkom m ene D urch lässigkeit; (777) S te ­
nose: H  T hrom bose

A.CAR0TIS +  A. FEMORAIIS+-
V, JUGULARIS V. FEMORALIS

Abb. 8. D urchgäng igkeit d e r  H als- u n d  Schenkelgefäße. □  vo llkom m ene D urch lässigkeit;
[///I S tenose; £  T hrom bose

e in ig u n g  der G e fä ß rä n d e r n ich t gelingt, k a n n  K leb sto ff in das Lum en gelangen 
u n d  Throm bose v e ru rsa c h e n . Die K on tro lle  der A d a p ta tio n  e rle ich te rt d er 
G eb rau ch  einer V erg rößerungsb rille . D a d er K leb sto ff den  F äden  der R ic h ­
tu n g sn ä h te  w eniger a n h a f te t  als den G ew eben, m uß  die U m gebung der S tü tz -  
n ä h te  —  um  einer N a c h b lu tu n g  v o rzu b eu g en  —  m it K leb sto ff re ich licher 
b es trich en  w erden.

Im  Laufe d er G efäß o p era tio n en  h ab e n  w ir n u r die G efäßstüm pfe m it 
v e rd ü n n te r  H ep a rin lö su n g  du rchgespü lt.

W ichtig  is t, d a ß  das K leben an  sp an nungsfre ien  G efäß ab sch n itten
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geschehe. In  72 ,5%  unseres 51 G efäß an asto m o sen  um fassenden  V ersu ch s­
m a te ria ls  konn te  eine to ta le  und  in  11,8%  eine p a rtie lle  D u rch g än g ig k e it 
e rre ic h t w erden, w elche A ngaben m it d en  E rgebn issen  a n d e re r  V erfasser ü b e r ­
e in stim m en  (B o r n e m i s z a ). Die w eitere  A nalyse, genauer gesagt die A u fte i­
lung  u nserer R e su lta te  in  eine arte rie lle  und  eine venöse G ruppe zeig t, daß  
20 d e r 26 geklebte A rte r ie n  durchgäng ig  b lieben  und  6 th ro m b o tis ie rte n ; w as 
die 25 gekleb ten  V en en  anbelang t, b lieb en  17 vo llkom m en u n d  6 m it e in er 
S tenose durchgäng ig , w äh ren d  2 V enen th ro m b o tis ie r te n  (A bb. 7). W ie e rs ic h t­
lich , lieg t die Z ahl d e r  th ro m b o tis ie rte n  A rte rien  h ö h er als die der V enen, h in ­
sich tlich  der D u rch g än g ig k e it der b e id en  G efäß ty p en  m eld e t sich jed o ch  kein  
n en n en sw erte r U n te rsch ied .

W erden  unsere  F ä lle  der L o k a lisa tion  en tsp rech en d  in zwei G ruppen  — 
H als- u n d  Schenkelgefäße  — e in g e te ilt, so t r i t t  die W ich tig k e it der sp a n ­
nungsfre ien  G efäßverein igung  noch p rä g n a n te r  in E rsch e in u n g  (Abb. 8). In  
der e rs te n  G ruppe, zu  d e r 22 H alsgefäße gehören , b e tru g  die P ro zen tzah l der 
D u rch g än g ig k e it 1 0 0 %  u n d  es kam en  w eder S tenosen , noch  T hrom bosen  v o r, 
in  d e r zw eiten, 29 A a . u n d  Vv. fém orales um fassenden  G ruppe dagegen , wo 
be i d e r V erein igung d e r  S tüm pfe die S p an n u n g  sehr au sg ep räg t is t, b lieben  
n u r 15 G efäße v o llk o m m en  und  6 p a r tie ll  du rchgäng ig , w äh ren d  sich in  8 F ä l­
len  eine T hrom bose en tw ick e lt h a t. U nsere  E rfa h ru n g e n  sprechen  som it d a fü r, 
d aß  d e r E rfolg des G efäßklebens in  e rs te r  L inie von  d er spannungsfre ien  V er­
e in igung  der G efäß ab sch n itte  a b h ä n g t.

A us den B eo b ach tu n g en  lassen sich  F o lgerungen  ziehen.
1. Die E n d -zu -E n d -G efäß v ere in ig u n g  k a n n  am  v o rte ilh a fte s te n  m it der 

k o m b in ie rten  A n w en d u n g  von R ic h tu n g sn ä h te n  u n d  K leben  d u rch g e fü h rt 
w erden . Die V erw en d u n g  des K lebsto ffs  allein  is t ungen ü g en d , das K leben  
e rse tz t die N äh te  n ic h t.

2. Die A nzah l d e r  R ich tu n g sn äh te  h ä n g t vom  M aß der S p annung , von  
T yp  u n d  W eite d e r G efäße und  von  den  im  G efäß herrsch en d en  D ru c k v e r­
h ä ltn issen  ab.

3. D as G efäß k leb en  v ersp rich t a u f  span n u n g sfre ien  G efäß ab sch n itten  
die b e s te n  E rgebn isse  (z. B. A. caro tis  u n d  V. ju g u la ris ). Im  Falle ex p an siv e r 
G e fäß ab sch n itte  (z. B . A. und  V. fem oralis) sind  die R esu lta te  sch lech te r.

4. Die V orteile  des K lebens g egenüber den  h e rköm m lichen  N ä h m a te r ia ­
lien  lassen  sich au ch  histo logisch  bew eisen : In  der U m gebung  des d ü n n  a u f­
ge trag en en  K lebsto ffs  is t die F rem d k ö rp e rre ak tio n  w eniger au sg ep räg t als 
in d e r N ach b arsch aft d e r N ähte.

5. Die strenge  B each tu n g  der R egel d er A sepsis is t auch  beim  K leben  
von  W ich tigkeit, d a  im  Falle einer In fe k tio n  G efäß th rom bose  e n ts te h t, die 
g ek leb ten  F lächen  sich  tren n en  u n d  eine —  ev en tu e ll töd liche —  B lu tu n g  
a u f tr i t t .

6. H ierzu sei b e m e rk t, daß  die H u n d e  bere its  am  e rs ten  p o sto p era tiv en
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T a g  au fstehen  und  sich bew egen , d. h . d aß  die erforderliche R uhe n ic h t gesi­
c h e r t  w erden k an n , t r o tz  allem  h a t sich a b e r das G efäßkleben  als erfo lgreich  
erw iesen .

7. Die m it e n tsp re c h e n d e r tech n isch er G ew an d th e it d u rch g efü h rte  k o m ­
b in ie r te  (R ich tu n g sn äh te  u n d  K leben) G efäß  Vereinigung is t ra sch er u n d  e in ­
fa c h e r  als die k lassischen  V erfah ren . D ies u n te rs tü tz e n  auch  die V ersuche, in  
d en en  be i einem  T ier, in  e in er S itzung , 8 G roßgefäße (2 A. caro tis-, 2 V. ju g u - 
la r is -F ä lle , 2 Aa. fém orales u n d  2 V v. fém orales) erfo lgreich  d u rc h g e tre n n t 
u n d  w ieder vere in ig t w u rd en .

8. D en E n d -zu -E n d -G efäß v ere in ig u n g en  is t in e rs te r  L inie bei den  
O rg a n tra n sp la n ta tio n en  u n d  -re p la n ta tio n en  eine R ed eu tu n g  beizum essen , 
a u ß e rd e m  ist das K leb en  im  F alle  te ch n isch e r Schw ierigkeiten  (A rte rien  u n d  
V en en  m it kleinem  D u rchm esser) oder insofern  die rasche D u rch fü h ru n g  der 
O p e ra tio n  en tscheidend  is t ,  besonders v o rte ilh a f t.

Z U SA M M E N FA SSU N G

D ie anläßlich der A n w en d u n g  des B u ty l-2 -cy an o ac rila t G ew ebeklebstoffs gew onnenen 
E rfa h ru n g e n  fü h rten  zur F e s ts te llu n g , daß  sich d as P rä p a ra t  zu r G efäßverein igung  eignet. 
A nsch ließ en d  werden die O p e ra tio n stech n ik  b esch rieb en  u n d  die B e d eu tu n g  de r M ethode 
a n a ly s ie r t.
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COMPARATIVE STUDIES ON THE INTESTINAL 
LOOP-DILATING EFFECT OF LIVE CULTURE 

OF E S C H E R I C H I A  C O L I  0141 : K85, 88 
AND ITS ENTEROTOXIN IN MINIATURE 

AND LARGE WHITE PIGS

B y

G. S e m j é n  and L . P e s t i

V e te r in a ry  M edical R esearch  In s t i tu te  (D irec to r: D. D erzsy ), 
H u ngarian  A cadem y of Sciences, B u d a p es t

(R eceived  M ay 14, 1972)

P ig  breeders su ffe r  considerable losses from  d iseases caused  b y  Escherichia coli. F o llow ­
ing  th e  findings o f S o jk a  (1965) and Szabó (1965) am ong o th ers , i t  is now  fa irly  well estab lish ed  
t h a t  m ost of the  d iseases a re  induced by s tra in s  o f c e rta in  se ro types , b u t  desp ite  th e  m u ch  w ork  
on th e  subject th e  m ech an ism  th rough  w h ich  such  s tra in s  p ro v o k e  d iarrh o ea  in pigs is still 
n o t  elucidated.

According to  m o re  recen t d a ta  (S m it h  an d  H a lls , 1967b an d  o thers), th e  s tra in s  
in v o lv ed  exert th e ir  en te ro p ath o g en ic  e ffec t by  p ro d u c in g  an  ex o tox in -like  su b stance, called  
en te ro to x in .

T hough th e  l ig a te d  in testin a l loop te s t ,  as desc rib ed  b y  D e  an d  Ch a t t e r je  (1953), 
has been  found su ita b le  b y  m any for d e te rm in in g  th is  en te ro p a th o g e n ic ity  (N amioka  e t  ah , 
1958; M oon e t ah , 1966; Sm ith  and  H a l l s , 1967a; Gy l e s  a n d  B a r n u m , 1967; N ie l s e n  
a n d  Sa u t t e r , 1968), th e re  are still a  few c o n tra d ic to ry  re p o rts  on i ts  va lue  (Sm ith  and  H a l l s , 
1967b; T ru szczy nsk i a n d  P ila szek , 1969).

I t  therefore  seem ed  advisable to  exam ine th e  loo p -d ila tin g  effect of som e 
given E. coli s tra in  an d  its en te ro to x in  to g e th e r  w ith  th e  re a c tiv ity  of th e  te s t  
an im als to  the  e n te ro to x in . This s tu d y  form s p a r t  of a larger-scale in v es tig a ­
tio n  in to  the  d iseases of the  porcine d igestive  a p p a ra tu s  an d  th e  a ilm en ts o f 
suck ing  pigs in d u c e d  by E. coli w ith  w hich th is  In s t i tu te  has long been co n ­
cerned .

Materials and methods

Production o f  enterotoxin

The en te ro p a th o g en ic  reference s tra in  E . coli, sero ty p e  0141:K 85,88 
wras used* th ro u g h o u t th e  experim en ts. F ro m  a 24-hour b ro th  cu ltu re  of s tra in  
1 m l w as in o cu la ted  in to  the liga ted  segm en ts. E n te ro to x in  from  th e  reference 
s tra in  by  a slig h t m od ifica tion  of th e  m e th o d  o f Sm i t h  an d  H alls  (1967b), 
w as p repared  e m p lo y in g  a n u tr ie n t m ed iu m  co n ta in in g  0 .3%  agar and  s to red

* Our th an k s  a re  due  to  Dr. H . W . Sm it h  (A nim al H e a lth  T ru s t, S tock, Essex, U K . ) 
fo r p u ttin g  th e  s tra in  a t  our disposal.
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a t  — 20 °C. The sterile  e n te ro to x in  in doses o f 15 ml w ith o u t ad d in g  an tib io tic  
to  th e  segm ents w as ad m in is te red . As co n tro l substances 15 m l physio logical 
sa lin e  to  th e  segm ents or th e  sam e a m o u n t o f m a te ria l p rep a red  from  th e  
n u tr ie n t  m edium  in th e  sam e w ay  as e n te ro to x in , b u t  w ith o u t in o cu la tio n  w as 
in je c te d  in to  th e  rem a in in g  segm en ts.

E xperim enta l anim als  and  surgical procedure

T he anim als o f ou r d isposal com prised  16 M innesota M in ia tu re  pigs (ten  
o f  th e m  9 to  12 w eeks o ld, w eighing  7 to  14 kg, and  six  21 to  27 w eeks old, 
w eigh ing  10 to  19 kg) an d  17 large W h ite  pigs (7 to  15 w eeks old, 10 to  20 kg 
in  w e ig h t). A fter fa s tin g  th e m  fo r 24 h o u rs  th e  an im als w ere an aes th e tized  
w ith  “ H ib ern a l 0 .5 % ” * (1 m l/kg) an d  In tran a rco n * *  (0.2— 0.3 m l/kg) and  
su b je c te d  to  left-side la p a ro to m y . E x c e p t fo r along a 1-m etre  s tre tc h  o f th e  
d u o d e n u m  d is ta l to  th e  p y lo ru s , th e  sm all in te stin e  w as t ie d  w ith  silk th re a d  
to  p ro d u ce  a variab le  n u m b e r o f seg m en ts  (usually  15 to  17). S egm ents w ere 
in o c u la te d  w ith  live cu ltu re , e n te ro to x in  o r  one of th e  co n tro l su b stan ces as 
a ru le  sep a ra ted  b y  an  u n tre a te d  seg m en t. T he anim als w ere k illed  an d  d issec ted  
24 h o u rs  a fte r o p era tio n . A reac tio n  w as accep ted  as p ositive  if  th e  vo lum e 
o f f lu id  recovered  from  a lig a ted  seg m en t am oun ted  to  or exceeded  8 m l. 
In v e s tig a tio n s  now  in progress h av e  show n, how ever, th a t  m ore ex ac t re su lts  
w o u ld  have  been o b ta in ed  if  th e  w e ig h t o f  flu id  in th e  segm en t h a d  been 
re fe rre d  to  1 g o f in te s tin a l w all (ra tio  o f  flu id  w eight to  w eig h t o f g u t w all).

Results

T he u n tre a te d  segm ents o f 5 M in ia tu re  and  2 L arge W h ite  p igs w ere 
fo u n d  to  con ta in  m ore th a n  8 m l f lu id  a t  th e  post-m ortem  ex am in a tio n , and  
so th e se  anim als w ere excluded  from  ev a lu a tio n .

T he rem ain ing  26 an im als cou ld  be grouped u n d e r th ree  categories 
(T ab le  I): (1) an im als in w hich only  th e  live cu ltu re  p ro v o k ed  ap p reciab le  
accu m u la tio n  of flu id , while th e  e n te ro to x in  had  p rac tica lly  no e ffec t; (2) 
a n im a ls  d isp lay ing  m ark ed  reac tio n s in  w hich b o th  th e  live cu ltu re  an d  th e  
e n te ro to x in  elicited  a considerab le  accu m u la tio n  of flu id  in all in ocu la ted  
se g m e n t; (3) an im als in  w hich live c u ltu re  in v ariab ly  gave rise to  n o tab le  flu id  
accu m u la tio n , w hereas reac tio n  to  th e  en te ro to x in  was p ositive  in som e and  
n e g a tiv e  in o th e r segm ents.

D isregard ing  th e  seven  an im als ex c lu d ed  from  ev a lu a tio n , on ly  lig a ted  
in te s t in a l  segm ents tre a te d  w ith  live cu ltu re  or en te ro to x in  w ere found  to  be

* U nited  W orks of P h a rm ac eu tica l a n d  D ie te tic  P ro d u c ts  (E G Y T ), B u d ap es t.
** Chinoin W orks, B u d ap est.
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d ila te d  (Fig. 1). N e ith e r  the  a d m in is tra tio n  of saline n o r th a t  of th e  n u tr ie n t 
m ed iu m  caused d ila ta tio n  and  in  fa c t  th e  en tire  15 m l o f in o cu la ted  f lu id  was 
a b so rb ed . U n tre a te d  segm ents o f  th e se  an im als show ed no flu id  accu m u la tio n  
e ith e r :  all th a t  w as observed w as a sm all q u a n tity  of m ucus s tick ing  to  th e  
in te s tin a l m ucous m em brane.

A nterio r in o cu la ted  segm ents c o n ta in e d  m ore flu id  th a n  th e  low er loops 
o f one and  the sam e anim al. In  g en era l, loops m ore cau d a lly  s itu a te d  th a n  th e  
1 7 th  segm ent fa iled  to  respond  to  en te ro to x in , w hereas live cu ltu re  still

Tabic I
R eactions to  E . coli b ro th -cu ltu re  an d  en te ro to x in  in liga ted  in te stin a l loops 

o f M innesota M in ia tu re  pigs an d  Large W hite  pigs

Minnesota M iniature pig Large W hite pig

N um ber
of

animals

Broth cu ltu re  | Enterotoxin Number
of

animals

B roth  culture Enterotoxin

P ositive /to ta l segments Positive/total segments

M arked  reaction 6 1 1 /1 2 1 1 /1 2 9 2 0 /2 0 30/30

V ariab le  reaction to
en te ro to x in — — — 5 17/17 19/36

W eak  reac tion 5 9/10 3/14 1 i / l 0/4

N o t evaluable 5 — 2 — —

d ila te d  them . L ig a tio n  caused m u ltip lic a tio n  in  the  n u m b e r o f m icroorganism s 
in  th e  tre a te d  an d  u n tre a te d  loops alike, b u t  positive flu id  reac tions were 
o b se rv ed  only in loops inocu la ted  w ith  th e  live cu ltu re  o f E . coli 0141:K 85,88 
o r th e  en te ro to x in .

R esults w ith  regard  to  th e  se n s itiv ity  of the  tw o  breeds to  th e  live 
c u ltu re  and en te ro to x in  of E. coli w ere as follows.

M inia ture  M inneso ta  pigs

A bout h a lf  o f th e  evaluab le  an im als  gave w eak reac tio n s . O f th e  to ta l  
o f 14 segm ents t r e a te d  w ith  e n te ro to x in  only  th ree  re sp o n d ed  positiv e ly ; th e y  
c o n ta in e d  21, 14 an d  11 m l o f f lu id , re spec tive ly . L ive cu ltu re  d ila ted  only  
th e  a n te rio r  segm ents in  all cases, w hile reac tio n  failed  to  ap p ear in  som e of 
th e  m ore posterio r loops. The av e rag e  volum e of flu id  p ro d u ced  by  live cu ltu re  
a m o u n te d  to  11.4 m l in the  a n te r io r  segm en ts, and  8.8 m l in  segm ents 9 a n d  11.

S ix  of the  11 evaluable an im als  o f th is  ca tegory  gave m arked  reac tio n s  
(T able I I ) :  a large volum e of flu id  accu m u la ted  p a r tic u la r ly  in the  segm ents 
in o cu la ted  w ith  en te ro to x in . Tw o o f  th e  o lder M iniature  pigs (21— 27 w eeks) 
gave m arked  and  fo u r gave w eak  re a c tio n s , while w eak re a c tio n  was observed  
in  o n ly  a single an im a l of th e  y o u n g e r  age group (9— 12 w eeks).
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Table II

Pronounced re ac tio n  to  live cu ltu re  an d  en tero tox in  o f E . coli 
in  ligated  in testin a l loops of 6 M innesota M in iatu re  pigs and 9 L arge  W hite  pigs

Reaction
Volume of fluid

Treatm ent Positive/total segments in segment (ml)

Minnesota Large W hite Minnesota Large W hite

L ive cu ltu re  into 1st segm en t 6/6 9/9 47.6 ±  9.14** 57.3 ±  11.95**

L ive cu ltu re  into 9 th , o r 1 1 th  and 
7 th  o r 13th segm ent 5/6 11/11 28.5 ±  7.95 45.4 ±  5.25

E n te ro to x in  into 3rd, 5 th , 7 th  or 
1 1 th  segm ent 11/12 — 46.0 ±  6.98 —

E n te ro to x in  into 3rd, 5 th , 7 th  or 
11 th ; 3rd, 4th, 5 th  an d  9 th , 10th, 
1 1 th  segm ent 30/30 60.1 ±  4.57

C ontro l substance 0/2 0/3 — —

Saline 0/1 0/4 — —

* 24-hour b ro th  c u ltu re  of E . coli 0141 : K85,88 
** m ean value and  s ta n d a rd  deviation

All anim als o f  th is  group d isp lay ing  u n ev a lu ab le  reac tio n s were 9 to  
12 w eeks old. N one o f  th e  M iniature  pigs show ed variab le  sen s itiv ity  to  e n te ro ­
to x in .

F ig . 1. E ffec t of E . coli b r o th  cu ltu re  and en te ro to x in  on  lig a ted  segm en ts o f th e  sm all in te stin e  
o f pig . 1, 11, live c u ltu re ;  3, 5, 7, 9, en te ro to x in ; 2, 4, 6, 8, 10, 12, u n tre a te d  segm en ts; 13, 

control su b s ta n c e ; 0, duodenum  tied  u p  a t  d issection  w ith o u t tre a tm e n t
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Large White p igs

O nly one of th e  15 eva luab le  an im als of th is  group gave a w eak reac tio n . 
T he volum es of flu id  w hich accu m u la ted  in th e  d iffe ren tly  t r e a te d  segm ents 
of th e  n ine stro n g ly  reac tin g  an im als are  lis ted  in  Table I I .  I t  can  be seen th a t  
all in te s tin a l loops inocu lated  w ith  live cu ltu re  or e n te ro to x in  co n ta in ed  
a n o tab le  volum e o f flu id . B o th  th e  b ro th  cu ltu re  and  e n te ro to x in  p ro v o k ed  
m ore flu id  th a n  in  th e  co m p arab ly  t re a te d  loops of M inneso ta  pigs, th o u g h  
th e  difference w as n o t sig n ifican t (p  ]> 0.05).

T he liga ted  in te s tin a l segm ents o f five  an im als d isp lay ed  v a ry in g  sensi­
t iv i ty  to  en te ro to x in  (Table I I I ) .  L ive cu ltu re  in v ariab ly  p ro d u ced  n o tab le

Table III
R esponses to en te ro to x in  of lig a ted  in testinal loops 
in  L arge W hite  pigs d isp laying v a riab le  sen sitiv ity

Animal
Broth culture Enterotoxin

Serial
No. of segment Reaction No.

Serial
of segment Reaction

44 1, 9, +  + 3, 5, 7 + -  +
17, 25 +  + i l , 13, 15 + +  +

19, 21, 23 + +  +
45 ). 9 +  + 3, 5, 7 + -  +

17, 25 +  + 11. 13, 15 + —  —

19, 21, 23 — —
52 1 + 3, 4, 5 + +  +

7 + 9. 10, n — —  —
13 +

53 1 + 3, 4, 5 — —  —

7 + 9, 10, 11 — +  +
13 +

54 1 + 3, 4, 5 + —  —

7 + 9, 10, 11 + 4—
13 +

positive reac tion ; —, n egative  reaction

accu m u la tio n  of f lu id  range: 16— 63 m l, m ean  v alue: 29.4 m l), w hereas e n te ro ­
to x in  h ad  the  sam e effect in  on ly  19 o f th e  36 liga ted  seg m en ts , th e  o th e r 
17 loops being found  em p ty . T he p ro p o rtio n  and  a rran g em en t o f positive an d  
n eg a tiv e  segm ents v a ried  from  an im al to  an im al.

Discussion

O ne-th ird  o f th e  M in ia tu re  pigs w ere u n fit for e v a lu a tio n , and  a b o u t 
h a lf  o f th e  evaluab le  an im als fa iled  to  re sp o n d  to  e n te ro to x in . The m a jo rity  
of an im als reac tin g  w eakly  to  e n te ro to x in  belonged to  th e  o lder age g roup
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(21— 27 weeks). E m p lo y in g  the  loop te s t ,  Moon an d  W h ip p  (1970) d em o n ­
s t r a te d  th a t ,  s ta r t in g  from  the  age o f six  w eeks, pigs can  develop resis tan ce  
to  E . coli w ith  a d v a n c in g  age —  b u t  o n ly  to  ce rta in  s tra in s . A lthough  n u m e r­
ous te s ts  were ca rried  o u t in th e  p re se n t ex p erim en ts , no evidence Mas found  
fo r th e  existence o f  ag e-d e te rm in ed  resis tan ce  to  th e  reference s tra in  used. 
W e do no t, th e re fo re , reg a rd  th e  lack  o f sen s itiv ity  to  en te ro to x in  observed  
in  o u r M iniature p igs as a phenom enon  re la ted  to  age. I t  seems ra th e r  th a t  
b re e d  and  o th e r m ore or less un k n o w n  fac to rs  p lay  a c e r ta in  role in  reac tio n s  
to  th e  ad m in is tra tio n  o f en te ro to x in .

Though u n in o c u la te d  segm ents m a y  d ila te  in  in a d e q u a te ly  s ta rv e d  a n i­
m als  carry ing  E. coli, th is  phenom enon  s till fails to  ex p la in  th e  large p ro p o r­
t io n  of unevaluab le  M inneso ta  pigs.

The p ro p o rtio n  o f  w eak ly  re a c tin g  L arge  W hite  p igs w as co n sis ten t w ith  
f in d in g s repo rted  b y  S m it h  and  H a l l s  (1967b) an d  M o o n  and  W h i p p  (1970). 
H ow ever, in five cases th e  sam e e n te ro to x in  elic ited  in  th e  sam e an im a l a 
p o sitiv e  reaction  in  som e segm ents an d  a neg a tiv e  one in  o thers. No co rre la ­
tio n  was found b e tw een  th e  position  an d  th e  se n s itiv ity  of th e  seg m en ts  
(T ab le  I I I ) ;  so t h a t  th e  v a r ia b ility  o f e n te ro to x in  se n s itiv ity  canno t be due 
to  th e  caudally  d im in ish in g  re a c tiv ity  o f  th e  sm all in te s tin e . S m it h  and  H a l l s  
(1967b) do no t m e n tio n  any  differences in  se n s itiv ity  betw een  th e  vario u s 
segm en ts, th o u g h  th e ir  resu lts  seem  to  in d ica te  th a t  th e y  m u st have observed  
th is  phenom enon. O n th e  o th e r h a n d , M o o n  e t al. (1966) affirm  th a t  “ th e  
response  of one loop to  an  en te ro p a th o g en ic  s tra in  m ay  be  positive, w hereas 
th e  response of a n o th e r  loop (located  a p p ro x im a te ly  30 cm  a n te rio r or p o ste rio r 
in  th e  in testine  o f  th e  sam e pig) to  th e  sam e challenge m ay  be n e g a tiv e ” . 
W e failed  to  see th is  e ffec t in segm ents in o cu la ted  w ith  live cu ltu re ; v a ria b le  
se n s itiv ity  was fo u n d  on ly  in re sp ec t o f en te ro to x in . T ho u g h  we are n o t in 
a positio n  to  ex p la in  th e  phenom enon , i t  is clear th a t  v a riab le  sen s itiv ity  of 
th e  segm ents m u st be reckoned  w ith  w hen  exam in ing  th e  e n te ro p a th o g en ic ity  
o f  E . coli s tra in s a n d  th e ir  en te ro to x in s .

S m it h  an d  H a l l s  (1967a, b) fo u n d  th a t  in  lig a te d  in te s tin a l loop of 
L arg e  W hite pigs th e  vo lum e of flu id  p ro v o k ed  by  live cu ltu res  or en te ro to x in  
m a y  flu c tu a te  co n sid e rab ly  from  an im al to  an im al. N o tw ith s ta n d in g  th is , no 
m ore  th a n  8 of 66 p igs h ad  to  be d isreg a rd ed  on ac c o u n t o f w eak reac tio n . 
As in  th e  p resen t e x p e rim en ts , th e  live cu ltu re  alw ays p ro d u ced  positive re a c ­
tio n s  in  these w eak  reac to rs , b u t th e  vo lum e of flu id  in  th e  segm ents w as 
less th a n  usual. T h is a n d  th e  p resen t f in d in g s are in d irec t c o n tra s t to  th e  co n ­
clusions of T r u s z c z y n s k i  and  P i l a s z e k  (1969) who s ta te d  th a t  th e  sam e en ­
te ro to x in  in tro d u ced  in to  th e  lig a ted  sm all in te s tin a l segm ents of d iffe ren t 
L a rg e  W hite pigs does n o t induce flu id  accu m u la tio n  reg u la rly , and  fu r th e r , 
t h a t  the  num ber o f pigs unresponsive to  e n te ro to x in  n o rm ally  exceeds th a t  
re p o rte d  by  Sm it h  a n d  H a l l s . T herefore  T r u s z c z y n s k i  a n d  P il a s z e k  (1969)
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re g a rd  th e  loop te s t  as being of lim ited  value for th e  d em o n stra tio n  o f th e  
en te ro p a th o g en ic  n a tu re  o f E. coli s tra in s  an d  th e  ex am in a tio n  o f th e  p o ­
te n c y  o f th e ir  en te ro to x in s . As reg a rd s  L arge W hite  pigs, our re su lts  do n o t 
su p p o rt th is  opinion.

In v es tig a tio n s  o f  th e  bacteria l f lo ra  of liga ted  segm ents p roved  th a t  it is 
no t th e  increase in  b a c te r ia l count e lic ited  b y  liga tion  b u t  only  th e  e n te ro ­
p a th o g en ic  E . coli s tra in  or its e n te ro to x in  th a t  is responsib le  from  th e  d i la ta ­
tio n . P ro v id e d  the  n u tr ie n t  m edium  is a d e q u a te , en te ro to x in  is o b ta in a b le  
from  a n y  e n te ro p a th o g en ic  s tra in  o f E . coli w hich  causes flu id  to  accu m u la te  
in  lig a te d  in te s tin a l loops. The processes b y  w hich flu id  accum ula tes in  lig a ted  
in te s tin a l loops tre a te d  w ith  e n te ro to x in  are p resu m ab ly  sim ilar to  those  
invo lved  in cases of n a tu ra l  d iarrhoea p ro v o k ed  by  E . coli, w hich are c h a ra c ­
te rized  b y  a considerab le outflow  of f lu id  in to  th e  sm all in testin e .

T he degree of re a c tio n  in gut loops in o cu la ted  w ith  live cu ltu re  or e n te ro ­
to x in  depends on th e  suscep tib ility  o f  th e  an im al, w hich  m ay  be complete 
(an im als g iv ing  m ark ed  reaction), p a r tia l  (anim als w ith  v a ry in g  sen s itiv ity )  
o r strongly reduced (an im als w ith  w eak  reac tio n ). E n te ro to x in , i f  a d m in is te red  
to  an im als  w ith  v a ry in g  sen sitiv ity , p ro v o k es  e ith e r large volum es of f lu id  or 
has no e ffec t w h atev er. A nim als of th is  k in d  are of lim ited  value su ite d  fo r 
s tu d y in g  th e  effect o f en te ro tox in . T h o se  an im als show ing w eak re a c tio n  are  
u n su ita b le  for the  s tu d y  of en te ro to x in  effect an d  only  q u estio n ab ly  su ita b le  
for th e  lo o p -d ila ting  ac tio n  of live c u ltu re s . T here w ere num erous e n te ro to x in - 
re s is ta n t M innesota  p igs in  our m a te r ia l, so th a t  on ly  th e  L arge W h ite  p igs 
seem  to  u s  to  be a p t fo r th e  ligated  in te s t in a l  loop te s t .  E rro rs  due to  v a ry in g  
e n te ro to x in  sen s itiv ity  can  be p rev en ted  b y  using  th e  live cu ltu re  an d  e n te ro ­
to x in  of a s ta n d a rd  en te ro p a th o g en ic  E . coli s tra in  as positive  con tro ls a n d  
e v a lu a tin g  th e  resu lts  b y  com parison w ith  th e  vo lum e of flu id  p rovoked  b y  
the  co n tro l substances. I t  follows th a t  th e  loop -d ila ting  effect o f b o th  a g iven
E . coli s tra in  and  its  en te ro to x in  have  to  be s tu d ied  in  a t  least tw o segm en ts 
each of tw o  pigs. This req u irem en t m ak es  th e  in te s tin a l loop te s t  m ore e x p e n ­
sive an d  labo rious, b u t  a t  p resen t no m o re  reliab le  m eth o d  is availab le . D em o n ­
s tra tio n  o f  e n te ro to x in  b y  o ther b io logical te s ts  such as m ouse le th a lity , p y ro ­
genic e ffec t on ra b b its  (T r u s z c z y n s k i  an d  P il a s z e k , 1970) have failed  to  
prove specific  in  our experim en ts.

SU M M A R Y

T he in testinal-loop  d ila tin g  effect of b r o th  cu ltu re  and  th e  e n te ro to x in  o f th e  s tra in  
E . coli 0141 : K 85,88 has been  stu d ied  in 16 M in n eso ta  M in iature  pigs and  17 L arge W h ite  p igs. 
R eac tio n s o b ta in e d  from  fiv e  M innesota and tw o  L arge  W hite  pigs were u n su itab le  fo r e v a lu a ­
tion . T he rem ain in g  26 an im als  form ed th re e  g ro u p s: (1) anim als d isp lay ing  w eak  re a c tio n  
in  w hich  o n ly  th e  live c u ltu re  provoked a p p rec ia b le  flu id  accu m u la tio n ; (2) an im als g iv ing  
p ro n o u n ced  re ac tio n  in  w h ich  all tre a te d  seg m en ts  w ere n o tab ly  d ila ted  b y  b o th  e n te ro to x in  
and live  c u ltu re :  (3) an im als displaying v a ry in g  sen sitiv ity  to  e n te ro to x in  in  w hich  th e  re s ­
ponse to  live  cu ltu re  was a lw ays positive, w hile  t h a t  to  e n te ro to x in  w as positive  in  som e and  
n egative  in  o th e r  segm ents.
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Only six o f th e  M in ia tu re  pigs w ere sen sitiv e , th e  o th e r five gave w eak reac tio n s , 
w hereas only a single one o f th e  fifteen  L arge W h ite  pigs developed w eak reac tio n , nine show ed 
p ronounced  se n sitiv ity , a n d  five  disp layed v a ry in g  sensitiv ity .

E v a lu a tin g  th e  re lia b ility  of the  in te s tin a l loop  te s t  w ith  reg ard  to  th e  v a ry in g  se n sitiv ­
i ty  o f th e  pigs to  e n te ro to x in , i t  is concluded t h a t  th e  te s t ,  carried  o u t u n d e r th e  e x p erim en ta l 
co n d itions as d escribed  in  th e  paper, is su itab le  fo r d e m o n s tra tin g  in  th e  L arge W hite  p ig  
th e  E . coli s tra in s  a n d  th e ir  en te ro to x in s in v o lv e d  in  th e ir  e n te ra l diseases b u t  is u n su itab le  
fo r  th is  purpose in  re sp e c t o f th e  M innesota  M in ia tu re  pig.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN 
ÜBER DIE MIKROGAMETENENTWICKLUNG 

DES MÄUSECOCCIDS E I  M E  I R A  F A L C I F O R M  I S

V on

E . S c h o l t y s e c k ,* L . P e l l é r d y , H .  M e h l h o r n  und A. H a b e r k o r n

Zoologisches I n s t i tu t  der U n iv e rs itä t B onn , A bte ilung  fü r P rotozoologie ,
V et.-m ed . F o rsch u n g s in s titu t der U n g a risch e n  A kadem ie der W issenschaften , 

B u d a p es t und  I n s t i tu t  fü r  P arasito log ie  u n d  V e terinärm ed iz in  der B ay er AG.
W u p p e rta l-  E lberfeld

(E ingegangen a m  22. Ju li 1972).

D as M äusecoccid E im eria  fa lc ifo rm is  h a lte n  w ir u n te r  den  zah lre ichen  
E im eria -A rten  fü r  e in  geeignetes M odellcoccid , das alle B ed ingungen  e rfü llt, 
die an  ein  solches O b je k t gestellt w e rd en . Die L aborm aus erwre ist sich d abei 
als M odellw irt. D a P a ra s i t  und  W irt s tä n d ig  im  L abor geh a lten  w erden  k ö n ­
nen , s in d  experim en te lle  In fek tio n en  re la tiv  le ich t d u rch zu fü h ren . V o rau s­
se tzu n g  fü r  w eitergehende U n te rsu ch u n g en  is t allerd ings die e ingehende K e n n t­
nis v o n  d er M ikrom orphologie und  E n tw ic k lu n g  dieses Coccids. W ir b e ric h te n  
d a h e r in  der vo rliegenden  A rbeit ü b e r  die E n tw ick lu n g  u n d  D ifferenzierung  
d e r  M ikrogam eten  v o n  E . fa lc ifo rm is .

L ich tm ik roskop isch  w urde das C occid von  H a b er k o r n  (1970) u n te rsu c h t, w äh ren d  
an  e lek tro n en o p tisch en  A rb e ite n  Berichte ü b e r  die F e in s tru k tu r  der M ak ro g am eten , Schizon- 
te n  u n d  M erozoiten vo rlieg en  (Sch o l ty se c k , M e h l h o r n , H a b e r k o r n , 1971; P e l l é r d y , 
H a b e r k o r n , Me h l h o r n , S ch olty seck , 1971; Me h l h o r n , Sé n a u d , S c h o l ty se c k , 1972). 
V on besonderem  In teresse  erscheinen uns w e ite re  lich t- u n d  e lek tronenm ikroskop ische  U n te r ­
su ch u n g en  zur C ytochem ie u n d  Pathologie b e im  M odellparasiten  u n d  beim  M odellw irt.

Material und Methode

Coccidienfreie M äuse (spf. СЕг W in k e lm an n  u n d  spf. N M R I-H an .)  w u r ­
den  p e r  os m it 105 sp o ru lie rten  O o cysten  v o n  E . fa lc ifo rm is  in fiz ie rt. A m  6 .—
9. T ag  n ach  der In fe k tio n  w urden d ie  M äuse g e tö te t, k leine D arm stü ck ch en  
aus dem  E pithelze llenbere ich  e n tn o m m e n  u n d  nach  der M ethode v o n  S jö -  
STRAND (1956) f ix ie r t. D ie E n tw ässe ru n g  erfo lg te ü b er A ceton  u n d  die E in ­
b e ttu n g  in  V estopal W . Die D ü n n sc h n itte  w urden  m it einem  L K B -U ltro to m  
a n g e fe rtig t. F ü r die e lek tro n en m ik ro sk o p isch en  U n te rsu ch u n g en  w urde  ein 
Zeiss EM  9A verw en d e t.

* M it U n te rs tü tz u n g  de r D eutschen F orschungsgem einschaft.
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Ergebnisse

In  der R egel t r e te n  M ikrogam onten  e tw a  vom  6. T ag  p. i. auf, in seltenen  
F ä lle n  jed o ch  k ö n n en  diese S tad ien  au ch  schon  n ach  e tw a  v ier T agen  b eo b ­
a c h te t  w erden. E ine  D e u tu n g  dieses P h än o m en s s te h t allerd ings noch  aus. 
D ie M ikrogam onten  v o n  E im eria  fa lc ifo rm is  sind  e tw a  ru n d lich  his ovoid u n d  
u n g e fä h r 1 3 ,1 x 9 ,5  fi g roß . B em erkensw ert is t  noch die T a tsach e , d aß  die 
M ik rogam on tengröße  b e i längeren  In fe k tio n sz e ite n  anscheinend  zu n im m t 
(s. T abelle).

Tage p. i. Größe der 
Mikrogamonten

Minimum — Maximum

4,5 9 ,9  X  6,1 /« 6,7-16,0x5,3— 8,0 f i

6 11,2x8,4 f i 8,0—20,0x5,3 — 12,0 f i

7 10,9x8,5 f t 6,7-13,3x5,3-13,3 f i

8 13,1x9,5 f i 6,7 — 18,7 x6,7 —14,7 f i

M essungen v o n  M ik rogam on ten  an  h isto log ischen  S ch n itten . F ix ie ru n g : 
S tiev e ; F ä rb u n g  P A S -A O ; S ch rum pfung  im  V ergleich zum  F r isc h p rä p a ra t 
13— 20% .

Als B egrenzung des M ikrogam onten , in  ju n g em  wie auch  ausgew achse­
nem  Z u stan d , is t  eine E le m e n ta rm e m b ra n  au sg eb ild e t, die die äußere M em ­
b ra n  der ty p isch en  M erozo itenpelliku la  d a rs te llt. A n zahlreichen  S tellen  
t r e te n  die typ isch en  M ikroporen  auf, die als U ltracy to s to m e  im  D ienste  der 
N ah ru n g sau fn ah m e s te h e n  (Abb. 13; S c h o l t y s e c k , M e h l h o r n , 1970; S c h o l - 
t y s e c k , M e h l h o r n , H a m m o n d , 1972).

N ach  den e rs te n  M itosen o rdnen  sich die K erne  an  d er P eripherie  des 
M ik rogam on ten  an  u n d  fü h ren  w eitere T eilungen  du rch . Die N uklei sind von

Abb. 1 — 3. E im eria  fa lc ifo rm is .  E lek tro n en m ik ro sk o p isch e  A ufnahm en . 1, M ikrogam ont m it 
fe rtig en  M ikrogam eten  (N G ) u n d  noch in  de r T eilung  befind lichen  K ernen  (N). X 13 800. 
2, D e r Sp indelpol (N F ) ra g t  zu  dem  im  C y top lasm a lo kalisierten  C entrio len  (CE). Die K e rn ­
m em b ran  b ilde t an  d ieser Stelle  eine E in sen k u n g . X 27 600. 3, Die W irtszellm itochondrien  
(M IH ) liegen u n m itte lb a r  a n  der B egrenzungsm em bran  (L P ) der p arasito p h o ren  V akuole. 
In tra v a k u o lä re  F a lte n  ( IF )  lassen  einen k a m m a rtig en  A sp ek t en ts teh en . X  70 000. A b k ü r­
zu ngen : AM, P o ly sa c ch a rid g ra n a  (A m ylopek tin ); CE, C entrio l; F , Geißel (F lagellum ); HC, 
W irtszelle; IF , In tra v a k u o lä re  F a lte n ; L, L ip id ; LM , B egrenzungsm em bran  des M ikro­
g a m o n te n ; L P , B eg ren zu n g sm em b ran  de r p a ra s ito p h o ren  V akuole; MG, M ikrogam ont; 
M I, M itochondrium ; M IH , M itochondrium  der W irtszelle; M P, M ikropore; MT, M ik ro tu b u li; 
N , N u k leu s; N F , S p in d e lfib rillen ; NG, K ern  des M ik rogam eten ; N H , K ern  der W irtszelle; 
NM , K ern m em b ran ; N U , N ukleo lus; P F , P e rfo ra to riu m ; PV , P ara sito p h o re  V akuole; R F , 
R u d im e n tä re  Geißel; R N , R e s tk e rn ; U F , U -förm ige R in g fa lte ; UM , E lem en ta rm em b ran ; 
W F  I I ,  H ü llb ild u n g sk ö rp er des zw eiten T y p s v o n  M akrogam eten
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e in e r typ ischen  d o p p e lte n  K ern m em b ran  um geben , die zahlreiche K ern p o ren  
a u s s p a r t  (Abb. 1, 2, 4 , 13). Neben g roßen  T eilen  des K ary o p lasm as e rsch e in t 
au c h  noch  ein als N u k leo lu s  an zu sp rech en d er B ezirk  des K ern in n ern  als s ta rk  
osm ioph il (Abb. 1, 2). D ie  K ern te ilungen  lau fen  s te ts  in d er F o rm  der Z w ei­
te ilu n g  ab, w obei die K ern m em b ran en  e rh a lte n  b leiben . Zu B eginn der T e i­
lungsvorgänge e rsch e in en  in tran u k leä re  F ib rillen , die zu einem  S p in d e lap p a ra t 
gehören . In  u n m itte lb a re r  N ähe jed es  Spindelpoles liegen im  C ytop lasm a 
zw ischen  N ukleus u n d  d e r  G am on tenbegrenzung  je  zwei Z en trio len . In  e in i­
gen  F ä llen  ko n n te  b e o b a c h te t w erden, d a ß  d er Spindelpol im  C ytop lasm a lieg t, 
w obei die innere K e rn m e m b ra n  eine g ru b e n a rtig e  E in sen k u n g  au sb ilde t. D ie 
S p indelfib rillen  d u rc h z ie h e n  dabei u n m itte lb a r  die K ern m em b ran  (A bb. 2). 
B ei den h ier a u f tre te n d e n  Z entriolen h a n d e lt  es sich n ic h t u m  die k lassische 
T rip le tt-F o rm a tio n , so n d e rn  9 p eriphere  M ik ro tu b u li um geben  k o n zen trisch  
e inen  zen tra len  M ik ro tu b u lu s . D ieser fe in s tru k tu re lle  A u fb au  der Z en trio len  
lie g t w ohl bei den  m e is te n  Coccidien v o r  (S c h o l t y s e c k , M e h l h o r n , H o p p e , 
1972; S c h o l t y s e c k , M e h l h o r n , H a m m o n d , 1972; M e h l h o r n , S é n a u d , 
S c h o l t y s e c k , 1972).

In  enger rä u m lic h e r  B eziehung zu  den  N ukle i s teh en  zahlreiche M ito- 
ch o n d rien  vom  tu b u lä r e n  Typus (A bb. 1, 2, 4, 13). J e  eines von  ihnen  g e h t 
d a n n  in  den sp ä te ren  M ikrogam eten  ü b e r , w obei es einen P rozeß  der in n eren  
U m s tru k tu r ie ru n g  d u rc h lä u ft (Abb. 5— 8). N eben den M itochondrien  fa llen  
b e i den  M ik rogam on ten  v o n  E . fa lc ifo rm is  v o r  allem  A nhäufungen  des ra u h e n  
en d o p lasm atisch en  R e tik u lu m s (E R ) a u f  (A bb. I ,  13). Diese in der T e ilu n g s­
p h ase  le ich t angeschw ollenen  K an a lsy s tem e  sind  sp ä te r  bei den ausgew ach­
sen en  M ik rogam on ten  verschw unden , w as sich im  A bklingen  der S y n th e se ­
prozesse erk lären  d ü r f te . Als besonderes C h a ra k te ris tik u m  der M ikrogam on­
te n  dieses M äusecoccids sind  die zah lre ich en , h ier g länzend  w eiß erscheinenden  
P o ly sacch arid g ran a  (A m ylopek tin ) u n d  die große A nzah l von  L ip o id tro p fen  
anzu sp rech en  (A bb. 1, 13; AM, L).

Die zw eite S tu fe  d e r M ikrogam ogonie, die D ifferenzierung  der M ik ro ­
g am eten , se tz t bei E . fa lc iform is  im  G egensa tz  zu allen b isher u n te rsu c h te n  
E im e r ia -A rten  n ic h t e r s t  nach A bsch luß  aller K ern te ilu n g en  ein. E s lassen  
sich  näm lich  am g le ichen  M ikrogam onten  schon d ifferenzierte  M ikrogam eten  
u n d  noch in der T e ilu n g  befindliche ra n d s tä n d ig e  N uklei b eo b ach ten  (A bb. 1, 
N , N G). Diese T a tsa c h e  lä ß t sich n u r  d u rc h  einen sukzessiven V erlau f dieses 
Prozesses e rk lä ren , w ä h re n d  sonst j a  die M ikrogam eten  (m it A usnahm e v o n

Abb. 4 —6. E im eria  fa lc ifo rm is. E lek tronenm ikroskop ische  A ufnahm en. 4, Bei der B ild u n g  
d e r M ikrogam eten te i l t  sich  der K ern in e inen  e lek tro n en lich ten  R estn u k leu s (R N ) u n d  in  
d en  osm iophilen G a m e ten k e re n  (NG). X 41 400; 5, L än g ssch n itt d u rch  einen M ikrogam eten , 
d e r sich au f dem  W eg zu e in em  weiblichen G am eten  b e findet. X 27 000: 6, Q u ersch n itt d u rc h  
e in en  M ikrogam eten. E in e  Geißel erw eist sich  als Schleppgeißel (R F ). Die zweite u n d  die 
d r i t te  Geißel (F 2, F 3) s in d  je  zweimal g e tro ffen . X 51 000
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T. gond ii)  m ehr oder w eniger gleichzeitig en ts te h e n  (Sch o l t y se ck , Me h l ­
h o r n , H ammond , 1972; P e l s t e r , P i e k a r s k i , 1971).

D ie A usbildung  d e r M ikrogam eten  b e g in n t m it der S treckung  der an 
der P eripherie  b e fin d lich en  K erne, u n d  so e n ts te h e n  bis zu 5 p lange V orw öl­
bun g en  an  der O b erfläche  des M ikrogam onten . D abei lä u f t in  dem  Teil des 
N uk leu s, der zum  R a n d  des M ikrogam onten  h ingew endet is t, ein V erd ich­
tu n g sp ro zeß  ab (A bb. 4). D er e lek tro n en lich te  Teil v e rb le ib t schließlich im 
R estk ö rp e r, w äh ren d  sich  der osm iophilc Teil a b sc h n ü rt und  zum  N ukleus 
des M ikrogam eten  w ird  (A bb. 4, 8; R N , N G ). An der A bschniirstelle  der M ikro­
g am eten  f in d e t sich s te ts  eine im  L än g ssch n itt u-förm ige R ingfa lte . Sie is t ir  
allen  F ä llen  von  e in er osm iophilen  S ch ich t u n te rle g t (A bb. 4; U F ). Diese 
S tru k tu re n  h aben  o ffen b a r die A ufgabe, ein  zu frühes A breißen  der »Brücke« 
zu v e rh in d e rn , in d em  sie den  Teil v e rs tä rk e n , du rch  den der V erb indungs­
sch lauch  vom  R e s tk e rn  zu m  M ikrogam etenkern  v e rlä u ft. D er eigentliche T re n ­
nungsp rozeß  des M ik rogam eten  vom R e s tk ö rp e r  w ird dad u rch  e ingeleite t, daß  
in dem  V erb in d u n g ss tü ck  ein S p a ltrau m  e n ts te h t , der zum  C ytoplasm a h in  
d u rch  eine E le m e n ta rm e m b ra n  beg renz t is t u n d  du rch  V ergrößerung  sch ließ­
lich  das A breißen  des M ikrogam eten  h e rb e ifü h rt.

W ie bere its  e rw ä h n t, liegen die M ik rogam on ten  von  E . fa lc ifo rm is , die 
schem atisch  in A bb . 13 d a rg este llt s ind , w ie die übrigen  in traze llu lä ren  S tad ien  
in  e in er p a ra s ito p h o re n  V akuole, deren  B egrenzungsm em bran  zur W irtszelle  
h in  ch a rak te ris tisch e  S tru k tu re n  en ts te h e n  lä ß t. So b ild e t näm lich  diese M em ­
b ra n  zahlreiche in tra v a k u o lä re  F a lte n  aus, die wegen ih re r regelm äßigen  
A n o rd n u n g  und  ih res s te ts  etw a gleichen D urchm essers einen k am m artig en  
A sp ek t v e rm itte ln  (A bb . 2, 3, 13). D ich t an  der M em bran  der p a rasito p h o ren  
V akuole  liegen zah lre iche  große M itochondrien  der W irtszelle .

D ie Feinstruktur der M ikrogameten

Die M ik rogam eten  von  E . fa lc ifo rm is  sind  lan g g estreck t u n d  ziem lich 
schm al. Sie e rre ichen  in  der L än g en au sd eh n u n g  e tw a  4— 5 p u n d  m essen an  
ih re r  b re ite s ten  S telle  a u f  H öhe der M ito ch o n d riu m m itte  e tw a  0,75 p im  
D urchm esser, w äh ren d  sie sich zum  H in te ren d e  hin a u f  einen D urchm esser 
von  e tw a 0,3 p v e rjü n g e n  (Abb. 5, 6, 7, 8, 9, 10, 12, 14). In  Q u ersch n itten

Abb. 7— 12. E im eria  fa lc ifo rm is. E lek tro n en m ik ro sk o p isch e  A ufnahm en. 7, L än g ssch n itt 
d u rc h  einen d iffe ren z ie rten  M ikrogam eten. X 35 000; 8, S ch n itt du rch  einen noch m it dem  
M ikrogam onten  v e rb u n d e n e n  M ikrogam eten . X 27  000; 9, Q u ersch n itt du rch  einen M ikro­
g am eten  in  H öhe de r M ito ch o n d riu m m itte  (M I) u n d  drei w eiteren  u n te rh a lb  des M itochon- 
d riu m s. X 54 000; 10, Q u e rsc h n itt durch  den h in te ren  Zellpol eines M ikrogam eten . Drei M ikro­
tu b u li  (MT) sind ge tro ffen . X 80 000; 11, Q u e rsch n itte  du rch  eine in ta k te  Geißel (F ) u n d  
eine ru d im en täre  (R F ). X 82 000; 12, Q u e rsc h n itt du rch  einen M ikrogam eten  am h in te ren  
E n d e  des M itochondrium s (MI). X 66 000
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erscheinen  sie m eh r o d er w eniger d re h ru n d  (A bb. 6, 9, 10, 12, 14). E ine  E le ­
m en ta rm em b ran , die sich  von der B eg ren zu n g sm em b ran  des M ikrogam onten  
h e rle ite t, u m sch ließ t d en  aus N ukleus, M itochondrium  u n d  Geißeln m it B asa l­
k ö rp e rn  bestehenden  M ikrogam eten , d er in  A bb. 14 schem atisch  d a rg este llt is t.

D er lan g g estreck te  Z ellkern v e r le ih t dem  M ikrogam eten  seine G esta lt. 
D er N ukleus w ird  d u rc h  eine ty p isch e  d oppe lte  K e rn m em b ran  b eg ren z t; 
allerd ings sind die b e id en  M em branen  seh r d ich t anein an d erg eleg t, so d aß  kein  
p e rin u k leä re r R au m  e n ts te h t  (A bb. 6, 9). D as K a ry o p la sm a  e rsch e in t fein  
g ran u lie rt und e rw eis t sich  als s ta rk  osm iophil. Z um  V orderende des M ikro­
gam eten  hin v e r lä u f t d e r K ern  fingerfö rm ig  z u g esp itz t. D as M itochondrium  
lieg t in einer K e rn fu rc h e , die allerd ings am  v o rd e ren  u n d  h in te ren  Pol des 
M itochondrium s n ic h t m ehr deu tlich  au sg ep räg t is t (A bb. 6, 9, 12). In  einem  
Prozeß  der in n e ren  U m stru k tu r ie ru n g  is t dieses M itochondrium  aus einem  
ch a rak te ris tisch en  M itochondrium  des M ik ro g am o n ten  hervorgegangen  (A bb. 
1, 13). Als In n e n s tru k tu r  können  beim  M itochondrium  des M ikrogam eten  
6 R eihen  ellipsoider T u b u li b e o b ach te t w erden , die zu je  d reien  gegenüberliegen 
(A bb. 5, 7, 8). D as M itochondrium  s te h t an  der Z ellsp itze  in u n m itte lb a re m  
K o n ta k t m it den  B a sa la p p a ra ten  d e r G eißeln. D iese B asa lap p a ra te , deren  
F e in s tru k tu r  w egen d er O sm iophilie le ich t v erlo ren  g eh t, form en eine als P e r­
fo ra to riu m  beze ichnete  Spitze , die a u f  G ru n d  d er d ad u rch  b ed in g ten  V er­
s te ifu n g  das E in d rin g en  des M ikrogam eten  in das w eibliche S tad ium  e rle ic h te rt.

Die M ik rogam eten  von E . fa lc ifo rm is  besitzen  d re i G eißeln, von denen  
eine ein S tück  als S ch leppgeißel v e r lä u f t  u n d  w esen tlich  k leiner im  Q u er­
sc h n itt  erschein t (A bb. 6, 9, 11). Die beiden  ü b rig en  G eißeln sind schon u n m it­
te lb a r  h in te r  den B a sa la p p a ra te n  frei bew eglich (A bb. 5, 7). Dieses F a k tu m  
e rk lä r t  die S e lten h e it v o n  S ch n ittb ild e rn , a u f  denen  alle drei Geißeln e in d eu tig  
zu verifizieren  sind . A u ß e r diesen dre i G eißeln k o n n te n  zusätzlich  noch e in ­
zelne M ikro tubuli e rm itte l t  w erden, die ih ren  U rsp ru n g  ebenfalls an  der u n m it­
te lb a re n  Zellspitze n eh m en  (A bb. 10, 12). D rei d e ra rtig e  R öhrchen  erw iesen 
sich  als N orm ; d a n eb en  w urden  ab er auch  n u r eins bzw . zwei von  solchen 
E lem en ten , deren  D u rch m esse r m it 180 Â in den  fü r  die m eisten  M ik ro tu b u li 
b e k a n n te n  D im ensionen  lieg t, angetro ffen . Sie v e rlau fen  en tlan g  des M ito ­
chondrium s (M I) u n d  e rs treck en  sich o ffen b ar b is zum  h in te ren  Zellpol (A bb. 
9, 10; MT). M öglicherw eise h an d e lt es sich bei d iesem  M ik ro tubu lisystem  um  
die ru d im en tä ren  R este  e iner v ie rten  G eißel. D er G esam tdurchm esser der G eißel 
b e trä g t  etw a 0,27 p. D ie ru d im en tä re  G eißel v e r jü n g t sich au f e tw a 0,21 p. 
B eide W erte sind  in  A n b e tra c h t des geringen  G am eten d u rch m essers  v o n  ca. 
0,75 p rech t e rheb lich . In  der L än g en au sd eh n u n g  k o n n te  die gesam te G eißel­
länge wegen der B ieg u n g en  im e lek tro n en m ik ro sk o p isch en  Bild n ich t gem essen 
w erden . So w aren  led ig lich  A b sch n itte  von  m ax im al 5— 6 p zu b eo b ach ten ; 
aus lich tm ik ro sk o p isch en  A nalysen geh t jed o ch  h e rv o r, daß  die G eißellänge 
be i e tw a 10— 14 p lieg t.
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Abb. 13. E im eria  fa lc ifo rm is. Schem atische  D arstellung  eines M ikrogam onten
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A bb. 14. E im eria  fa lc ifo rm is . Schem atische D arste llu n g  eines M ikrogam eten in Längs- und
Q u ersch n itt
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Diskussion

U ber den P ro zeß  d er M ik rogam etenen tw ick lung  b e i Coccidien liegen n u r 
w enige e lek tronenm ik roskop ische  U n tersu ch u n g en  v o r (S c h o l t y s e c k , 1965; 
G a r n h a m , B i r d , B a k e r , 1967; B r a d b u r y , T r ä g e r , 1968; H a m m o n d , 
S c h o l t y s e c k , Ch o b o t a r , 1969; S c h o l t y s e c k , M e h l h o r n , H a m m o n d , 1972). 
E inige w eitere A u to ren  b esch äftig ten  sich m it d er M ikrom orphologie der m ä n n ­
lichen  G am eten  der C occidien (Ch e i s s i n , 1965; B a r d e l e , 1966; M cL a r e n , 
1969; S n i g i r e v s k a y a , 1969; A i k a w a , H u f f , St r o m , 1970; D e s s e r , 1970; 
P o r c h e t - H e n n e r é , 1970; Co l l e y , Z a m a n , 1970; P e l s t e r , P i e k a r s k i , 1971).

D ie einzelnen E n tw ick lu n g ssch ritte  der M ik rogam eten  eines M ikrogam on- 
te n  von  E . fa lc ifo rm is  v e rlau fen  n ich t s im u ltan , wie es fü r  die b isher u n te r ­
su ch ten  Eirneria-A rten  e rm itte lt w erden k o n n te  (S c h o l t y s e c k , 1965; S c h o l ­
t y s e c k , M e h l h o r n , H a m m o n d , 1972). D er D ifferenzierungsprozeß  einzelner 
M ikrogam eten  eines G am o n ten  b eg in n t näm lich  h ie r n ic h t e rs t n ach  A bschluß 
aller K ern te ilu n g en . So f in d e t m an in  einem  G am o n ten  n eb en  d iffe renz ierten  
M ikrogam eten  noch  sich  te ilende  M ik rogam on tenkerne , eine B eo b ach tu n g , die 
auch  schon fü r die M ik rogam eten en tw ick lu n g  von  Toxoplasm a gondii beschrie­
ben w urde  ( P e l s t e r , P i e k a r s k i , 1971). D er A b lau f d er M ik ro g am eten en t­
w icklung  e n tsp ric h t je d o c h  den V erhältn issen , wie sie von  den b ish er u n te r ­
su ch ten  E im eria -A rte n  h e r  b e k a n n t sind , bei denen  die A b sch n ü ru n g  eines 
»R estkerns« ein c h a ra k te ris tisch e s  P hän o m en  d a rs te llt.

Bei den K e rn te ilu n g e n  der M ikrogam onten  von  E . fa lc ifo rm is  lä ß t  sich 
b eo b ach ten , daß  die in tra n u k le ä re  Spindel in  den  cy to p la sm a tisch en  R au m  
zu den  d o rt lo k a lis ie rten  C entrio len  h inzieh t. Diese T a tsa c h e  u n d  das geleg en t­
liche A u ftre ten  von  cen trio lenähn lichen  S tru k tu re n  im  K ern in n e ren  sind  ein 
S c h r it t  zur K lä ru n g  des Z usam m enspiels von  C entrio len  u n d  Spindel bei den 
d y n am isch en  V orgängen  w ährend  der K ern te ilu n g  (M e h l h o r n , S é n a u d , 
S c h o l t y s e c k . 1972). D ie K ern te ilungen  erfolgen w ohl u n te r  d er steu e rn d en  
W irk u n g  d er C en trio len , die zu P aa ren  an den S p indelpolen  im  C ytoplasm a 
liegen. W ährend  des g esam ten  K ern te ilungsprozesses b le ib t die c h a ra k te ri­
stische  K ern b eg ren zu n g  e rh a lten . Bei einigen H äm osporid ien  und  hei den 
m eisten  M etazoen d agegen  w erden die K ern m em b ran en  w äh ren d  des T eilungs­
prozesses aufgelöst ( B r a d b u r y , T r ä g e r , 1968).

B esonders zah lre ich  sind  in den M ikrogam onten  von  E . fa lc ifo rm is  Po ly- 
sacch arid g ran a , die n a c h  der h ier angew endeten  T ech n ik  leu ch ten d  weiß 
erscheinen . Die M ik ro g am eten  von E . fa lc ifo rm is  e n tsp rech en  in  ih ren  A us­
m aßen  und  ihrem  F e in b a u  den  M ikrogam eten der b ish er u n te rsu c h te n  E im eria- 
A rten  (S c h o l t y s e c k , M e i i l h o r n , H a m m o n d , 1972). Sie besitzen  3 G eißeln, 
von denen  eine ein k u rzes  S tück  als Schleppgeißel v e r lä u f t, bald  endet u n d  
an d iesem  E nde eine d e fo rm ie rte  S tru k tu r  im  Q u e rsch n itt au fw eist. E ine d e r­
a rtig e  D reigeißeligkeit k o n n te  b isher e lek tro n en m ik ro sk o p isch  fü r E . per-

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



72 SCHOLTYSECK u. Mitarb.

fo ra n s , E . tenella, E . nieschulzi, E . m a x im a , E . auburnensis  u n d  Aggregata 
eberthi sowie lich tm ik ro sk o p isch  fü r  E . conforta e rm itte lt  w erden  (S c h o l t y - 
s e c k , 1965; Co l l e y , 1967; M cL a r e n , 1969; H a m m o n d , S c h o l t y s e c k , Ch o b o - 
t a r , 1969; H e l l e r , 1970; M e h l h o r n , 1972). E in  so lcher B efu n d  ist n u r  m it 
se h r  zahlreichen P a ra lle lsc h n itte n  e in d eu tig  zu verifiz ieren , so d aß  zu e rw arten  
s te h t ,  daß  auch bei w e ite ren  A rten  und  bei Toxoplasm a gond ii eine derartige  
F e in s tru k tu r  b e s tä tig t  w erd en  k a n n . N eben  diesen G eißeln tr e te n  bei E . fa lc i­
fo r m is  noch in der R egel 3 einzelne M ik ro tu b u li in  E rsch e in u n g , die ru d im en ­
tä r e  R este  einer v ie rte n  G eißel d a rs te llen  k ö n n ten . Sie w u rd en  auch  in  der E in- 
b zw . Zw eizahl an g e tro ffen . V erg le ichbare  M ik ro tubu li w u rd en  schon bei E . 
auburnensis, E . m a xim a , E . in testina lis  u n d  Toxoplasm a gond ii beschrieben  
( H a m m o n d , S c h o l t y s e c k , Ch o b o t a r , 1969; Ch e i s s i n , 1965; P e l s t e r , P i e - 
k a r s k i , 1971; M e h l h o r n , 1972).

D as M itochondrium  d er M ik rogam eten  von  E . fa lc ifo rm is  lieg t in  einer 
K e rn g ru b e , ein B efund , d e r b ish er led ig lich  bei E. perforons  an zu tre ffen  w ar 
(S c h o l t y s e c k , 1965). Als In n e n s tru k tu r  ließen sich 6 R eihen  ellipso ider T ubu li 
e rm itte ln . H ierin  b e s te h e n  o ffen b ar A rtu n te rsch ied e  in n e rh a lb  der G a ttu n g  
E im e r ia  (Sc h o l t y s e c k , M e h l h o r n , H a m m o n d , 1972).

E ine besonders w ich tige  V erän d eru n g  der W irtszelle  w ird  d u rch  die vom  
P a ra s i te n  induzierte  B ild u n g  d er p a ra s ito p h o ren  V akuole  vollzogen. B eson­
d eres  C h a rak te ris tik u m  sind  h ie r zah lre iche  in trav a ltu o lä re  F a lte n , die wegen 
ih re r  gleichen L änge, ih re r  großen  A nzah l und  ihres gleichen D urchm essers 
e in en  kam m artig en  A sp ek t v e rm itte ln . Sie stehen  o ffenbar ebenso  wie die zah l­
re ic h e n  W irtsze llm ito ch o n d rien , die u n m itte lb a r  an  d er B egrenzungsm em ­
b ra n  d er p a ras ito p h o ren  V akuole  lok a lis ie rt sind , in engem  Z usam m enhang  
m it  dem  S to fftran sp o rt zw ischen P a ra s i t  u n d  W irtszelle . D as Schicksal der 
W irtsze lle , also die P a th o lo g ie  dieses in traze llu lä ren  P a ra s ite n , soll e iner sp ä ­
te re n  P u b lik a tio n  V orbehalten  b leiben .

Z U SA M M E N FA SSU N G

Die F e in s tru k tu r  d e r M ikro g am o n ten  u n d  M ikrogam eten  des M äusecoccids E im eria  
fa lc i fo r m is  aus dem  D ick d arm ep ith e l k ü n s tlic h  in fiz ierter L ab o rm äu se  w urde u n te rsu ch t, 
b e sch rieb en  und darg este llt. D ab ei ließ sich au ch  der A b lau f de r M ikrogam etend ifferenzierung  
in  a llen  P hasen  rek o n stru ie ren .

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



ELEK TR O N E N M IK R O SK O PISC H E UNTERSUCHUNGEN 73

L IT E R A T U R

A ik a w a , M., H u f f , C. G. u n d  Str o m e , C. P . A .: J .  U ltra s tr . R es. 32 (1970), 43 — 68. 
B a r d e l e , C. F .: Z. Zellforsch. 74  (1966), 559 — 595. B r a d b u r y , P . C. u n d  T r ä g e r , W .: J .  
P ro to zo o l. 15 (1968), 700 — 712. Ch e is s in , E . M.: A c ta  P rotozool. 2 (1965), 215 — 224. Co l l e y ,
F . C.: J .  P rotozool. 14  (1967), 663 — 674. Co l l e y , F . C. u n d  Za m an , Y .: S o u th e as t As. J .  
T ro p . Med. Puhl. H lth . 1 (1970), 465 — 480. D e s s e r , S. S.: C anad. J .  Zool. 48  (1970), 647 — 
649. Ga rnh a m , P . C. C., B ir d , R . G. u n d  B a k e r , J .  R .: T rans. R oy. Soc. T rop . Med. H yg. 
61 (1967), 5 8 - 6 8 .  H a b e r k o r n , A.: Z. P a ra s ite n k . 34  (1970), 4 9 - 6 7 .  I d e m : Ib id em  37  (1971), 
303 — 314. H am m ond , D . M., S ch o l ty se c k , E . u n d  Ch obo ta r , B .: Z. P a ra s ite n k . 33 (1969), 
65 — 84. H e l l e r , G.: Z. P a ra s ite n k . 33 (1970), 183 —193. McL a r e n , D. J . :  P a ra s ito lo g y  59  
(1969), 563 — 574. Me h l h o r n , H .: Z. P a ra s ite n k . 4 0  (1972), 243— 260. Me h l h o r n , H ., 
Sé n a u d , J .  u n d  Sc h o l ty se c k , E .: C. R . A cad . Sei. Series D (1973). P e l s t e h , B. an d  P i e - 
k a r s k i, G.: Z. P a ra s ite n k . 37 (1971), 267 — 277. P e l l é r d y , L ., H a b e r k o r n , A ., Me h l h o r n , 
H . u n d  Sch o lty seck , E .: A c ta  v e t. hu n g . 21 (1971), 433 — 443. P o r c h e t-H e n n e r é , E .: 
A rch . P ro tis ten k . 112 (1970), 21 — 29. R y l e y , J .  F ., B e n t l e y , M., Ma n n e r s , D. J .  u n d  
St a r k , J .  R .: J .  P á rá s ító i. 55 (1969), 839 — 845. Sch o lty seck , E .: Z. Zellforsch. 66 (1965), 
625 — 642. Sch o lty seck , E . u n d  Me h l h o r n , H .: Z. P a ra s iten k . 34 (1970), 97 — 127. S ch o lty ­
s e c k , E ., Meh lh o r n , H . u n d  H a b e r k o r n , A.: Z. P a ra s iten k . 37 (1971), 4 4 —55. Sch o lty ­
s e c k , E ., Meh lh o r n , H . u n d  H a m m o nd , D . M.: Z. P a ra s iten k . 38 (1972), 95 — 131. Sch o lty ­
s e c k , E .,  Me h l h o r n , H . u n d  H o p p e , G.: Z. P a ra s ite n k . (1973). Sjö s t r a n d , F . S.: In : A. W . 
P o l l is t e r : Physica l te c h n iq u es  in  biological re sea rch . New Y ork , 1956. S n ig ir e v s k a y a , 
E . S.: A c ta  P ro tozool. 11 (1969), 382 — 385.

D ie A n schrift de r V erfasse r: P rof. D r. E rich  Sch o lty seck , D r. H einz M e h l h o r n , 53 
B onn , P o p pelsdorfer Schloss; D r. A xel H a b e r h o r n , B ayer AG. W u p p erta l-E lb e rfe ld , B R D ; 
D r. L ászló  P e l l é r d y , 1071 B u d a p es t, D am jan ich  u. 56, U ngarn .

Acta Veterinaria Acadcmiae Scientiarum Hungaricae 23, 1973





A cta  Veterinaria Academ iae Scientiarum  H ungaricae , Tom us 23 (1 ) ,  p p . 75— 82 (1973)

IMMUNOLOGICAL INVESTIGATIONS 
INTO THE CAUSES OF ASPECIFIC ABR-REACTIONS

By

Z. K iss

C entra l V e te rin a ry  In s ti tu te  (D irec to r: T . K á d á r ), B u d ap est 

(R eceived Ju ly  28, 1972)

T he A B R  te s t is now  com m only ap p lied  in  H u n g a ry  (as elsew here) as 
a ro u tin e  p ro ced u re  for th e  screening of c a tt le  h e rd s  for b rucellosis. In  th e  
course of screening  it is n o t unusu a l to  o b ta in  p o sitiv e  reac tio n s w hen  b ru c e l­
losis can  be excluded  w ith  c e r ta in ty  on th e  basis  o f th e  h e rd ’s clinical h is to ry , 
epizooto logical s ta tu s  and m ultip le  serological ex am in a tio n s .

Such aspecific , fa lse-positive  reactions in th e  A B R  te s t  have  been  th e  su b je c t o f  a 
n u m b er o f in v estig a tio n s. H a jd ú  (1964) who w as th e  f ir s t  to  exam ine th e  p h en o m en o n  
a ttr ib u te d  th e  reac tio n s  to  an  increase of m ac ro m o lecu la r su b s tan ces in  th e  m ilk  o r  to  loss 
o f s ta b ili ty  of th e  a n tig en  suspension. Gu th y  e t al. (1969) im p lica ted  physical and  chem ical 
changes assoc ia ted  w ith  th e  increase  of globulin. E arlie r , Ge r g e l y  e t al. (1966) h a d  observed  
th a t  serum  p ro te in s an d  above all im m unoglobulins h av e  a s t ro n g  b ind ing  a ffin ity  to  e ry th ro ­
cy tes an d  claim ed la te r  (1967, 1969) th a t  exclusively  t h e  p a p a in e -re s is ta n t IgG  m olecules 
are capab le  o f aspecific  co m b in a tio n  w ith  these cells. H ow ever, ab so rp tio n  of th is  k in d  was 
d e m o n s tra ted  b y  K á v a i, Csaba  an d  K esztyűs (1968) to  tak e  place n o t o n ly  on th e  surface  
of th e  e ry th ro c y te , b u t  on an y  k in d  of cell, cy to p h ilia  be ing  a general ch ar ac teris tic  o f glo­
bu lins. To p re v en t aspecific  Á B R  reactions, H il l  a n d  Cr em er s  (1967) as well as H olm es 
(1967) suggested  th e  d ilu tio n  o f m ilk  sam ples, while K ö r m e n d y  (1970) recom m ended  th a t  
co m p lem en ta ry  te s ts  should  be conducted . A ccording to  S c h e ib n e r  (1967), n a tu ra l ac id ifica­
tio n  in h ib its  ra th e r  th a n  enhance  a p ositive  A B R  re a c tio n , w hence i t  can  by  no m eans be 
held  responsib le  for aspecific reac tions.

In  th is  la b o ra to ry , an  im m unological ap p ro a c h  to  th e  p rob lem  was 
a tte m p te d  b y  im m unod iffu sion  and  im m u n o e lec tro p h o re tic  analysis o f the  
g lobu lin  classes p re se n t in m ilk  of positive an d  n eg a tiv e  reac to rs  to  th e  A B R  
te s t . T he m ethodo log ica l an d  o ther in fo rm atio n  req u ired  for th e  perfo rm ance 
o f th e  ex p erim en ts  w as derived  from  F e i n s t e i n  an d  H o b a r t  (1969), G ötz  
an d  H e i n e b r o d t  (1969), H a m m e r  e t al. (1968), K i c k h ö f e n  e t al. (1968) 
N y i r e d i  and  T u b o l y  (1968), P an  et al. (1968), P e n h a l e  and  C h r i s t i e  (1969), 
P o r t e r  (1969), S c h e i b n e r  (1967).

Material and m ethods

T he sets o f sam ples exam ined  could be d iv id ed  in to  th ree  categories:
a ) A B R -n eg a tiv e  m ilk  and  blood sam ples from  a h e rd  free from  b ru ce l­

losis an d  m as titis ;
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b)  M ilk and  blood sam ples from  a b rucellosis-in fected  herd ;
c)  A B R -positive  m ilk  sam ples from  eigh t herds free from  brucellosis 

(A B R -p o s itiv ity  f lu c tu a te d  be tw een  2 an d  8% ).
A p a r t  from  th e  A B R  te s t ,  all m ilk  an d  blood  sam ples w ere su b je c te d  

to  a g g lu tin a tio n , com plem en t f ix a tio n  an d  C oom bs’ te s ts  an d  e v a lu a te d  th e  
ro u tin e  score system s. The m a jo rity  o f th e  m ilk  sam ples re ta in e d  an  an ti- 
co m p lem en ta ry  effect a f te r  in a c tiv a tio n  a t 60— 64 °C.

Im m un o elec tro p h o resis  an d  im m unod iffu sion  w ere perfo rm e d on 2%  
ag a r gel sp read  on p la tes  9 x 6  cm  or 7.5 X 2.5 cm in size. The f lu id  (w hey) 
p h ase  o f th e  m ilk  was co llected  a f te r  coag u la tio n  of th e  sam ple w ith  re n n e t 
p o w d er d issolved in saline. W ells 7 an d  4 m m  in d iam e te r Mere p u n c h e d  in to  
th e  ag a r lay e r for th e  M7hey  sam ples. R a b b it an ti-b o v in e  im m unog lobu lin  
se ru m  an d  an ti-bov ine  IgG  seru m  w ere em ployed  as im m une sera  (H U M A N , 
B u d a p e s t) . Im m u noelec trophoresis  ru n s  Mere carried  ou t in a sem i-m icro  
p a p e r  e lectrophoresis a p p a ra tu s  (LM M ), using  a p H  8.6 v ero n a l b u ffe r so lu tion  
of 0.025 ionic s tren g th . The ru n n in g  tim e  w as 2— 2.5 hours.

Results

R a d ia l double im m unod iffu sion  analysis of A B R -nega tive  Mrh ey  sam ple 
from  brucellosis-free herds a g a in s t an ti-b o v in e  im m unoglobu lin  serum  re su lted  
in  m o st cases in th e  fo rm a tio n  o f  a single sh a rp  m edium -dense, паггомг p re ­
c ip ita tio n  line betw een  th e  m ilk -co n ta in in g  an d  se ru m -co n ta in in g  w ells; an 
in d is tin c t second arch  o f low  d e n s ity  also ap p eared  in ab o u t h a lf  th e  cases 
(F ig . 1). R eactions of all these  sam ples in ag g lu tin a tio n . Coom bs’ and  com ple­
m e n t-f ix a tio n  te s ts  were n eg a tiv e  or could  no t be e v a lu a ted  on acco u n t of 
a n ti-c o m p le m e n ta ry  effect.

A B R -positive  м-hey sam ples from  know n brucellosis-in fected  h e rd s  p ro ­
duced  b ro ad , w ell-delineated , co n flu en t, h ig h -d en sity  p re c ip ita tio n  arches 
close b y  —  some even to u ch in g  —  th e  an tise ru m  well. In  m ost cases th e re  
w as also a sharp , narrow  h ig h -d en sity  second a rch  (F ig. 2). N early  all the  
sam p les  (94.6% ) reac ted  p o sitiv e ly  in  th e  ag g lu tin a tio n , C oom bs’ an d  co m p le ­
m e n t f ix a tio n  te s ts  as well.

A B R -positive  m ilk  sam ples from  th e  eigh t serologically  checked  b ru c e l­
losis-free herds form ed sh a rp , b ro a d , h ig h -d en sity  p re c ip ita tio n  a rches near 
th e  a n tise ru m  well; th e  n a rro w , h ig h -d en sity  second arch  м-as often  doub led  
(F ig . 3). All sam ples reac ted  n eg a tiv e ly  in ag g lu tin a tio n , com plem en t f ix a tio n  
an d  C oom bs’ te s ts .

T he q u a n tita tiv e  re la tio n sh ip s  of im m unoglobu lins in th e  th re e  c a te ­
gories o f sam ples can be c learly  seen from  th e  im m unodiffusion  p a tte rn s  p re ­
se n te d  in  Figs 4, 5 and  6. In  each  case th e  u p p e r row o f wells co n ta in ed  ra b b it
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anti-bovine globulin serum , while the lower wells held the undiluted milk and 
dilutions o f 1 : 1, 1 : 2  and 1 : 4. The im m unodiffusion pattern of the series 
clearly shows th at the quantity  of im m unoglobulins was much higher in the

Fig. 1. Im m unod iffusion  of A B R -negative  w hey sam ples versus an ti-bov ine  g lobulin  serum , 
Sym bols used: N W , A B R -n eg a tiv e  w hey; P W , A B R -p o s itiv e  w hey; A P W , aspecific A B R - 

positive  w hey ; P A I, polyspecific  an ti-im m u n o g lo b u lin ; BS, bovine serum

Fig. 2. Im m u n o d iffu sio n  of A B R -positive  w hey sam ples versus an ti-b o v in e  g lobulin  serum

A B R -positive and especially in the aspecific series, than in the A BR -negative  
sam ples.

Comparative runs were performed to  determ ine whether the precipita­
tion lines obtained by radial double diffusion were identical, just related or
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F ig. 3. Im m unod iffusion  of aspecific  A B R -p o sitiv e  w hey  sam ples versus an ti-bov ine  g lobulin  
serum . One well was le f t e m p ty  be tw een  w hey  sam ples o f d ifferen t origin

Fig. 4. Im m unod iffusion  of serial d ilu tio n s of A B R -negative  w hey sam ple

F ig . 5. Im m unod iffusion  of serial d ilu tio n s o f A B R -positive  w hey sam ple

Fig. 6. Im m unod iffusion  of serial d ilu tions of an  aspecific  A B R -positive  whey sam ple  ve rsu s
an ti-b o v in e  g lobulin  serum
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u n re la ted . Fig. 7 show s th e  re su lts  o f such runs w ith  A B R -positive  an d  A B R - 
n eg a tiv e  sam ples and  o f tw o  A B R -positive  sam ples, u sing  ra b b it an ti-bov ine  
im m unoglobu lin  serum . A B R -p o sitiv e  an d  negative  sam ples w ere sim ilarly  
com pared  w ith  an  aspecific  A B R -positive  sam ple (F ig . 8). The diffusion p a t ­
te rn s  d em o n stra te  th a t  b o th  specific and aspecific positive  reac tio n s are 
re la te d  to  an  increase o f one an d  th e  sam e class o f im m unog lobu lin . The 
im m unoglobu lin  co m p o n en t of th e  A B R -negative  m ilk  sam ples re a c te d  w ith  
th a t  o f th e  positive sam ple  as a re la ted  globulin.

F igs  7— 8. C om para tive  im m u n o d iffu sio n  analysis o f A B R -negative  a n d  specific an d  aspecific
.\B R -p o s itiv e  w hey sam ples

A B R -n eg a tiv e  as well as specific an d  aspecific A B R -p o sitiv e  m ilk  sam ples 
w ere fu r th e r  an a ly z e d  b y  Im m unoelectrophoresis . In  o rd e r to  id en tify  the  
im m u n o g lo b u lin s , pooled b o v in e  serum  o rig ina ting  from  sev era l an im als was 
co m p ared  w ith  A B R -p o sitiv e  (F ig . 9) an d  A B R -n eg a tiv e  (F ig . 10) m ilk sam ples. 
In  a n o th e r  series, A B R -p o sitiv e  and  -negative  m ilk w as ru n  s im u lta n e o u s ly  
w ith  pooled bovine serum  (F ig . 11) an d  f in a lly  several aspec ific  A B R -positive  
m ilk  sam ples w ere co m p ared  (F ig . 12).

On th e  b as is  o f e lec tro p h o re tic  m o b ility , IgM  an d  Ig G j as w ell as an 
a d d itio n a l IgG  im m u n g lo b u lin  —  p ro b ab ly  IgGs —  could  be easily  iden tified  
in  th e  m ilk sam p les . U nlike  th e  sh a rp , very  narrow  arches given b y  A B R - 
n eg a tiv e  sam ples, th e  b ro ad  double arches of specific an d  aspecific  positive 
sam p les  are c h a ra c te r is tic a lly  d iv ided  in to  IgGj^ an d  IgM . D ouble IgG  or 
IgM  arches w ere n o t in fre q u e n tly  seen w ith  th e  aspecific  A B R -p o sitiv e  m ilk 
sam ples (F ig. 12).
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b ig s 9 — 12. C o m para tive  im m u n o e lec tro p h o re tic  analysis of bovine se ru m  w ith  A B R -n eg a tiv e  
and A B R -p o sitiv e  (specific an d  aspecific) w hey  sam ples

D iscussion

T he q u a n tita tiv e  re la tio n s o f im m unoglobu lins in  A B R -n eg a tiv e  an d  
specific or aspecific A B R -positive  m ilk  sam ples are read ily  analysed  b y  im m u ­
nod iffu sion  and im m unoelec tropboresis . T he im m unoglobu lin  c o n te n t o f the  
n eg a tiv e  sam ples w as genera lly  found  to  be low, consisting  ch iefly  o f IgG , 
th o u g h  a few  sam ples co n ta ined  IgM  as well. C o m para tive  im m unod iffu sion  
in d ica ted  th a t  th is  IgG  com ponen t is re la te d  to , b u t  n o t id en tica l w ith  IgG j, 
w hence i t  has been classified  as IgG s. T he b u lk  of th e  im m unog lobu lin  com ­
p o n e n t o f  m ost positive  m ilk sam ples w as also IgG , m ore p recisely  Ig G 15 an d  
IgM  w as in v a ria b ly  p re sen t. The com position  of im m unog lobu lin  from  aspecific  
A B R -p o sitiv e  m ilk sam ples was sim ilar, th o u g h  th e  q u a n titie s  o f b o th  Ig G t 
and  IgM  w ere as a ru le  g re a te r  an d  in  som e cases th e  tw o  k inds o f im m u n o ­
g lobulin  fo rm ed  a doub le  p re c ip ita tio n  arch .

T he Ig G  associa ted  w ith  aspecific  A B R -p o sitiv e  reac tio n s o f m ilk  is 
th e re fo re  p ro b ab ly  not specific itse lf, an d  so its co m b in a tio n  w ith  the  an tig en  
can n o t be specific, e ith e r . The reac tio n  is m ost likely  due to  th e  a d so rp tio n  
of non-specific  im m unoglobu lin  com plexes on to  th e  lip id  g lobules o f m ilk. 
This p o ss ib ility  should  also be ta k e n  in to  con sid era tio n  in those  cases in  w hich 
no a b n o rm a lity  can be d e tec ted  b y  o rgano lep tic  ex am in a tio n  of th e  m ilk. 
A nalysis o f  th e  lactic  im m unog lobu lin s in  co n ju n c tio n  w ith  a p p ro p ria te  se ro ­
logical te s ts  seem s —  from  these  re su lts  — to  be a su itab le  m eth o d  for th e  
detec tio n  o f  aspecific A B R -reac tions.
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SU M M A RY

Im m un d iffu sio n  a n d  im m u n o e lec tro p h o re tic  analysis of th e  w hey  of A B R -te sted  
m ilk  sam ples d e m o n s tra ted  th e  presence of th ree  k in d s  o f im m unog lobu lin  ag a in st ra b b it  
an ti-b o v in e  Ig serum . A B R -n eg a tiv e  sam ples co n ta in ed  a re la tiv e ly  sm all a m o u n t of an  
IgG  co m p o n en t qualified  as IgG s, and in freq u en tly  IgM . Specifically  and  aspecifically  re a c t­
ing A B R -p o sitiv e  sam ples co n ta in ed  a m uch  g re a te r  q u a n ti ty  of IgG s a n d  o ften  IgG t and  
IgM  as well. T hus a po sitiv e  A B R  reac tio n  was asso c ia ted  w ith  a q u a n tita tiv e  increase of 
im m u n o g lo b u lin , especially  if  th e  reac tion  was aspecific. A n tibod ies s tim u la te d  by  th e  specific 
a n tig en  form  specific b o n d s w ith  the  hom ologous an tig en , b u t th ere  is reason  to  suppose th a t  
a rise o f im m unoglobulin  level evoked by  non-specific  s tim u li resu lts in a d ifferen t b in d in g  
th a t  is responsible for aspecific  A B R  reactions. A ccord ing ly , in  those cases in  w hich positive  
A B R  te s ts  seem  d o u b tfu l on  th e  basis of clinical h e rd  h is to ry  an d  epizootological considera­
tio n s , th e  serological te s ts  sh o u ld  be carried  o u t n o t on ly  w ith  blood, b u t  also w ith  w hey  
sam ples, to  o b ta in  ev idence of th e  brucellosis s ta tu s .
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ACTA V E T E R IN A R IA

TOM 23 — ВЫП. 1 

РЕЗЮМЕ

НАБЛЮДЕНИЯ ПО ИММУНИЗАЦИИ ПЛОДА В СВЯЗИ С ВАКЦИНИРОВАНИЕМ 
КОРОВ ПРОТИВ ВИРУСНОГО ПОНОСА КРУПНОГО РОГАТОГО СКОТА

ВАКЦИНОЙ ВЕДЕВАК
К. БОГНАР

В хозяйстве, неблагополучном по вирусному поносу крупного рогатого скота, 
автором вакцинирована живой вирус содержащей вакциной на 5—8-ом месяце беремен­
ности 31 корова раз, 71 корова же с промежутком времени в один месяц дважды.

В день отела от 72 коров взяты образцы крови и молозива, от родившихся же телят 
образцы крови до первого сосания и на 3 —10-ом днях жизни с тем, чтобы изучить их в 
пробе нейтрализации вируса.

У коров после вакцинации отклонения от нормы не наблюдались, абортов не было, 
их телята родились здоровыми.

В сыворотке 37% коров в день вакцинации обнаруживались антитела.
Сыворотка и молозиво восприимчивых, вакцинированных коров в день отела содер­

жали антитела при титре 1 : 869—1 : 1426 и 1 : 10000 соответственно.
Сыворотка и молозиво коров, содержащие в момент отела антитела, нейтрализиро- 

вали вирус при разбавлении 1 : 236 и 1 : 2509 соответственно — после разовой и при раз­
бавлении 1 : 1190 и 1 : 15 565 соответственно — после двухкратной прививки матерей.

В сыворотке телят от 48, в момент прививки восприимчивых коров в 34 случаях 
(70,8%) обнаружены антитела; в сыворотке же 14 телят (29,2%) антитела появились толь­
ко после сосания молозива. Титр антител в сыворотке телят, родившихся иммунными, в 
случае разовой и двухкратной прививки их матерей равнялся 1 : 1231 и 1 : 4046 соответ­
ственно.

В сыворотке телят, родившихся от 24 коров, обладающих уже в момент прививки 
антителами, до первого сосания антител не обнаружено; они появились только после 
сосания молозива и их титр к 3—4-ому дню равнялся 1 : 115—1 : 265.

Уровень активных антител у телят к 7-ому месяцу жизни равнялся 1:218— 1 : 2560, 
тогда как поступившие в организм животных антитела с молозивом к 3—4-ому месяцам 
жизни уже не удавалось выявить или они обнаруживались только в следах (1 : 4).

На основании своих наблюдений автор приходит к заключению, согласно которому 
вирус вакцины может попасть в плод и вызвать в нем образование антител. Это явление 
автор называет внутриутробной активной иммунизацией. Если в сыворотке коровы цир­
кулируют антитела, то вирус наверно не попадает в плод. Автор в неблагополучных по 
данной заразе хозяйствах рекомендует дважды прививать коров на 7-ом и 8-ом месяцах 
беременности, ибо таким образом можно наилучше профилактировать урон, наносимый 
ею. Вакцинированные восприимчивые коровы будут рождать телят, большинство кото­
рых уже в момент рода обладает иммунитетом. Телята же невосприимчивых привитых 
коров таким образом будут получать молозиво с высоким уровнем антител.

VI. ИЗОЛИРОВАНИЕ СПЕЦИФИЧЕСКИХ АНТИТЕЛ ИЗ СЫВОРОТКИ 
ИНВАЗИРОВАННЫХ С. PISIFORMIS КРОЛИКОВ

И. НЕМЕТ

Из сыворотки искусственно инвазированных С. pisiformis кроликов удалось изоли­
ровать выявимые антитела в иммунохимически чистом виде. Для этой цели использован 
иммуноадсорбент, полученный превращением при помощи глутаральдегида антигенов



кислото-растворимой фракции сырого экстракта инвазионных цистицерков в нераство­
римые.

Превалируют глобулины типа IgO. Но препараты антител из сыворотки реинва- 
зированных животных кроме этого содержали и иммуноглобулины IgM. Других компо­
нентов поливалентной анти-кролик иммунной сыворотки не удалось выявить ни иммуно- 
электрофоретическим, ни иммунодиффузионным анализами.

При разных методах получения антител 54—96% сывороточного иммуноглобулина 
удалось изолировать. Результаты проб агар-жель-диффузионной преципитации и инди- 
ректной гемагглютинации показали, что полученные из сыворотки чистые антитела не 
потеряли способности специфической связи к антигенам.

ФЕТАЛЬНОЕ ЗАБОЛЕВАНИЕ, ВЫЗВАННОЕ СВИНЫМИ ЭНТЕРОВИРУСАМИ 

ОБНАРУЖИВАМОСТЬ БОЛЕЗНИ СМЕДИ В ВЕНГРИИ
Я. ВЕНЕДА, Я. МЕСАРОШ и Й. РАЙБЛИНГ

В двух крупнохозяйственных племенных свинопоголовьях при традиционном и 
интенсивном содержании животных за период двух лет наблюдали за болезнью свинома­
ток, вызывающей перебои в размножении и гибель плодов.

Первое поголовье было благополучным по бруцеллезу и лептоспирозу, второе было 
неблагополучным по лептоспирозу, но симптомы заболевания не напоминали лептоспи- 
роз. В обоих поголовьях повторяющаяся охота и ненаступление оплодотворения были час­
тым явлением. Среди родившихся здоровыми поросят было очень много нежизнеспособ­
ных животных и мумифицированных плодов, что было причиной существенного умень­
шения пометов. Чувствительность плодов к заразному началу была наибольшей, в период 
первых 30 дней внутриутробной жизни, хотя плоды могут пострадать от заразы в любую 
пору внутриутробной жизни, в зависимости от момента заражения. Вирус, позже иденти­
фицированный как свиной аденовирус, удалось изолировать из плодов, погибших непо­
средственно перед родом, из плодовых оболочек, из органов нежизнеспособных поросят. 
На основании клиники и вирусологических исследований патологическое состояние было 
определено идентичным болезни СМЕДИ (Stillbirth, Mumification, Embryonic Death- and 
Infertility — SMEDI — disease), зарегистрированной первый раз в США Дан с сотрудни­
ками в 1965 г.

ЭЛЕКТРОННО-МИКРОСКОПИЧЕСКОЕ ИЗУЧЕНИЕ СТРУКТУРЫ САРКОЛЕММЫ 
У КРУПНОГО РОГАТОГО СКОТА ПРИ ОКОЧЕНЕНИИ

Г. БИРО и М. ГАРАМВЁЛДИ

Кольцевые соединительнотканные пучки в желобах около мышечных пучков, 
наблюдавшиеся раньше нормальным микроскопом, подвергались детальному, электрон- 
микроскопическому исследованию. Обнаружено, что двухслойная сарколеммная оболочка 
впячивается в желобы (инвагинация) и, таким образом, часть соединительнотканного 
материала, образующего дупликатуру, происходит от эндомизия. Коллагенные пучки 
сарколеммы на поперечных срезах хорошо видны и их округлая форма указывает на то, 
что они окружают мышечные пучки в виде кольца. Наблюдение подтверждает то мнение, 
что причиной жесткости говядины во время окоченения является переорганизация со­
единительнотканной сети мышц.

О СПАИВАНИИ КРОВЕНОСНЫХ СОСУДОВ ГИСТОАКРИЛЕМ -  КЛЕЕМ ДЛЯ
ТКАНЕЙ

Й. ЗАЙЕР, Ш. ДУБЕЦ и К. ШОМОДЬВАРИ

Авторы докладывают об опыте по применению Гистоакрилата — клея для тканей, 
содержащего бутил-2-цианоакрилат. Препарат зарекомендовал себя в спаивании (склеи­
вании) кровеносных сосудов. Описывают операционную технику и анализируют значение 
метода.



СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ КИШЕЧНЫЙ ПРОСВЕТ РАСШИРЯЮЩЕГО 
ЭФФЕКТА ЖИВЫХ КУЛЬТУР ESCHERICHIA COLI 0141 : К85.88 

НА СВИНЬЯХ КАРЛИКОВОЙ И КРУПНОЙ БЕЛОЙ ПОРОД
Г. ШЕМЙЕН и Л. ПЕШТИ

Авторами изучен кишечный просвет расширяющий эффект бульонных культур и 
энтеротоксина Escherichia coli серотипа 0141 : к 85,88 на 16 свиньях миннесотской карли­
ковой и на 17 головах крупной белой пород. Среди миннесотских свиней 5, а среди белых 
крупных животных 2 дали неясные реакции. На основании поведения кишечной петли, 
26 животных можно разделить на три группы: 1. животные со слабой реакцией, у которых 
только живая культура вызывала оценимое накопление жидкости в кишечной петле;
2. животные с выраженной реакцией, у которых как энтеротоксины, так и бульонная 
культура расширяли все кишечные сегменты; 3. животное с переменной реакцией, когда от 
бульонной культуры получена всегда положительная реакция, от энтеротоксина же по 
отдельным сегментам получена то положительная, то отрицательная реакция.

Среди 11 миннесотских свиней только 6 оказались чувствительными, у 5 животных 
получена только слабая реакция. Среди 15 животных крупной белой породы 1 свинья по­
казывала слабую реакцию, 9 — выраженную реакцию и 5 животных реагировало с разной 
чувствительностью.

Учитывая различную чувствительность свиней к энтеротоксину, авторы оценили 
надежность пробы на кишечной петле и пришли к выводу, согласно которому при реко­
мендуемой экспериментальной схеме белая крупная порода пригодна для изучения энте­
ральных поражений, вызванных Escherichia coli и ее токсинами. Миннесотская карли­
ковая свинья для этой цели неудобна.

ЭЛЕКТРОННО-МИКРОСКОПИЧЕСКОЕ ИЗУЧЕНИЕ ОБРАЗОВАНИЯ 
МИКРОГАМЕТ У МЫШИНОЙ КОКЦИДИИ 

EIMER1A FALCIFORMIS
Е. ШОЛТИСЕК, Л. ПЕЛЛЕРДИ, Г. МЕЛГОРН и А. ХАБЕРКОРН

Изучалась тонкая структура микрогамонтов и микрогамет мышиной кокцидии 
Eimeria falciformis в эпителиальных клетках тонкого кишечника при искусственной 
инвазии. Удалось реконструировать все фазы течения дифференциации микрогамет.

ИЗУЧЕНИЕ ПРИЧИН НЕСПЕЦИФИЧЕСКИХ АГГЛЮТИНАЦИОННЫХ 
БРУЦЕЛЛЕЗНЫХ КОЛЬЦЕВЫХ ПРОБ

3. кишш

Иммунодиффузионный и иммуноэлектрофоретический анализы образцов молочной 
сыворотки, изученных агглютинационной бруцеллезной кольцевой пробой (АБКП), указа­
ли на наличие трех видов иммуноглобулина против антибычьей Ig сыворотки. АБКП- 
отрицательные пробы содержали относительно малое количество одного компонента IgG, 
обозначенного IgG5 и редко IgM. Специфически и неспецифически реагирующие АБКП- 
положительные образцы сыворотки содержали в большем количестве lgG3 и чаще IgG, и 
IgM. Таким образом положительная АБКП была связана с повышением количества 
иммуноглобулина, особенно, если реакция была неспецифической. Стимулированные 
специфическим антигеном антитела образуют специфические связи с гомологическим 
антигеном, но есть основание предполагать, что повышение уровня иммуноглобулина, 
вызванное неспецифическими стимулами, является причиной связей, реализирующихся в 
неспецифических АБКП. Соответственно, если на основании истории клиники и эпи- 
зоотологических соображений положительные АБКП сомнительны, серологические пробы 
нужно проводить не только с кровью, но и с молочной сывороткой. Только такими допол­
нительными исследованиями можно с достоверностью выявить бруцеллезное положение в 
хозяйстве.
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DIE WIRKUNG EINES ANTIBIOTIKUMFREIEN 
FUTTERERGÄNZUNGSPRÄPARATES AUF DIE DURCH 
E S C H E R I C H I A  C O L I  VERURSACHTEN ERKRANKUNGEN 

UND DIE ENTWICKLUNG VON KÄLBERN UND
FERKELN

V on

B . J u h á s z , L . B o n é  u n d  Z. K u n f f y

F o rsch u n g s in s titu t fü r  T ierzuch t (D irek to r: J .  K e s e r ű ), H a u p tab te ilu n g  fü r  Physio log ie,
B u d a p es t

(E ingegangen a m  12. M ärz 1972)

In  le tz te r  Z e it w urde in d e r tie rä rz tlic h en  P rax is  h äu figer fe s tg e s te llt, 
d aß  sich die H eilw irkung  einiger A n tib io tik a  b ed eu ten d  v e rrin g e rt h a t .  D er 
G ru n d  d ieser T a tsa c h e  ist in der R esis ten z  und  K reuzresistenz  zu suchen , die 
sich  in  den B a k te rie n  en tw ickelt h a b e n . D ies bez ieh t sich insbesondere a u f  die 
bei M agen- u n d  D arm en tzü n d u n g en  p e r os an g ew an d ten  A n tib io tik a , die 
w egen ih re r n u tr i t iv e n  W irkung ins F u t te r  gem ischt w erden . Sie fö rd e rn  in  
su b th e ra p e u tisc h e n  Dosen E n tw ick lu n g , G ew ichtszunahm e und  L e is tu n g  der 
T iere  sowie die F u tte rv e rw e rtu n g .

B e k an n t sind  die A nregungen in  E u ro p a , zu denen es in E n g lan d , der B u n d esrep u b lik  
D eu tsch lan d  u n d  de r Schweiz nach dem  E rsch e in en  des Sw a n n - u n d  K e w it z - (Z e r l e , 1969) 
bzw. des Jo u y -en -Josas-S ym posium  (So jk a , 1971) B erich te  gekom m en ist. A u fg rund  d ieser 
B erich te  w urde in E n g la n d , m it v ersch iedenen  gesundheitlichen  u n d  rech tlichen  A rg u m en ten  
die V erw endung von A n tib io tik a  in M isch fu tte rn  u n te rsag t. W ahrschein lich  w erden in  Z u k u n ft 
n u r  jen e  A n tib io tik a  zugelassen, die aus dem  V erd au u n g sk an a l n ich t re so rb ie rt u n d  au ß erd em  
w eder in  der H u m an - noch  in der V e terin ärm ed iz in  v e rw endet w erden. E n g lan d  is t bei d ieser 
A nregung  fü h ren d , sein  Beispiel ist e rm u tig en d .

N ach  den e rw äh n te n  A rbeiten sin d  in  der ganzen W elt Fo rschungen  a n g es te llt  
w orden , u m  Stoffe, V erb in d u n g en  und P rä p a ra te  herzuste llen , die dem  F u tte r  beigem isch t, eine 
ähn liche  oder noch bessere  nu tritiv e  W irk u n g  e n tfa lte n  als die A n tib io tik a , die au ß erd em  zu r 
V orbeugung  u n d  H e ilu n g  von Magen- u n d  D arm en tzü n d u n g en  in fek tiösen  oder d iä te tisc h en  
U rsp ru n g s ev en tu ell geeignet wären und  in gew isser H insich t die A n tib io tik a  e rsetzen  k ö n n te n . 
(B r is s o n , 1963; D a v is  u n d  M itarb., 1968; J a c k s ic k , 1963; K o ck m a n n , 1968; N ozaki u n d  
M itarb ., 1969).

Die in ten siv e  K ä lb erau fzu ch t u n d  -m a s t in  G roßbetrieben  in  V erb indung  m it de r ge­
ste ig e rten  V e rfü tte ru n g  von  K o n zen tra ten  a n  H och leistungskühe  u n d  M astrin d er v e ru rsa c h t 
h äu fig  V erd au u n g sstö ru n g en  in den V orm ägen . Diese V erd au u n g sk ran k h e iten  tre te n  zu m e is t 
in F o rm  von  m an g e ln d er F reß lust, P a n se n a th o n ie , rezid iv ierender T y m pan ie  usw . a u f  u n d  
k ö n n en  m it dem  d u rch  die dänische F irm a B IO F A C  A/S (K openhagen) in den H an d el g e b rac h ­
te n  P rä p a ra t  T estm ix  232 (Stim ulex) e rfo lgreich  b eh an d e lt w erden. T estm ix  232 e n th ä lt  keine 
H eilstoffe. E s b e s teh t au s S tärke, D ex trose , H efe , versch iedenen  E iw eißen , P e p tid e n , A m in o ­
sä u ren  usw ., e n th ä lt  e in  a u f  spezielle A rt he rg este lltes  u n d  p u lverisie rtes steriles P a n se n sa f t­
e x tr a k t,  is t also e igen tlich  ein das W ach stu m  e inzelner in  V e rd au u n g s tra k t lebender B a k te rien  
fö rd ern d es gutes N äh rb o d en k o n zen tra t.

A uffallend w ar die folgende B eo b ach tu n g : D as P rä p a ra t  w urde einige T age h in d u rch  
einem  an D urchfall le idenden  jungen  K a lb  v e rab re ic h t. Die m ikrobiologische D iagnose h a tte  
coh-D ysenterie  festg es te llt. Die K ran k h e it, d ie au f A n tib io tik a  sch lech t an sp rach , h e ilte  
in  drei T agen aus (K u n f f y  und T a ng l , 1967).
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A ufgrund  d ieser B eo b ach tu n g  w u rd e  v e rsu c h t, m it T es tm ix  232 die bei 
K ä lb e rn  und  F erk e ln  vo rkom m enden  u n d  a u f  versch iedene U rsachen  zu rü ck ­
zu fü h ren d en  K ra n k h e ite n  der Y erd auungso rgane  zu b eh an d e ln . Sowohl die 
an  K ä lb e rn  als au ch  d ie  an  Ferkeln  d u rc h g e fü h rte n  V ersuche fanden  im m er 
in  dem selben G u tsb e tr ie b  s ta t t ,  die an  d en  V ersuchs- u n d  K o n tro llg ru p p en  
p a ra lle l u n te rn o m m en en  V ersuche w u rd en  im m er g leichzeitig  d u rch g efü h rt.

M ethode und  E rgebn isse

Versuche mit Kälbern

T estm ix  232 w u rd e  zur B eh an d lu n g  von  neugeborenen  K älbern  v e r­
w e n d e t, die an von  Escherichia  coli S täm m en  v e ru rsach te  D ysen terie  e rk ra n k t 
w a ren . Die K ra n k h e it  w urde  m itte ls m ik rob io log ischer U n te rsu ch u n g en  d er 
F äzes  k o n tro llie rt. D ie  V ersuchsergebnisse sin d  in  T abelle I  zusam m engefaß t.

Tabelle I

B ehandlung  von neugeborenen  K älbern  
(E . coii-D ysenterie)

A n zah l
d e r

T iere

B e h a n d l u n g E rk ra n k te
T iere

V erendete
Tiere D urch sch n ittlich es  

L ebendgew ich t in 
kg  am  90. Tag

p ro p h y la k tis c h therapeu tisch
A n ­
za h l »//о

A n­
zahl %

1383 _ Neo-Te-Sol* 521 38 124 23 104,3

1226 — Testm ix 232 496 40 26 5 108,4

2609 1017 39 ( +  4,1)

40 Neo-Te-Sol Neo-Te-Sol 13 32 5 38 105,2

40 T estm ix  232 Testm ix 232 — — — — 110,6

(+ 5 ,4 )

V on 2609 K älbern  e rk ra n k te n  1017 (3 9 % ). Von den k ra n k e n  T ieren  w urden  
521 m it N eo-Te-Sol,* 496  m it T estm ix  232 b e h a n d e lt. V on den  m it dem  A n ti­
b io tik u m  b eh a n d e lte n  T ie ren  ve ren d e ten  124 (23% ), von den m it T estm ix  232 
b eh a n d e lte n  led ig lich  26 (5% ). N ach d er p ro p h y la k tisc h e n  u n d  th e rap eu tisch en  
A nw endung  von T e s tm ix  232 tra te n  keine E rk ra n k u n g e n  auf. Die T iere, denen 
T e s tm ix  232 v e ra b re ic h t  w orden w ar, w iesen  bis zum  90. L eb en stag  eine um  
4 .1 — 5.4 kg g rößere G ew ich tszunahm e a u f  als die K o n tro lltie re .

T h erap eu tisch  e rh ie lte n  die K ä lb e r 30 g T estm ix  232 p ro  T ier und  T ag , 
1— 3 Tage h in d u rc h , p ro p h y lak tisch  10— 20 g T estm ix  232 pro  T ag  u n d  T ie r

* Gemisch von  N eo m y cin  und O x y te tracyclin
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10 T age h indurch  ( J u h á s z  u n d  M ita rb ., 1969 und  1970). D ie b e s ten  E rgebn isse  
e rh ie lten  wir, w enn die B eh an d lu n g  schon am  ersten  o d e r zw eiten  T ag  b eg o n ­
n en  w orden w ar. D abei d a rf  n a tü r lic h  die B ehebung d e r M ängel in  der T rän - 
k u n g s- und  F ü tte ru n g stech n o lo g ie  sowie der H altu n g sh y g ien e  keinesfalls v e r ­
sessen  w erden.

T estm ix  232 e n th ä lt  — wie b e re its  e rw äh n t — ste rile s  P a n se n sa f te x tra k t. 
I n  u nsere r u n län g st d u rch g e fü h rten  V ersuchsreihe h ab en  w ir —  obige E rg e b ­
n isse  in  B e tra c h t z iehend  — an K ä lb e rn  m it T estm ix  232 u n d  m it s te rilem  
P a n se n e x tra k t allein  e ingehendere  U n tersu ch u n g en  a n g e s te llt , deren V erlau f 
in T abelle  I I  d a rg es te llt ist.

Tabelle II

K älberau fzuch tversuch  m it T estm ix  232 (G r. 1) und  sterilem  P a n se n sa f te x tra k t (Gr. 2)

G ru p p e  un d  A nzahl d e r  T iere 

Z eitdauer

Lebendgew icht (D urchschn itt) 

H a ltu n g

K o n tro lle  (G r. K ) G ruppe 1 G ruppe 2

15 20 20

14 — 84 T  a g e (2. — 13. W o c h e n )  

A n f a n g  40,6 kg — E n d e  104,0 kg

f r e i  b e w e g l i c h

F ü tte ru n g T rän k e  aus M agerm ilchpulver -f- W irk sto ffkonzen tra t 

K ra f tfu t te r  ab 3. Woche —> m ax . 1,6 kg 

H eu ad libitum

Z usätze

2. W oche

6. W oche

4 Tage lang 

täglich 20 g 

T estm ix 232 

T estm ix 232

4 Tage lang 

täg lich  200 mg 

P a n sen ex trak t 

P an se n e x tra k t

in M agerm ilchpulver gem ischt

D as T ie rm a te ria l des V ersuches b es tan d  aus 55 K ä lb e rn  der R asse  
»U ngarisches F leckvieh«, die fü r  e ine sp ä te re  M ast v o rg eseh en  w aren . D e r 
V ersu ch  d auerte  84 T age von d er 2. b is zu r 13. L ebensw oche d er K älb er. Die 
T ie re  k o n n ten  sich u n e in g esch rän k t bew egen . Die F ü tte ru n g  b e s ta n d  wie ü b ­
lich  aus M agerm ilchpulver, von dem  den  K älbern  in der 1. V ersuchsw oche 660 g, 
in  d e r  2. 770 g u n d  ab  der 3. V ersuchsw oche 880 g in 6 — 8 1 W asser au fgelöst 
v e ra b fo lg t w urden . D as M agerm ilchpu lver w ar m it e in em  V itam in- u n d  
M in e ra lk o n zen tra t k o m p le ttie r t. H ie rz u  w urden  ab d er 3. L ebensw oche H eu  
ad  lib itu m  u n d  K ra f t fu t te r  bis zu e in e r  m ax im alen  M enge v o n  1.6 kg je  T ie r  
u n d  T ag  gegeben. D as K ra f tfu t te r  b e s ta n d  aus 50%  H a fe rsc h ro t, 14%  G er­
s te n sc h ro t, 20%  L einkuchenm eh l, 8 %  S o jaschro t, 6%  T ro ck en sch n itze l, 1%
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M in era lk o n zen tra t u n d  1%  V itam in p rem ix . Diese F u tte rm isc h u n g  e n th ie lt 
146 g verdauliches E iw e iß  u n d  632 g S tä rk e -E in h e ite n  je  kg .

Die K älber w u rd e n  in  3 G ru p p en  e in g e te ilt, von  d en en  die Tiere der 
G ru p p e  1 (Gr. 1) bzw . d e r  G ruppe  2 (G r. 2) vom  A n fan g  d e r 2. und  der 6. 
L ebensw oche an 4 T ag e  lan g  täg lich  20 g T estm ix  232 (G r. 1), oder 200 m g 
P a n se n e x tra k t (Gr. 2) in  M agerm ilchpu lver gem ischt e rh ie lte n . Die E rgebnisse 
des V ersuches sind in  T ab e lle  III  zu sam m en g efaß t. Bei d iese r F ü tte ru n g  er-

Tabelle III

D urchschnittliche  G ew ich tsen tw ick lung  u n d  F u t te r  ve r Wertung im  K älb erv e rsu ch  zur P rüfung  
der W irksam keit v o n  T estm ix  232 (Gr. 1) u n d  sterilem  P a n se n e x tra k t (Gr. 2)

(2 ,— 13. W oche)

G ruppe
A nfangs­
gew icht

k g

E n d g e ­
w ich t

kg

G e sam tzu n ah m e
T ages­

zu­
n a h m e

g

M agerm ilchpulver 
je  kg  Zuw achs

kg % kg %

Gr. К 41,6 103,3 61,7 100,0 702 1,610 109,3

Gr. 1 40,2 106,8 66,6( +  4,9) 109,2 748 1,468 100,0

Gr. 2 40,5 105,0 6 4 ,5 (+ 2 ,8 ) 104,4 723 1,534 104,5

re ic h te  die K o n tro llg ru p p e  (Gr. K) n ach  13 W ochen e in  du rch sch n ittlich es  
G ew ich t von 103,3 kg , die Gr. 1 106,8 kg  u n d  die G r. 2 105,0 kg. N ach 12 
W ochen  w ar gegenüber d er Gr. К  das W ach stu m  von G r. 1 u m  9,2%  u n d  das 
v o n  Gr. 2 um  4 ,4 %  b esse r. Im  V erlaufe des V ersuches w u rd e  in  der Gr. К  eine 
m itt le re  tägliche Z u n ah m e  von  702 g, in  d er Gr. 1 von  748 g u n d  in der Gr. 
2 von  723 g e rre ich t. D ie U n tersch ied e  in  d er G ew ich tsen tw ick lung  zw ischen 
d en  d re i G ruppen sin d  n ic h t groß. D ie D ifferenzen sind  s ta tis tisc h  n ich t ge­
s ic h e rt. Die Z u n ah m en  w aren  in  der T e s tm ix  232 G ruppe  (G r. 1) am  G röß ten , 
w äh ren d  sie in d er P a n s e n e x tra k t G ruppe  (Gr. 2) g e rin g er w aren .

7.

A bb. 1. D u rch fallhäu figkeit bei K ä lb ern  in  %  des Y ersuchsdauer. — О — Stim ulex; — Д  —

P a n se n e x tra c t; — x — K ontro lle
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A uffälligere D ifferenzen t r a te n  bei der F u tte rv e rw e r tu n g  auf, w obei die 
G r. 1 auch  h ier an  d er Spitze s te h t . In  d er Gr. К  w ar die F u tte rv e rw e r tu n g  
um  9 ,3 % , in  d er Gr. 2 um  4 ,5 %  sch lech te r. Beim  V erb rau ch  an  v e rd au lich em  
E iw eiß  u n d  S tä rk ee in h e iten  je  kg  Z uw achs zeig t sich eine le ich te  U berlegen - 
h e it d e r T iere, die T es tm ix  232 u n d  P a n s e n e x tra k t e rh a lte n  h a tte n . So b e tru g  
d er V erb rau ch  an  N etto en erg ie  fü r  1 kg  Zuw achs in Gr. 1 1423 u n d  in  G r. 
2 1335 S tä rk ee in h e iten . Diese D ifferenz  is t m it e iner I r r tu m sw a h rsc h e in lich ­
k e it  von  P  =  10%  gesichert.

A bb ildung  1 zeig t, daß T e s tm ix  232 (S tim ulex) u n d  P a n se n e x tra k t 
au ch  die D u rch fa llh äu fig k eit h e ra h se tz t . W äh ren d  bei den  K o n tro lltie ren  
ohne Z usa tz  die Z ah l d er D u rch fä lle , a u f  die Z ahl der F u tte r ta g e  bezogen , 
b is um  24%  s ta rk  zu n im m t, k a n n  d u rch  S tim ulex- oder P a n se n e x tra k t-  
B e h an d lu n g  — also be i Gr. 1 u n d  2 —  die D u rch fa llh äu fig k e it a u f  k o n s ta n te m  
N iv eau  von 3— 5%  g ehalten  w erden .

Versuche m it Ferkeln

A ufgrund  d ieser E rgebn isse  w urde  T estm ix  232 auch  zu r B eh an d lu n g  
d e r E .  co /i-D ysenterie  u n d  der Ö d em k ran k h e it bei F e rk e ln  v e rw en d e t ( J u ­
h á s z , K u n f f y  u n d  B o n é , 1969, 1971). Zweifellos v e ru rsa c h t E . coli in u n se ren  
G ro ß b e trieb en  bei F e rk e ln  die m e is ten  E rk ran k u n g en  an M agen- und  D a rm ­
e n tzü n d u n g en  b ak te rie llen  U rsp ru n g s . Diese E rk ra n k u n g e n  h ab en  a u ß e ro r­
d en tlich e  V erluste  zu r Folge. E . coli sp ie lt bei der allgem einen  ach tw öch igen  
A bsetzungstechno log ie  der F erkel eine b ed eu ten d e  R olle, die in  drei G ru p ­
p en  u n te r te il t  is t, u n d  zw ar im  A lte r  von  einer W oche (E . co /i-D ysen terie), 
im  A lte r  von e tw a  dre i W ochen (W eiße R u h r) und  zur Z e it des A bsetzens 
(Ö d em k ran k h e it) . D ie im  A lte r von  e tw a  drei W ochen a u ftre te n d e  weiße R u h r  
k o m m t allerd ings bei uns in U n g arn  m eist n u r  vere in ze lt v o r u n d  ist von v ie l 
g e rin g ere r B ed eu tu n g  als die K ra n k h e itsb ild e r  der N eugeborenen  u n d  A b g e­
se tz te n  (Sz e n t - I v á n  VI, 1970).

Die U n te rsu ch u n g en  hab en  bew iesen , daß  in  der P a th o g en ese  der d u rch
E . coli v e ru rsach ten  E rk ra n k u n g e n  b es tim m te , sogen an n te  en te ro p a th o g en e  
(häm olysierende) E . coli-T ypen  eine b ed eu ten d e  Rolle sp ielen . U n te rsu c h u n ­
gen , die die q u a n tita tiv e n  u n d  q u a lita tiv e n  Ä nderungen  d er D arm m ik ro flo ra  
des gesunden  Schw eines fe s ts te llte n , gaben  k lare  A n tw o rt a u f  die F rage , in ­
w iew eit die m it dem  A lte r zyklisch  zu sam m enhängenden  V erän d eru n g en  d er 
n o rm alen  D arm flo ra  die D isposition  d er T iere fü r den d u rch  E . coli v e ru rsa c h ­
te n  E rk ran k u n g en  beein flussen . D ie U n te rsu ch u n g en  ze ig ten , d aß  im  G leich­
gew ich t der eine große S ta b ili tä t  au fw eisenden  D arm flo ra , fü r  das ein Ü b e r­
gew ich t der L ak to b az illen  und  E n te ro k o k k e n  c h a rak te ris tisch  is t, eine re la ­
tiv e  V erm eh ru n g  d er K o lib ak te rien  in  den  e rs ten  T agen n a c h  d er G eb u rt u n d
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dem  A bsetzen  zu b e o b a c h te n  w ar. In  A nw esenheit e n te ro p a th o g en er E . coli- 
T y p en  sind Ferkel, in sbesondere  w enn au ch  noch h a ltungstechno log ische  und  
hyg ien ische  M ängel b e s te h e n , fü r d u rch  E .  co /i-B ak terien  v e ru rsach te  E rk ra n ­
k u n g en  au ß ero rd en tlich  em pfänglich .

Tabelle IV

B ehandlung  von neugeborenen F erkeln  
(E . coh-D ysenterie)

A n zah l 
d e r  T iere

B e h  а n  d  1 u  n  g
E rk ra n k te

Tiere
V eren d e te

T iere D u rch sch n ittsg e ­
w ich t in  kg am  80. 

L ebenstag
p ro p h y la k tisc h th erap eu tisch A n zah l % A n zah l %

60 K o n tro llg ru p p e 26 43 12 20 18,6

7123 Neo-Te-Sol 2067 29 780 11 21,5

7790 T estm ix 232 2051 26 103 1,3 24,6

1260 T estm ix  232 T estm ix  232 221 17 24 1,8 25,8

T abelle IV  zeig t die nach B eh an d lu n g  der E . co/z-D ysenterie bei neuge­
b o ren en  F erkeln  e rm itte l te n  D aten . In  B etrieb en  m it an  E . coli-D ysen terie  
e rk ra n k te n  F erk e ln , be i denen eine B eh an d lu n g  ü b e rh a u p t n ich t (K ontro ll- 
g ru p p e) oder nur u n zu län g lich  d u rc h g e fü h rt w urde , k an n  m it einer 43% igen  
E rk ra n k u n g  und  e inem  20% igen  A usfall gerechne t w erden . D as D u rc h sc h n itts ­
g ew ich t der F erkel d ie se r K o n tro llg ru p p e  b e tru g  im  A lte r  von  70 T agen  n u r  
18.6 kg . In  den b e id en  G ruppen  von 7123 bzw . 7790 F e rk e ln , die th e ra p e u tisc h  
b e h a n d e lt  w urden , w iesen  29%  bzw . 2 6 %  der T iere E rk ra n k u n g e n  auf, w obei 
die B eh an d lu n g  m it N eo-Te-Sol e inen  11% -igen  A usfall sowie im  A lte r von  
70 T ag en  ein d u rch sch n ittlich es  L eb endgew ich t von 21,5 kg /T ier, die B eh a n d ­
lu n g  m it T estm ix  232 h ingegen  n u r  e in en  A usfall von 1 ,3%  sowie in dem selben  
A lte r  e in  d u rch sch n ittlich es  L ebendgew ich t von 24,6 k g /T ie r .

B ei p ro p h y la k tisc h e r  V erab re ich u n g  von  T estm ix  232 u n d  an sch ließen ­
d e r th e ra p e u tisc h e r  B eh an d lu n g  der e rk ra n k te n  T iere reg is trie rten  w ir sogar 
n u r  in  17%  E rk ra n k u n g e n  u n d  einen  A usfa ll von 1 ,8% . D as d u rch sch n ittlich e  
L ebendgew ich t im  A lte r  von 70 T agen  b e tru g  im m erh in  25,8 kg.

Die p ro p h y lak tisch e  und  th e ra p e u tisc h e  B eh an d lu n g  der neugeborenen  
F e rk e l w urde fo lg en d erm aß en  d u rc h g e fü h rt: Bei der th e ra p e u tisc h en  B eh a n d ­
lung  w urden  pro F e rk e l 2 g T estm ix  232 m it e tw a  3 g M ilchpulver v e rm isch t 
in 5— 10 m l lau w arm en  W asser su sp e n d ie rt und  n asa l v e ra b re ich t. Die B e­
h an d lu n g sd au e r von  1— 3 T agen is t bei n ic h t schw er e rk ra n k te n  T ieren  a u s ­
re ich en d . P ro p h y la k tisc h  genüg t dagegen eine einm alige B ehand lung . B ew äh rt 
h a b e n  sich auch fo lgende V erab re ichungsfo rm en : D as P rä p a ra t  w ird  m it e tw a 
6 g M arm elade oder H o n ig  verm isch t a u f  die Zunge d er T iere gestrichen  oder 
die u nverm isch te  M enge von  2 g von H a n d  eingegeben u n d  vom  T ier ab g e­
sau g t.
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T abelle V ze ig t die E rgebnisse d e r th e ra p e u tisc h en  u n d  p ro p h y lak tisch en  
B eh an d lu n g  d er w äh ren d  der A b se tzen sze it a u f tre te n d e n  Ö d em k ran k h e it bei 
F e rk e ln . In  den  u n te rsu c h te n  B e tr ie b e n  t r a t  diese K ra n k h e it  d u rch sch n ittlich  
bei 65%  der T iere  au f; die M o rta li tä t  m ach te  20— 30%  aus. M it hohen  A n ti-  
b io tikum -dosen  k o n n te  die M o rta li tä t  a u f  11% , m it T es tm ix  232 sogar a u f  
1 ,6%  v e rrin g e rt w erd en . Ä hnliche E rg eb n isse  e rre ich ten  w ir bei p ro p h y la k ti­
scher und  th e ra p e u tisc h e r  B eh an d lu n g  m it T estm ix  232, ab er die Z ah l d e r

Tabelle V

Behandlung v o n  Ferke ln  beim  A bsetzen 
(Ö d em krankheit)

A nzahl 
d e r T iere

B e h a n d l u n g
E rk ra n k te

T iere
V e ren d e te

T iere D u rc h sc h n ittsg e ­
w icht in k g  a m  70.

p ro p h y la k tis c h  th era p e u tisch A n zah l I % A n z a h l 1 %

64 K ontro llgruppe 51 79 18 28 —

135 — Neo-Te-Sol 105 77 15 11 —

187 — Testm ix 232 81 43 3 1,6 —

324 Neo-Te-Sol Neo-Te-Sol 165 50 36 11 —

247 T estm ix  232 T estm ix 232 65 26 7 2,8 —

197 K ontro lig ruppe 97 49 40 20 19,5
273 Neo-Te-Sol — 116 42 15 6 24,6
265 T estm ix  232 58 22 12 4,5 27,8

E rk ra n k u n g e n  (65 T iere , 26% ) u n d  d er V eren d e ten  (7 T iere , 2 ,8% ) w ar ge­
ringer. B ei a llgem einen  p ro p h y lak tisch en  B eh an d lu n g  v e rrin g erte  sich die 
Z ah l d er E rk ra n k u n g e n  b ed eu ten d  (22% ) u n d  der A usfa ll b e tru g  n u r  4 ,5 % . 
D as d u rch sch n ittlich e  L ebendgew ich t im  A lte r  von  70 T ag en  w ar um  8,3 kg  
höher als das d er K o n tro lltie re .

Die B eh an d lu n g  der Ö d em k ran k h e it zu r Z eit des A bsetzens der F e rk e l 
w urde fo lgenderm aßen  d u rch g efü h rt: In  das T a g e sfu tte r  w urden  5—6 g T e s t­
m ix  232 pro T ie r e ingem isch t u n d  d en  F erk e ln  zu e rst v e ra b re ich t, um  sicher 
zu sein, daß das P rä p a ra t  von allen  T ie ren  aufgenom m en w ird . Bei d er p ro ­
p h y lak tisch en  B eh an d lu n g  w urde ä h n lic h  g eh an d e lt. In  d iesem  F a ll gaben  w ir 
den  F erke ln  pro  T ie r  u n d  Tag 3— 4 g T e s tm ix  232 m it dem  F u t te r  v e rm isc h t 
3 T age v o r bis 6 T age nach  dem  A b se tzen .

In  w eiteren  V ersuchen w urde u n te rs u c h t, ob T estm ix  232 e n th a lte n d e s  
F e rk e ls ta r te r fu tte r  die G ew ichtszunahm e u n d  F u tte ra u fn a h m e  der F e rk e l 
b e e in flu ß t. D as F u t te r  w ar pe lle tie rte s  S ta r te r fu tte r  von  b es te r Q u a litä t. E s 
is t anzunehm en , d aß  diesem  F u t te r  v o n  V ornhere in  schon K u p fer zu g ese tz t 
w ar, um den W ach stu m seffek t zu fö rd e rn .
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Die F e rk e ln  w u rd en  in  drei G ru p p en  e in g e te ilt. Jed e  G ruppe  b e s ta n d  aus 
e tw a  150 F erk e ln . D ie K o n tro llg ru p p e  (G r. K ) e rh ie lt S ta r te r fu t te r  ohne T est-  
m ix  232. Die G r. 1 e rh ie lt F u t te r  m it 1 .2 5 % , die Gr. 2 m it 2 ,50%  T e s tm ix  
232. In  allen  G ru p p en  w aren  G esu n d h e itszu s tan d , S ta llhyg iene  usw . w äh ren d  
d er ganzen Y ersuchsperiode  g u t. E s w u rd e  T ro ck en fu tte r  ohne A n tib io tik a  
v e ra b re ic h t, als die F e rk e l 2 W ochen  a l t  gew orden sind.

Abb. 2. G ew ich tszunahm e w äh ren d  de r V er- Abb. 3. D u rch sch n ittw e rte  der F u tte ra u f  
Suchsperiode. — • — K o n tro l le — Д — S tim u- n ä h m e  w ährend de r V ersuchsperiode. — •  

lex  1 ,25% ; — О — S tim u lex  2,50%  K o n tro lle ; — Д— S tim u lex  1 ,25% ; — О —
S tim ulex  2 ,50%

Die E rg eb n isse  sind  in T abelle  V I zu sam m en g efaß t. A us diesem  M ateria l 
gehen G ew ich tszunahm e und  F u tte ra u fn a h m e  hervor, a n g e fü h rt in  abso lu ten  
Z ah len  u n d  P ro z e n tz a h le n  angegeben  fü r  die T iere im  A lte r  von  3, 5, 6 u n d  8 
W ochen . A us d e r T abe lle  is t e rs ich tlich , d aß  die F erkel d er G r. 1 w äh ren d  des 
V ersuches im  D u rc h sc h n itt 0.68 kg , also  u m  10%  m ehr zugenom m en h ab en  
als die T iere d e r G r. K , u n d  die T iere  d e r G r. 2 1,08 kg, also um  15%  m ehr als 
die K o n tro llg ru p p e . D em zufolge zeig te G r. 1 d u rch sch n ittlich  einen um  25%  
h ö h eren , und die F erk e l der Gr. 2 e inen  um  12%  höh eren  F u tte rv e rb ra u c h  
als die Gr. K .

A b b ildung  2 v e ran sch au lich t die G ew ichtszunahm e in der V ersu ch sp e­
riode  (2— 8. W oche). W ie e rsich tlich , ze ig t G r. 2 (2,5%  T estm ix  232) das beste  
E rg eb n is . D en  D u rc h sc h n ittsw e rt d e r F u tte ra u fn a h m e  w äh ren d  des V ersuchs 
ze ig t A b b ildung  3. In  der 3., 6. u n d  8. W oche w ar d er F u tte rv e rb ra u c h  bei 
G r. 1 (1 ,25%  S tim u lex ) am  h öchsten .

A bb ild u n g  4 ze ig t den E in flu ß  von  T estm ix  232 a u f  die d u rc h sc h n itt­
liche G ew ich tszunahm e von F erke ln  im A lte r von 2— 8 W ochen. W äh ren d  Gr.
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Tabelle VI

E influß  von T estm ix  232 (Stim ulex) au f die F erk e l (im S ta r te r fu tte r  gem ischt)
(Jede  G ruppe: 150 Ferkel)

K o n tro lle  
(G r. K )

G ruppe 1 (1 ,25%  T*) G ru p p e  2 (2,50%  T*)

A l t e r
(W ochen)

(W .)

Ge-
w ich ts-

zu-
n ah m e

F u t te r ­
a u f­

n a h m e

G ew ichtszu­
nah m e F u tte ra u fn a h m e G ew ich tszunahm e F u tte ra u fn a h m e

kg kg % kg % % kg %

3 1,81 0,53 2,02 10,0 0,81 33,0** 2,22 18,3 0,56 5,6

+  0,20 +  0,28 + 0 ,4 1 +  0,03

5 5,43 2,25 6,06 10,0 2,83 20,3*** 6,21 12,4 2,86 21,3

+ 0 ,6 3 +  0,58 +  0,77 +  0,61

6 7,24 4,48 8,07 10,6 5,52 18,7 8,87 18,4 4,92 8,9

+ 0 ,83 +  1,04 +  1,63 + 0 ,4 4

8 13,08 11,11 14,16 7,7 15,18 26,8*** 14,59 10,6 12,66 12,2

+  1,08 + 4 ,0 6 +  1,54 +  1,55

D urch-

schn itt 6,89 4,59 7,57 9,6 6,09 24,7*** 7,97 14,9 5,25 12,0

(D.) + 0 ,6 8 +  1,50 +  1,08 + 0 ,6 6

G ew ichtszunahm e 2,09 2,36/W . 2,42/W .

D. kg ( 2 , - 8. W .) + 0 ,2 7  (11,5% ) +  0,33 (14,0% )

F u tte rau f- 1,59/W . 2,18/W . 1,82/W.

nähm e D. kg (1 .-- 8 .  W .) (+ 0 ,5 9 ;  26 ,8% ) ( +  0,23 11,7% )

^ * T estm ix 232; ** s ign ifikan t (P = 0 ,0 5 );  *** s ig n ifik an t (P = 0 ,1 0 )

Kg

Gruppen

Abb. 4. E in flu ß  von  S tim u lex  au f die d u rc h ­
schnittliche  G ew ich tszunahm e von F erk e ln  
zwischen 2— 8. W o ch en alter. K, K o n tro lle ; 
1, S tim ulex  1 ,25% ; 2, S tim ulex  2 ,5 0 % ; +  

V erbesserung

Abb. 5. E in flu ß  von  S tim ulex  au f die d u rc h ­
sc h n ittlich e  F u tte ra u fn a h m e  (von F e rk e ln  
zw ischen 2 — 8. W ochenalter. K , K o n tro lle ; 
1, S tim u lex  1 ,2 5 % ; 2, S tim ulex  2 ,5 0 % ; -f- 

V erbesserung
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*P=5°/o Gruppe 1 D u rchsch n it t  125°/.
•  P=10% Gruppe 2 D u rchsch n it t  112%

3 5 6 8  Lebenswoche

Abb. 6. V erlau f der w öch en tlich en  F u tte ra u fn a h m e  (in  % ) zw ischen 2— 8. W och en alte r. K , 
K o n tro lle ;  1, S tim ulex  1 ,2 5 % ; 2, S tim ulex  2,50%

К  im  D u rch sch n itt eine w öchentliche G ew ich tszunahm e von  2,09 kg  aufw ies, 
b e tru g  diese bei G r. 1 2,36 kg, u n d  bei G r. 2 2,42 kg, w as einen  d u rc h sc h n itt­
lichen  G ew ichtszuw achs von 0.27 kg  (112% ) bzw. 0,33 kg (114% ) b e d e u te t. 
In te re s s a n t g e s ta lte te  sich  der W e rt d e r  w öchentlichen  d u rch sch n ittlich en  
F u tte ra u fn a h m e  (A bb. 5). W äh ren d  G r. К  1,59 kg v e rb ra u c h te , b e tru g  der 
F u tte rv e rb ra u c h  b e i G r. 1 2,18 kg, b e i G r. 2 aber n u r 1,82 kg . Gr. 1 v e rz e h rte  
also um  0,59 kg  (1 27% ; P  =  10% ) u n d  G r. 2 u m  0,23 kg (112% ) m ehr F u t te r .

A bb ildung  6 ze ig t die von allen  d re i G ruppen  in  d er 3., 5., 6. u n d  8. 
W oche v e rb ra u c h te  F u tte rm e n g e  im  V erh ä ltn is  zue in an d er in P ro zen ten . Es 
k a n n  fe s tg es te llt w e rd en , daß  die F e rk e l d e r Gr. 1 im  A lte r von  3 W ochen  u m  
3 3 %  m eh r F u t te r  ( P = 5 % )  gefressen h a b e n  als die K o n tro lltie re . D ie anderen  
E rg eb n isse  sind  au ch  sig n ifik an t.

B esprechung

A ug ru n d  d e r b isherigen  V ersuche sin d  w ir der M einung, d aß  das P r ä ­
p a r a t  T estm ix  232 v o n  B IO FA C  zu r V orbeugung  u n d  H eilung  d er E . coli- 
D y sen te rie  bei K ä lb e rn  u n d  n eu g eb o ren en  F erkeln  sowie der zu r Z eit des A b ­
se tzen s a u ftre te n d en  O d em k ran k h e it b e i F e rk e ln  m it g u tem  E rfo lg  angew en d et 
w erd en  k an n . D u rch  die V erm ischung e in e r  en tsp rech en d en  M enge dieses P r ä ­
p a ra te s  m it dem  F e rk e lfu tte r  k an n  die K ra n k h e it n ich t n u r  v e rh ü te t  w erden , 
so n d ern  die b e h a n d e lte n  T iere e rre ich en  im  A lter von 70 T agen  auch  ein b e ­
d e u te n d  höheres G ew ich t als die u n b e h a n d e lte n . Es w urde  fe s tg es te llt, daß  
T e s tm ix  232 bei d e r B eh an d lu n g  d e r d u rc h  en te ro p a th o g en e  E . coli-S täm m e 
v e ru rsa c h te n  M agen- u n d  D a rm en tzü n d u n g en  bessere E rgebn isse  zeig t als die 
A n tib io tik a .

Die R e su lta te  d ieser und  a n d e re r  V ersuche sp rechen  d a fü r, d aß  die 
M ischung von 1 .25%  T estm ix  232 im  F e rk e l-S ta r te r fu tte r  (2— 8. W oche) eine
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gu te  G ew ich tszunahm e zu r Folge h a t  (10% ) u n d  d aß  die V erw endung  von 
T e s tm ix  232 die F u tte ra u fn a h m e  fö rd e rt (25)% .

Die b isher d u rch g e fü h rten  V ersuche sind  s te ts  u n te r  A ufsich t u n d  s tr e n ­
ger K o n tro lle  d u rc h g e fü h rt w orden. Im  A nschluß  d a ra n  h ab en  w ir n ach  ge­
n a u e r  A n le itung , jed o ch  ohne besonders strenge K o n tro llm a ß n a h m e n , die 
W irkung  des T estm ix  232 u n te r  G ro ß b e trieb sv e rh ä ltn issen  g e tes te t. F lierfür 
s ta n d e n  uns in sg esam t 192 L P G ’s m it 70.000 T ieren  zu r V erfügung , genauer ge­
sag t m it 10.000 K ä lb e rn  u n d  60.000 F erk e ln . Die R e su lta te  w aren  ebenso gu t. 
N a tü r lic h  d a rf  in  d iesem  Z usam m enhang  keinesfalls die B ehebung  der M ängel 
in  d er H altu n g sh y g ien e  und  F ü tte ru n g stech n o lo g ie  vergessen  w erden .

A bschließend  m ö ch ten  w ir, um  M iß v ers tän d n issen  v o rzu b eu g en , die 
T a tsa c h e  h e rv o rh eb en , d aß  T estm ix  232 (S tim ulex) w ed er ein  spezieller W irk ­
s to ff  noch  ein M ed ik am en t, sondern  ein G em isch, ein K o n z e n tra t d iä te tisc h  
w irk e n d e r Stoffe is t, das in en tsp rech en d er D osierung  die im  versch iedenen  
L eb en sa lte r  der F e rk e l und  der K ä lb e r a u ftre te n d en  M agen- und  D a rm e r­
k ran k u n g en  in b ed eu ten d em  G rade v o rte ilh a ft b e e in flu ß t. D ie p a ren te ra le  V er­
w en d u n g  der A n tib io tik a  zu r B ehand lung  d er T iere , oder im  F u t te r  k a n n  som it 
e in g es te llt w erden . Info lgedessen  k an n  auch  die R esis ten z  der E . coli-B a­
zillen  gegenüber den versch iedenen  A n tib io tik a  n ach  e iner gewissen Z e it­
sp an n e  ev en tu e ll w ieder erlöschen.

ZU SA M M EN FA SSU N G

T estm ix  232 (S tim u lex ) von  B IO FA C  A/S (K o p p en h ag en ) is t ein  P rä p a ra t,  das keine 
A n tib io tik a  e n th ä lt. U nsere  V ersuche  bewiesen, daß  dieses M itte l bei rech tze itig e r A nw endung  
u n d  in  en tsp rech en d e r D osierung  die d u rch  E . coli v e ru rsac h ten  M agen- u n d  D a rm e n tz ü n d u n ­
gen bei neugeborenen  K ä lb e rn  u n d  Ferke ln  sowie die O d e m k ran k h e it der abgesetz ten  F erk e l 
heilt. D as P rä p a ra t  is t a u ch  zu r p ro p h y lak tisch en  A nw endung  geeignet. Die L ebendgew ich ts­
zu n ah m e u n d  F u tte ra u fn a h m e  d e r T iere, die m it T estm ix  232 b e h a n d e lt  w urden , oder in das 
S ta r te r fu tte r  e ingem ischtes T es tm ix  232 erh ie lten , w aren  besser als die de r n ich t b e h an d e lten  
Tiere.
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THE VALUE OF THE 0 ,  AND R SALMONELLA PHAGE 
TESTS FOR ROUTINE LABORATORY EXAMINATIONS
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C en tra l L ab o ra to ry  (H ead : J .  T akács), V e te rin a ry  M eat C ontro l Service, B u d ap es t

(R eceived A pril 15, 1972)

The d em o n stra tio n  o f Salmonellae (referred  to  h e re a f te r  as S.) in food­
stu ffs  o f an im al origin is one of th e  m o st critica l ta sk s  o f v e te r in a ry  food con­
tro l lab o ra to rie s  ro u n d  th e  w orld . Since th e  de tec tio n  o f S. co n tam in a tio n  is 
eq u a lly  n ecessary  in food th a t  is im p o rted  or e x p o rte d , severa l co m p eten t 
bodies, am ong th em  th e  In te rn a tio n a l O rgan isa tion  fo r S tan d a rd isa tio n  
(ISO ), have m ade considerab le  efforts to  prom ote  re sea rch  w ork  on developing 
un iform  procedures of a ssay  w ith  a view  to  th e ir  e v e n tu a l ad o p tio n  as s ta n d a rd  
m ethods in d iffe ren t co u n trie s . W ith  m ea t and  m ea t p ro d u c ts , p recisely  be­
cause of th e ir  rap id  p e r ish a b ility , th e  em phasis has been  on ra p id  m ethods of
S. d em o n stra tio n , w ith  re lia b ility  as th e  o th e r m a jo r c rite rio n .

As Salmonellae be long  to  th e  fam ily  Enterobacteriaceae, th e ir  d iffe ren tia ­
tion  from  o th e r G ram -n eg a tiv e  genera of the  fam ily  is o ften  d ifficu lt, e ith e r 
ow ing to  close an tig en ic  re la tio n sh ip  or sim ilar b eh av io u r in  biochem ical te s ts . 
In  a ty p ic a l in fection  S. a re  scarcely  d istingu ishab le  from  s tra in s  o f Citrobacter 
spp. an d  th e  A rizona  g roup . I f  such organism s especially  (Escherichia fre u n d ii, 
B e th esd a , B allerup) occu r in  th e  te s t  m a te ria l, th e  c u s to m a ry  assays for S. 
m ay  be m islead ing  an d  th e re fo re  sure d iagnostic  m e th o d s h av e  to  be u tilised  
to  p re v e n t erroneous co n d em n atio n  o f a p ro d u c t.

The va lue  of th e  O, an d  R  phage te s ts , especially  for c o m p lem en ta ry  la b o ra to ry  ex am i­
n a tio n s o f m ea t, was exam in ed  earlie r (Takács, 1964) on a to ta l  o f 455 m odel S. stra in s  rep re ­
sen tin g  68 sero types an d  belonging  to  th e  O -an tigen  groups of A—T . O f these  437 belonged to  
th e  m ost freq u e n t О-groups A—E4, hav ing  on ly  18, m ostly  single s tra in s , to  rep resen t th e  
О-groups F—T. P hage 0 t ly sed  95.4% of these  s tra in s , only 4.6% o f th e m  were re s is ta n t to  it 
while 1.7% of all exam ined  s tra in s  was re s is ta n t to  b o th  0 4 an d  R  phages.

In c e r ta in  cases all in te rn a tio n a lly  p rescribed  S .-te s ts  h av e  to  be perfo rm ­
ed, ch iefly  because o f e x p o rt reg u la tio n s. These in c lude  n o t on ly  th e  ISO 
D irec tions b u t  also the  p rescrip tio n s u n d e r th e  N a tio n a l F o rm u la ry  X I I I  
an d  U .S .P . X V III . T he p erfo rm ance  o f th e  Ox phage t e s t  fo r S. d e tec tio n  has 
been  o rdered  for all m e a t in spec tion  lab o ra to rie s  u n d e r  o u r com petence for 
several years  now.
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P hage Oj was iso la ted  and  described  fo r th e  f irs t  tim e in  1943, in con n ec tio n  w ith  ex am ­
in a tio n s  of S. para typh i В  (F e l ix  an d  Ca llo w , 1943). A ccording to  l ite ra ry  d a ta  i t  lyses 
th e  va rio u s salm onella  species to  d iffe ren t degrees (89—99.9% ), an d  p ro d u ces a m inor (0.5 — 
1 4 % ) nonspecific lysis o f ce rta in  Citrobacter a n d  Escherichia  s tra in s  (Se id e l , 1956; T h a l , 1957; 
K ie s e l w a l t e r , 1958; Com biesco  e t ah , 1958; K u n t e r  and  L e h m a n n , 1962; Schall , 1962; 
W e s s e l in o f f , 1961). Since i t  lyses th e  d ip h asic  A rizona s tra in s  as well (H e r s h e y  e t ah, 1943), 
th e  phage p lay s an  im p o r ta n t  role in th e  id en tif ic a tio n  of th is  genus. No ly tic  a c tiv ity  has ev er 
b een  observed  ou tside  th e  Enterobacteriaceae. Se id e l  (1956) reco m m en d ed  ad d itio n al te s t ­
in g  w ith  a  R  phage fo r s tra in s  re s is ta n t  to  Oj (R -phage  te s ts  were in tro d u c ed  in E a s t G erm any  
a t  th e  C entra l P hage T y p in g  L a b o ra to ry , W ernigerode).

E xperim en ta l

M ethod

P hage O x w as p ro p a g a te d  on cu ltu res  of S. pa ra typ h i В s tra in  309 (fu r­
th e r  on re fe rred  to  as В 309). A n in ocu lum  for p ro p ag a tio n  co n ta in in g  1 m l 
p h ag e  and  0.2 m l of a 24 -hour b ro th  cu ltu re  of s tra in  В 309 w as ad d ed  to  9 m l. 
liq u id  m edium  consisting  o f m e a t e x tra c t  -f- glucose -(- y e a s t e x tra c t  -f- p e p ­
to n e  (Ta k á c s , 1960). T he tu b e  c u ltu re s  w ere in c u b a te d  for 6 hours a t 37 °C, 
th e n  s to red  o v ern ig h t (1 8 —24 ho u rs) a t  + 4 °  C an d  n e x t  m o rn in g  cen trifuged  
a t  3000 r.p .m . for 30 m in u tes . T he s u p e rn a ta n t was w ith d raw n  w ith  a p ip e tte  
an d  h e a t- tre a te d  a t  60° C for 30 m in u te s  to  kill th e  su rv iv in g  В 309 organism s. 
S u rv iv a l w as checked  b y  s tre a k in g  on s la n t agar. T he t i t r e  o f  th e  phage w as 
d e te rm in ed  p rio r to  use as th e  h ig h es t phage d ilu tio n  s till p ro duc ing  easily  
v isib le  p laques on ag ar p la te  c u ltu re s  o f s tra in  В 309.

The phage co u n t can  also be dete rm in ed  b y  th e  p o u r-p la te  techn ique  
w ith  ag ar overlay  ( H e r s h e y  e t  al., 1943; P a l y u s i k , 1960; 1963). Two per c en t 
a g a r so lu tion  was p o u red  in to  a P e tr i  dish and  a fte r  i t  h a d  so lid ified  the  o v e r­
la y , con ta in in g  th e  p h ag e , th e  s tra in  В 309 and 1%  ag ar, w as p ou red  on to p . 
T h e  P e tr i dishes w ere th e n  in c u b a te d  for 16— 18 hours a t  37 °C. As in th is  
sy s te m  each phage p a rtic le  grow s in  iso la tion , each  in d iv id u a l p laque co rre ­
sponds to  one phage . O th ers  (S e d l á k  an d  R i s c h e , 1961) p o u red  0,2 m l o f a 
2 -h o u r b ro th  cu ltu re  o f s tra in  В 309 on the  surface o f th e  ag a r p la te  and , a f te r  
d ry in g , p laced  one d rop  each  from  seria l ten fo ld  d ilu tions o f  th e  phage (up to  
1 0 ~ 10) on a p la te  an d  in c u b a te d  i t  fo r 5 hours a t  37° C. P h ag e  suspensions used 
fo r ro u tin e  te s ts  shou ld  be su ffic ien tly  co n cen tra ted  to  p ro d u ce  p laques up to  a 
d ilu tio n  of 10-9 an d  th e  c ritica l te s t  d ilu tion  (CTD =  th e  h ig h est phage d ilu ­
tio n  s till capable o f p ro d u c in g  c o n flu e n t lysis o f s tra in  В 309) shou ld  be 10_ i— 
10~ 5.

In  th e  p re se n t s tu d ies  u n d ilu te d  phage w as used. T he b ac te ria l s tra in  
u sed  for phage p ro d u c tio n  w as in o cu la ted  in to  ab o u t 6 m l b ro th  and  in cu b a ted  
fo r 16 — 24 hours a t 37° C. O ne loopfu l (loop d iam e te r =  4 m m ) o f th e  cu ltu re  
w as tran sfe rred  to  th re e  sites o f  an  ag a r p la te  (m eat e x tra c t  -f- glucose -(-yeast
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Table I
B ehaviour of 4618 Salmonella  s tra in s  tow ards phages 0 ,  an d  R.

Salmonella species
No. of Phage-resistant Phage-sensitive

examined No. % No. %

S. cholerae-suis var. 
K unzendorf 1.442 53 3.67 1.389 96.33

S. anatum 958 861 89.87 97 10.13
M ore th a n S. derby 490 57 11.63 433 88.27
100 S. typh i-m urium 309 2 0.67 307 99.33
iso lations S. manhattan 281 27 9.60 254 90.40

S. abony 135 2 1.48 133 98.52
S. meleagridis 132 112 91.52 20 8.40
S. panam a 122 9 7.37 113 92.63

S. muenchen 62 28 45.16 34 54.84
S. cholerae-suis 57 6 10.52 51 89.48
S. london 49 28 57.14 21 42.86
S. gallinarum 45 14 31.11 31 68.89
S . heidelberg 44 14 31.81 30 68.19
S. enteritidis 41 25 60.97 16 39.03
S. bovis-morbificans 32 — — 32 100.00
S. bareilly 29 3 10.34 26 89.66
S. dublin 29 15 51.34 14 48.66
S. in f  antis 29 6 20.68 23 79.32

l o — io o S. typhi-suis 28 9 32.14 19 67.86
iso lations S. typh i-m urium  var. 

koppenhagen 26 1 3.84 25 96.16
S. typhi-suis var. 

Voldagsen 24 12 50.00 12 50.00
S. bredeney 23 — — 23 100.00
S. newport 21 1 4.76 20 95.24
S. minnesota 19 11 57.89 8 42.11
S. abortus-bovis 12 — — 12 100.00
S. kingston var. koppen­

hagen 12 11 91.66 1 8.34
S. muenster 11 11 100.00 — _
S. worthington 11 6 54.54 5 45.46

S. ivesthampton 10 10 100.00
S. newington 9 9 100.00 — —

S. Stanleyville 8 — — 8 100.00
S. taksony 8 3 37.50 5 62.50
S. 4.12 d .~ 8 — — 8 100.00
S. isangi 7 3 42.85 4 57.15
S. reading 7 1 14.28 6 85.72
S. thompson 7 — — 7 100.00
S. cholerae-suis var. 

Am erika 6 6 100.00

3— 10
S. senftenberg var. 

newcastle 6 6 100.00
isolations S. schleissheim 6 6 100.00 _ _

S. cubana 5 1 20.00 4 80.00
S. give 5 4 80.00 1 20.00
S. brandenburg 4 — — 4 100.00
S. moscow 4 1 25.00 3 75.00
S . senftenberg 4 4 100.00 — —

S. Stanley 4 — — 4 100.00
S. abortus-ovis 3 1 33.33 2 60.66
S. ehester 3 — — 3 100.00
S. kottbus 3 1 33.33 2 66.66
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Table I  (con t.)

S a lm onella  species
N o. o f 
strains 

examined

Phage-resistan t Phage-sensitive

N o. % No. %

S. livingstone 3 _ _ 3 100.00
S. montevideo 3 — — 3 100.00
S. saint-paul 3 — — 3 100.00

S. binza 2 2 100.00
S. budapest 2 1 50.00 1 50.00

2 S. California 2 — — 2 100.00
isolations S. p a ra typ h i-В  var. java 2 — — 2 100.00

S. preston 2 1 50.00 1 50.00
S. 6.7 fg  1.5 2 2 100.00 — —

S. bradford 1 1 100.00
S. blockley 1 1 100.00 — —
S. gallinarum -pullorum 1 — — 1 100.00

1 S. kapemba 1 1 100.00 — —
isolation S. manila 1 1 100.00 — —

S. oranienburg 1 1 100.00 — —
group  Cl type
unflagellated 1 — — 1 100.00

T otals 64 Salmonella 4.618 1.384 29.96 3.234 70.03
species

e x tra c t  +  p ep to n  -f- ag a r -f- gela tine ; T a k á c s , 1960). T he th ree  in o cu la tio n  
sites were spaced  as fa r  a p a r t  as possib le, e ith e r  a long  a s tra ig h t line or a t  th e  
p o in ts  of an im ag in a ry  tr ian g le ; in th e  la t te r  case th e  b o tto m  le ft p o in t w as 
reserved  for th e  te s tin g  o f phage 0-,, b o tto m  rig h t fo r th e  te s tin g  o f phage R 
an d  th e  to p  p o in t fo r th e  neg a tiv e  co n tro l (b ro th  c u ltu re  of th e  s tra in  w ith o u t 
phage). T hus f irs t one d rop  of b ro th  cu ltu re  was tra n s fe r re d  w ith  th e  loop to  
each  inocu la tion  s ite , a n d  a f te r  d ry ing , one drop  each  o f  th e  an d  R  phage 
suspensions was p laced  on th e  a p p ro p ria te  sites w ith  a 2 m m  loop. A n o th e r 
m eth o d  is to  inocu late  densely  th e  ag ar surface w ith  ino cu la  from  the  b ro th  cu ltu re  
o f th e  s tra in ; in  th is  case one d rop  of th e  phage susp en sio n  is tra n s fe rre d  to  
th e  p la te  w ith  a P a s te u r  p ip e tte  a fte r  th e  inocula  h av e  d ried . E ith e r  th e  re su lts  
are read  a fte r in c u b a tio n  for 16 —24 h ours a t  37° C, o r tw o read ings are m ade, 
th e  f irs t a f te r  6 h ou rs in c u b a tio n , th e  second a fte r  18— 24 hours in c u b a tio n  a t  
+  4° C. R eadings are  p erfo rm ed  e ith e r  w ith  a h a n d  lens (8— 10 X ) in  ob lique  
lig h t or w ith  a co lony  m icroscope.

The presence o f  opaque  lysis an d  p laques o f v a rio u s  n u m b ers  an d  sizes 
is regarded  as a po sitiv e  re su lt.

In  u rg e n t cases, ra p id  diagnosis can be m ade b y  tran sfe rr in g  S.-like 
colonies from  th e  se lec tive  m edia  to  D rigalsk i agar, e ith e r  d irec tly  w ith  a loop 
or a fte r suspend ing  in  m ax im u m  1 m l b ro th . One d ro p  o f phage is th e n  ap p lied  
w ith  a P a s te u r  p ip e tte  a n d  phage effect can  be re a d  a f te r  6 hours o f in c u b a tio n .
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N egative results cannot, however, be accepted unless confirm ed by t he usua  
te s t  procedure.

I f  there is suspicion of a S. typh i  infection, phage V i (I and IV) should  
also be included in the test, because several S. typhi  are resistant to phages 
Oj and R.

Test procedures for phage R are the same as above, except that it  is 
grown on the propagating strains S. PR U 1233.

M aterial

Phag es Oj and R have been used for routine S .-d iagnosis in this lab o­
ratory since 1965 and a total o f 4618 S. strains were te sted  w ith  them  up to  
the end of 1970. A ll tests were carried out w ith 16-hour or 24-hour broth  
cultures as only these were found to  be suitable for routine purposes.

Results

The 4618 S. strains tested w ith  the phages belonged to  64 species. Phage 
effects on each species are sum m arized in Table I.

As can be seen 1384 strains (30% ) were phage resistan t and 3234 (70% ) 
were sensitive. The m ost frequent iso late was S. cholerae-suis var. Kunzendorf  
(more than 1000 isolations) and seven  other species —  S. anatum, S. derby , 
S. typhi-murium , S. manhattan , S . abony, S. meleagridis , and S. panam a  —

F ig. 1. T he resu lt o f Oj p hage  effect o f Salm onella  s tra in s  belonging to  th e  В serological О 
group. (A p p en d ix  of th e  I I  ta b le )  Щ  phage-sensitive; ||| p h ag e-re s is tan t
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Table II
Phage effect on 4618 Salmonella  s tra in s  o f 64 species classed  b y  serotype

Serotype S a lm o n e lla  species
No of 
strains 

examined

Phage-resistant Phage-sensitive

No. % No. %

S. derby 4 9 0 57 1 1 .6 3 4 3 3 8 8 .2 7
S. typ h i-m u riu m 3 0 9 2 0 .6 7 3 0 7 9 9 .3 3
S. abony 1 3 5 2 1 .4 8 1 33 9 8 .5 2
S. Heidelberg 4 4 14 3 1 .8 1 3 0 6 8 .1 9
S. typ h i-m u riu m  var.

koppenhagen 2 6 1 3 .8 4 25 9 6 .1 6
S. bredeney 2 3 — — 23 1 0 0 .0 0
S. abortus-bovis 12 — — 12 1 0 0 .0 0
S. kingston var.

koppenhagen 12 11 9 6 .6 6 1 8 .3 4
S. Stanleyville 8 — 8 1 0 0 .0 0

n S . 4 . 1 2  d — 8 — — 8 1 0 0 .0 0
S. reading 7 1 1 4 .2 8 6 8 5 .7 2
S. schleissheim 6 6 1 0 0 .0 0 — —

S. brandenburg 4 — — 4 1 0 0 .0 0
S . Stanley 4 — — 4 1 0 0 .0 0
S. abortus-ovis 3 1 3 3 .3 3 2 6 6 .6 6
S. ehester 3 — — 3 1 0 0 .0 0
S. sa in t-paul 3 — — 3 1 0 0 .0 0
S. budapest 2 1 5 0 .0 0 1 5 0 .0 0
S. California 2 — — 2 1 0 0 .0 0
S. p a ra ty p h i-В  var. java 2 — — 2 1 0 0 .0 0
S. preston 2 1 5 0 .0 0 1 5 0 .0 0
S. bradford 1 — — 1 1 0 0 .0 0

S. cholerae-suis var.
K u n zen d o rf 1 .4 4 2 53 3 .6 7 1 .3 8 9 9 6 .3 3

S. cholerae-suis 5 7 6 1 0 .5 2 51 8 9 .4 8
S. bareilly 2 9 3 1 0 .3 4 26 8 9 .6 6
S. in fan tis 2 9 6 2 0 .6 8 23 7 9 .3 2
S. typh i-su is 2 8 9 3 2 .1 4 19 6 7 .8 6
S. typh i-su is var. Voldagsen 2 4 12 5 0 .0 0 12 5 0 .0 0
S. isangi 7 3 4 2 .8 5 4 5 7 .1 5

c , S. thompson 7 — — 7 1 0 0 .0 0
S. cholerae-suis var.

A m erika 6 — — 6 1 0 0 .0 0
S. livingstone 3 — — 3 1 0 0 .0 0
S. montevideo 3 — — 3 1 0 0 .0 0
S. 6 ,7  / g  1 .5 2 2 1 0 0 .0 0 — —
S. Oranienburg 1 1 1 0 0 .0 0 — —
S. 6 .7  unflagellated 1 1 1 0 0 .0 0

S. m anhattan 2 81 27 9 .6 0 2 5 4 9 0 .4 0
S. muenchen 6 2 28 4 .5 1 6 34 5 4 .8 4
S. bovis-morbificans 3 2 — — 32 1 0 0 .0 0

c „ S. new port 21 i 4 .7 6 2 0 9 5 .2 4
S. kottbus 3 1 3 3 .3 3 2 6 6 .6 6
S. blockley 1 1 1 0 0 .0 0 — —

S. panam a 1 2 2 9 7 .3 7 1 13 9 2 .6 3
S. ga llinarum 4 5 14 3 1 .1 1 31 6 8 .8 9
S. enteritidis 41 25 6 0 .9 7 16 3 9 .0 3

I), S. dublin 2 9 15 5 1 .3 4 14 4 8 .6 6
S. moscow 4 1 2 5 .0 0 3 7 5 .0 0
S. ga llinarum -pullorum 1 — — 1 1 0 0 .0 0
S. kapemba 1 1 1 0 0 .0 0
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Serotype S a lm one lla  species
N o. of 
stra ins 

exam ined

Phage-resistant Phage-sensitive

No. % No. %

S. anatum 9 5 8 8 6 1 8 9 .8 7 9 7 1 0 .1 3
S. meleagridis 1 3 2 1 1 2 9 1 .5 2 2 0 8 .4 8
S. london 4 9 28 5 7 .1 4 2 1 4 2 .8 6

E i S. muenster 11 11 1 0 0 .0 0 — —

S. westhampton 10 10 1 0 0 .0 0 — —

S. give 5 4 8 0 .0 0 1 2 0 .0 0

S. newington 9 9 1 0 0 .0 0
E„ S. binza 2 2 1 0 0 .0 0 — —

S. m anila 1 1 1 0 0 .0 0 — —

e 4
S. taksony  
S. senftenberg var.

8 3 3 7 .5 0 5 6 2 .5 0

newcastle 6 6 1 0 0 .0 0 — —

S. senftenberg 4 4 1 0 0 .0 0 — —

g 2 S. worthington 11 6 5 4 .5 4 5 4 5 .4 6
S. cubana 5 1 2 0 .0 0 4 8 0 .0 0

L S. minnesota 19 11 5 7 .8 9 8 4 2 .1 1

T ota ls 6 4  Salmonella
species

4 .6 1 8 1 .3 8 4 2 9 .9 6 3 .2 3 4 7 0 .0 3

Fig. 2. T he resu lt of O x phage effect of Salm onella  s tra in s  belonging to  th e  serological О 
group. (A ppend ix  of the  I I  tab le ) p j phage-sensitive; ||| p h ag e-re s is tan t
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Fig. 3. The result of Oj phage effect of Salmonella strains belonging to the E  serological О 
group. (A ppendix of the II table) C D  phage-sensitive; ||| phage-resistant
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Fig. 4. The result of Oj phage effect of Salmonella strains belonging to the D, G and L sero­
logical О groups. (A ppendix  of the I I  table) Г П  phage-sensitive; ||| phage-resistant

w ere each  iso la ted  in  m ore  th a n  100 cases, 10 species in  10— 100 cases, 23 sp e ­
cies in  3 — 10 cases, 6 species each in  tw o  cases an d  7 species each in  a single 
case.

As to  O -an tig en  d is tr ib u tio n , 22 species be longed  to  group B, 14 to  C4, 
6 to  C2, 7 to  D l5 6 to  E 1? 3 to  E 2, 3 to  E 4, 2 to  G 2 an d  one to  L.
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Species grouped  accord ing  to  th e  frequency  of O -serogroups are  show n 
in  T ab le  I I ,  along w ith  num erica l an d  p e rcen tu a l d a ta  for phage se n s itiv ity  
an d  res is tan ce  w ith in  each  group. T he p ro p o rtio n s  o f phage-positive  an d  p h ag e ­
n eg a tiv e  s tra in s  d iffered  betw een  th e  O -groups.

To b e tte r  v isualize th e  d is tr ib u tio n  o f phage-sensitive and  - re s is ta n t s tra in s  
w ith in  species and  О groups, d iag ram s w ere d raw n fo r each  serog roup  (Figs 
1, 2, 3, 4). T able I I  inc ludes th e  d a ta  on ly  o f those s tra in s  of w hich  m ore th a n  
tw o iso la tio n s were m ade , or tw o iso la tio n s only , b u t  phage te s t  w ere u n e q u i­
v o ca lly  p o sitive  or neg a tiv e .

T ab le  I I I  and F ig . 5 show  th e  d is tr ib u tio n  of p hage-sensitive  and  -res is t­
a n t  s tra in s  w ith in  each  О -group . As can  be seen, te s ts  w ith  phages O x an d  R  
w ere effective w ith  91 .2%  of B , 9 4 .2 %  o f C15 85 .5%  o f C2, an d  73 .3%

•/.

Fig. 5. G rap h ica l p re sen ta tio n  of d a ta  from  T ab le  3. Щ  %  of phage-sensitive  s tra in s ;  ||] %  of
p h a g e -re s is tan t stra ins

Table I I I

D is tr ib u tio n  by  serotype of 1384 phage-resis tan t and  3234 phage-sensitive Salm onella  stra ins

Serotype
No of 
strains 

examined

Phage-resistant Phage- sensitive

No. 6z•vP

в 1 .1 0 6 9 7 8 ,7 8 1 .0 0 9 9 1 ,2 2

c i 1 .6 3 9 9 5 5 ,8 0 1 .5 4 4 9 4 ,2 0

c2 4 0 0 5 8 1 4 .9 0 3 4 2 8 5 .5 0

D. 2 4 3 6 5 2 6 .7 5 1 78 7 3 .2 5

Ei 1 .1 6 5 1 .0 2 6 8 8 .0 6 1 3 9 1 1 .9 4

E- 12 12 1 0 0 .0 0

E i 18 13 7 2 .2 2 5 2 7 .7 8

G, 16 7 4 9 .3 8 9 5 0 .6 2

L 19 11 5 7 .8 9 8 4 2 .1 1

Totals 4 .6 1 8 1 .3 8 4 3 .2 3 4
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Tabic IV

N um erical and p e rce n tu a l d is trib u tio n  of 3234 s tra in s  according to  phages O , and R

D istribution of phage sensitive strains

Serologi­
cal

group
0

Salm onella  species

No. of 
phage 

sensitive 
strains 

examined

Sensitive tow ard 
phage Oj 

R esistant to ­
ward phage R

Sensitive to ­
ward phage Ot 
Sensitive toward 

pliage R

Resistant tow ard 
phage O, 

Sensitive tow ard 
phage R

No. О //о No. % No. %

S. derby 4 3 3 4 3 1 9 9 .5 4 2 0 .4 6
S. typ h i-m u riu m 3 0 7 3 0 7 1 0 0 .0 0 — — — —
S. abony 1 33 133 1 0 0 .0 0 — — — —
S. Heidelberg 3 0 2 9 9 6 .6 6 1 3 .3 4 — —
S. typ h i-m u riu m  var. 

koppenhagen 25 25 1 0 0 .0 0 _ _
S. bredeney 2 3 2 3 1 0 0 .0 0 — — — —
S. abortus-bovis 12 12 1 0 0 .0 0 — — — —
S. kingston var. 

koppenhagen 1 1 1 0 0 .0 0 _ _
S. Stanleyville 8 8 1 0 0 .0 0 — — — —
S. 4 .1 2  d — 8 8 1 0 0 .0 0 — — — —

в S. reading 6 6 1 0 0 .0 0 — — — —
S. brandenburg 4 4 1 0 0 .0 0 — — — —
S. Stanley 4 4 1 0 0 .0 0 — — — —
S. abortus-ovis 2 2 1 0 0 .0 0 — — — —
S. ehester 3 3 1 0 0 .0 0 — — — —
S. saint-paul 3 3 1 0 0 .0 0 — — — —
S. budapest 1 1 1 0 0 .0 0 — — — —
S. california 2 2 1 0 0 .0 0 — — — —
S. p a ra typ h i-В  var. java 2 2 1 0 0 .0 0 — — — —
S. preston 1 1 1 0 0 .0 0 — — — —
S. bradford 1 1 1 0 0 .0 0 — — — —

S. cholerae-suis var. 
K un zen d o rf 1 .3 8 9 1 .3 7 1 9 8 .7 0 10 0 .7 2 8 0 .5 8

S. cholerae-suis 51 5 0 9 8 .0 3 — — 1 1 .9 7
S. bareilly 2 6 2 6 1 0 0 .0 0 — — — —
S. in fantis 23 2 2 9 5 .6 5 1 4 .3 5 — —
S. typhi-suis 19 19 1 0 0 .0 0 — — — —

Cx S. typh i-su is var. 
Voldagsen 12 12 1 0 0 .0 0 _ _

S. isangi 4 4 100.00 — — — —
S. thompson 7 7 1 0 0 .0 0 — — — —
S. cholerae-suis var. 

A m erika 6 6 1 0 0 .0 0
S. livingstone 3 3 1 0 0 .0 0 — — — —
S. montevideo 3 3 1 0 0 .0 0 — — — —
S. 6.7 unflagellated 1 1 1 0 0 .0 0 — — — —

S. manhattan 2 5 4 2 5 2 9 9 .2 2 2 0 .7 8
S. muenchen 3 4 3 2 9 4 .1 3 — — 2 5 .8 7

Сг S. bovis-morbificans 3 2 3 2 1 0 0 .0 0 — — —
S. newport 20 2 0 1 0 0 .0 0 — — —
S. kottbus 2 2 1 0 0 .0 0 — — -■--

S. anatum 9 7 9 6 9 8 .9 7 1 1 .0 3

E i S. meleagridis
\

2 0 2 0 1 0 0 .0 0 — '
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Serological
group

0
S a lm one lla  species

No. of 
phage 

sensitive 
strains 

examined

Distribu

Sensitive toward 
phage Ox 

R esistant toward 
phage R

tion of phage sensitive strains

Sensitive toward Resistant toward 
phage Ox phage Ox 

Sensitive toward Sensitive toward 
phage R phage R

No. % No. % No. %

S. london 21 21 1 0 0 .0 0
S. give 1 1 1 0 0 .0 0 — — — —

e 4 S. taksony 5 5 1 0 0 .0 0 - — — —

S . panam a 1 1 3 1 1 3 1 0 0 .0 0
S. gallinarum 31 31 1 0 0 .0 0 — — — —

D. S. enteritidis 1 6 16 1 0 0 .0 0 — — — —

S. dublin 1 4 14 1 0 0 .0 0 — — — —

S. mo scow 3 3 1 0 0 .0 0 — — — —

S. gallinarum -pullorum 1 1 1 0 0 .0 0 — — — —

S. Worthington 5 5 1 0 0 .0 0
C2 S. cubana 4 4 1 0 0 .0 0 — — — —

L S. minnesota 8 8 1 0 0 .0 0 - - — —

T otals 5 2  Salmonella 3 .2 3 4 3 .2 0 6 9 9 .1 3 16 0 .4 9 12 0 .3 7
s p e c i e s

of D j an tig en s, w hereas in  О -groups E 1, E 2, E 4, G 2 and  L , especially  in th e  
f irs t th ree , m an y  s tra in s  were re s is ta n t to  b o th  phages. In  p e rcen tu a l te rm s , 
88.1, 100 an d  7 2 .2%  o f th e  s tra in s  b e lo n g in g  to  th e  groups E 4, E ,  and  E  , w ere 
p h a g e -re s is ta n t. In  th e  О-groups G 2 a n d  L , th e  respective  p ercen tag es w ere 
50.6 an d  42 .1% .

T ab le  IV  show s th e  d iagnostic  v a lu e s  o f  th e  0 4 and  R phage te s ts  on th e  
basis o f n u m erica l an d  p e rcen tu a l d a ta  fo r th e  3234 phage-sensitive  s tra in s . 
D a ta  for phages a re  show n sep a ra te ly  a n d  to g e th e r.

A m ong th e  3234 S. s tra in s  re a c tin g  w ith  phage, 99 .1%  w ere O j-positive , 
0 .5 %  Oj and  R , an d  0 .4%  were lysed  b y  th e  R  phage only . P e rcen tag e  is so 
low  th a t  a d d itio n a l R -phage te s ts  do n o t  seem  necessary  for ro u tin e  pu rposes.

D iscussion

Sure d iagnosis of S. is h am p ered  b y  an tig en ic  re la tio n sh ip  w ith  o th e r  
genera of th e  fam ily  E n te ro b ac te riaceae , especia lly  A rizona  and  Citrobacter. 
F o r th is  reason , com pletion  of the  u su a l serological and  b iochem ical te s ts  b y  
ty p in g  w ith  0 4 an d  R  phages has been  p ro p o sed  since 1964. The in fo rm a tio n  
em erg ing  from  re la te d  ex perim en ts c o n d u c te d  in  th e  m ean tim e seems to  be 
w o rth  of p u b lica tio n , because th e  effec ts  an d  d iagnostic  v a lue  of 0 4 an d  R
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p hages were since te s te d  on as m an y  as 4618 S. s tra in s  over a fiv e -y ea r period  
(1965— 1970). I t  w as found  th a t  phage ty p in g  is of a g rea t d iagnostic  v a lu e  in  
th e  case of S. s tra in s  belong ing  to  th e  O -serogroups B, Cl5 C2 and  D 4, w hile  o f  
l i t t le  or no v alue  in  th e  case o f О -group Е 4, E 2 and  E 4 s tra in s , m ost of w hich  a re  
p h a g e -re s is ta n t, an d  o f d o u b tfu l v a lue  in  th e  groups G 2 an d  L, in w h ich  th e  
sen sitive  and  re s is ta n t s tra in s  are.

S . kingston  v a r . kopenhagen  an d  S. schleissheim  in group B, are  p h ag e- 
re s is ta n t, b u t  th e  overw helm ing  m a jo rity  are  sensitive. A m ong th e  C4 S . cho- 
lerae-su isvar. K u nzendorf, th e  m ost f re q u e n t salm onella in H u n g ary , is a lm o s t 
a lw ays lysed. T he phage sen s itiv ity  an d  resis tan ce  of S. typ h i suis v ar. V oldag­
sen s tra in s  w as 5 0 % . Tw o s tra in s  o f a n tig en ic  s tru c tu re  6.7 fg 1.5 w ere phage- 
re s is ta n t. M any C4 s tra in s  alw ays ly sed , as can  be seen from  F ig . 2b. In  g ro u p  
C ,, 45 .2%  of S . m uenchen  s tra in s  an d  3 3 .3%  o f S. kottbus s tra in s  w ere p h a g e - 
re s is ta n t, b u t  th e  re s t w ere all sensitive . In  g roup  E 1; th e  percen tages o f  p h ag e  
re s is ta n t  s tra in s  w ere 89 .9%  for S . a n a tu m , 91 .5%  for S . meleagridis, 5 7 .1 %  
fo r S . london , 100%  each for S. m uenster an d  S. w estham pton , and  80 %  fo r 
S . give. In  g roup  E 4, 37 .5%  o f S . taksony  s tra in s , b u t S . senftenberg v a r . new- 
castle an d  S . senftenberg w ere p h a g e -re s is ta n t. R esistance percen tages in  th e  
O -serogroup  Dj w ere 31 .1%  for S . g a llin a ru m , 61%  for S . enteritidis , 5 1 .3%  
fo r S . dublin , 25 %  for S . moscow and  7 .4 %  for S. panam a. A m ong th e  g ro u p  
G 2 s tra in s , 54.2 an d  20%  of S . Worthington an d  S. cubana, re sp ec tiv e ly , w ere 
re s is ta n t, and  in th e  O -serogroup L, 57 .9%  o f th e  S. m innesota  s tra in s  w ere n o t  
ly sed  b y  th e  phage.

A lto g e th e r 30%  (1384 stra in s) o f th e  4618 S. iso lates were p h ag e-res is t-
a n t.

99 .6%  o f a ll sensitive  s tra in s  w ere ly sed  by  th e  0 4 phage and  0 .4 %  b y  
th e  R  phage, th u s  th e  la t te r  should  n o t be ob liga to rily  used for d iag n o stic  
p h ag e  te s ts .

Phage ty p in g  is a va lu ab le  co m p lem en ta ry  te s t in  m ea t e x am in a tio n s  
fo r S. I ts  s im p lic ity  an d  econom icalness are  g rea t a d v an tag es . I t  c a n n o t, o f  
course, su b s titu te  th e  b iochem ical an d  serological (agg lu tin a tio n ) te s ts , b u t  
g re a tly  fac ilita te s  ty p in g  w herever serological reac tions w ith  p o ly v a len t se ra  
are  do u b tfu l.

The use o f p hages in  S. d iagnostics reso lves the  p rob lem  of the  d iffe re n ­
t ia tio n  of Bethesda-B allerup  species from  S., because the  fo rm er are  n e v e r  
ly sed  by  th e  0 4 p h ag e . As th e  d iphasic  s tra in s  of the  genus A rizona  a re  sen s i­
tiv e  to  0 4 th e y  c an n o t be d iffe ren tia ted  from  S. b y  the  phage te s t  alone, o n ly  
serologically  (ag g lu tin a tio n  reac tio n ) because  an tigen ica lly  th e y  do n o t  f i t  in 
w ith  th e  K au ffm an -W h ite  schem e. A lso, A rizona s tra in s  decom pose lac to se  
w ith  some de lay , do n o t fe rm en t d u lc ito l a n d  liquefy  gela tine .

Phage ty p in g  is especially  a d v a n ta g e o u s  if  the  S. grow in R -ty p e  colo­
n ies, w hich c an n o t be used  for ag g lu tin a tio n  te s t. C om plem entary  phage te s ts
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along w ith  p o ly v a le n t sera g rea tly  fa c ilita te  serial d iagnosis in th e  case o f 
o u tb reak s  caused  b y  S.

T y p in g  w ih t O x phage is useful for th e  d iagnosis o f S. s tra in s  w hich h av e  
lost th e  f lag e lla r s tru c tu re , if  th e  s tra in  u n d e r ex am in a tio n  is n o t a g g lu tin a te d  
b y  A — E -f-L — О serum , b u t behaves b iochem ically  like a S.

Citrobacter can be d iffe ren tia ted  from  S. on th e  basis o f  grow th in  K C N  
m edium , an d  b eh av io u r in the  lysin  d ecarb o x y lase  an d  O j-phage te s ts . U n ­
like S. s tra in s , Citrobacter do n o t grow in K CN  m edium , b u t  th e ir  ly sine  d e ­
carboxy lase  te s t  is positive, and  m ost o f th em  are lysed  b y  th e  phage О х. 
The b iochem ical subgroup  I differ from  th e  su bgroup  I I I  A rizona  s tra in s  b y  
lack  of lac tose  decom position , liq u e fac tio n  o f g e la tine , b eh av io u r in th e  m alo- 
n a te  te s t  an d  decom position  of d u lc ito l an d  d - ta r ta ra te .  I t  should  b e , o f  
course, alw ays ta k e n  in to  consideration  th a t  like S. s tra in s , also A rizona  s tra in s  
are ly sed  b y  th e  phage Op

SU M M A RY

T he va lue  o f phages 0 X and  R  in sa lm onella  diagnosis w as ex am in ed  on 4618 sa lm o n e lla  
stra in s , o u t o f w h ich  70%  were sensitive. M ost s tra in s  o f th e  serological groups B, C4, C 2 a n d  
D„ were p h ag e-sensitive , b u t  th e  g reat m a jo rity  of E , , E._, an d  E 4 s tra in s  w ere w holly or p a r tia l ly  
re s is tan t. In  g roups G 2 and  L, th e  p rop o rtio n s o f p h ag e-sen sitiv e  an d  re s is ta n t s tra in s  w ere 
ro u g h ly  h a lf  by  half. D a ta  of the  beh av io u r of th e  in d iv id u a l sa lm onella  species tow ards p h ag es 
Oj an d  R  are  show n in  T ables and F igures. As am ong  th e  large  n u m b er o f sensitive s tra in s  
exam in ed , 99 ,9%  w ere lysed  by  phage 0 4 an d  on ly  0 ,4%  by  phage R , th e  la t te r  should  n o t  be 
ob lig a to rily  used  fo r ro u tin e  d iagnostic  ex am in a tio n s  for salm onella . T y p in g  by  phage Oj is, 
how ever, reco m m en d ed  as a reliable co m p lem en ta ry  te s t  o f ro u tin e  salm onella  d iagnosis , 
especially  fo r d iffe re n tia tio n  from  th e  Bethesda-Ballerup  s tra in s  o f th e  genus Citrobacter, w h ich  
are never lysed  by  O x. T he Ox phage te s t  is also u sefu l fo r th e  d iffe ren tia tio n  of d iphasic A rizo n a  
species w hich , a lth o u g h  th ey  are sensitive to  as well, how ever, th e y  d iffer from  sa lm onellae  
in re sp ec t o f b e h av io u r in  o th er tests.
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INCIDENCE OF SALMONELLAE IN FOOD PRODUCTS 
OF ANIMAL ORIGIN IN 1969-1970

By

J .  T a k á c s  an d  G. B. N a g y

C entral L a b o ra to ry  (H ead : J .  T akács), V e te rin a ry  M eat In sp ec tio n  Service, B u d a p e s t

(R eceived  A pril 15, 1972)

D a ta  on th e  incidence o f Salm onellae in food p ro d u c ts  o rig inating  from  
anim als in 1969/70 are rep o rted  along w ith  re la te d  s ta tis tic s  from  v e te r in a ry  
in s titu te s  for th e  in fo rm ation  of w orkers engaged  on th e  salm onella p rob lem .

A to ta l  o f 1 778 salm onella s tra in s  w ere iso la ted  and  ty p e d  over th e  
tw o-year p erio d . T he incidence of salm onellae  in th e  v a rio u s  sam pled m a te ria ls  
can be seen from  T ab le  I.

The d is tr ib u tio n  of species in th e  various sam ples is shown in T ab le  I I .
Salm onella  cholerae-suis v a r. K u n zen d o r f  was iso la ted , w ith  the  h ig h e s t 

frequency , follow ed in o rder by  S. ana tum , S . derby an d  S . typ h i-m u riu m . I t  
shoidd he n o te d  th a t  in several o th e r  coun tries  S. typ h i-m u riu m  heads th e  lis t. 
E ach  of th e  above species was iso la ted  from  m ore th a n  100 sam ples a n d  a l­
to g e th e r 43 species were iso la ted  from  th e  d iffe ren t te s t  m ateria l.

The d is tr ib u tio n  of salm onella  species an d  se ro ty p es found in th e  course 
of b acterio log ical ex am in a tio n s of s la u g h te r  pigs, c a ttle  and  po id try  is show n 
in T able 3.

A lto g e th e r 19 species were iso la ted  from  pigs 14 from  beef c a ttle , th re e  
from  calves, fo u r from  horses, seven from  chickens, one each  from  tu rk e y s  a n d  
geese, and  tw o  each  from  ducks an d  pigeons. I t  follows th a t  swine are  s till 
the  m ain  rese rv o ir  o f salm onellae in  H u n g a ry , th o u g h  c a ttle  also seem  to  he 
im p o rta n t in th is  re sp ec t. A q u a tic  fow l ca rry  ch iefly  S . typh i-m urium . F ro m  
hogs S . cholerae-suis v a r . K u n zen d o rf  w as th e  co m m onest isolate (646 cases).

A b re a k  dow n of the  salm onella  species an d  se ro ty p es cu ltu red  from  v a r ­
ious m eat p ro d u c ts  and m iscellaneous m ate ria ls  o f an im al or o ther orig in  is 
p resen ted  in  T ab le  IV .

The g re a te s t  n u m b er of sa lm onella  species w ere iso la ted  from  raw  m e a t. 
O th er raw  m a te ria ls  o f an im al or o th e r  origin co n ta in ed  17 species, sa lte d , 
cold-sm oked an d  d ried  m eat p ro d u c ts  16, sam ples ex am in ed  in the  course o f 
(rou tine) m e a t in sp ec tio n  12, w hile 9 species each  w ere iso lated  from  sem i- 
cooked an d  cooked  m ea t p ro d u c ts , 6 each  from  liv e r an d  m eatm eal, a n d  one 
from  bacon .

Species o rig in a tin g  from  an im a l p ro te in  feeds belonged exclusively  to
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Table I

D istrib u tio n  or sa lm onella  isolated in  v a rio u s te s t  m aterials in 1969— 1970

Class Origin No. of contam ­
inated 

samples

Percentage of 
all isolations 

(1 778)M a t e r i a l

hogs 820 46.11
c a ttle 34 1.91
calf 7 0.39

C om plem entary horse 6 0.33
bacterio log ical m ea t h en , chicken 29 1.63

ex am ination tu rk ey 4 0.22
goose 15 0.84
duck 6 0.33
pigeon 6 0.33

M eat p roducts and sa lted , sm oked and
sam ples from  m eat dried  m eat p ro d u c ts 278 15.65
processing p lan ts sem i-finished

m ea t products 86 4.83
m e a t p roducts read y

fo r sale 13 0.73
sam ples for m eat

inspection 105 5.92

R aw  m ateria ls for liv e r 32 1.79
m e a t in d u stry m ea t 254 14.28

lard 1 0.05

Pro te ineous m e a t m eal 17 0.95
an im al feed

O th e r m ateria ls of
an im al or o th er origin 65 3.65

O -an tig en  groups B, Cl5 E l5 E 4 and  G 2, b u t  th is  re la tiv e ly  fav o u rab le  re su lt 
m a y  have been  due to  th e  lack  of reg u la r sa lm onella  ex am in a tio n s in  th e  period 
in  q uestion .

A b reak  dow n o f se ro ty p es by  te s t  m a te r ia l  is show n in  T ab le  У.
T he fram ed  fig u res  in th e  tab le  in d ic a te  the  sero ty p e  occu rring  m ost 

f re q u e n tly  in  th e  g iven  h ost species. I t  shou ld  be n o ted  th a t  salm onella  of 
g roup  E 4 p re d o m in a te d  in  b o th  m ea t p ro d u c ts  and in th e  hyg ien ic  contro l 
ex a m in a tio n s  of m ea t p rocessing p la n ts .

D iscussion

The com m onest iso la te  from  th e  e x a m in e d  range of te s t  m a te ria ls  in th e  
p e rio d  1969— 1970 w as S. cholerae-suis v a r .  kunzendorf (38 .8% ) follow ed in 
freq u en cy  b y  S . ana tum  (15.1% ) S. derby (11 .9% ), S . typ h i-m u riu m  (6 .9% ), 
S . m eleagridis (5 .6% ) a n d  S . panam a  (2 .7 % ).

The iso la ted  sa lm onella  s tra in s  all be lo n g ed  to  one or o th e r  of th e  O -an ­
tig e n  groups B, C15 C2, D j, E 15 E 4, G 2 a n d  L.
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Table II

D istribu tion  o f salm onella species in sam ples ex am ined  in 1969—1970

S alm onella  species
N o  of 

iso lations
P e rcen tag e  

o f a ll iso la­
t io n s  (1 778)

S . cholerae-suis var. K u n zen d o rf 689 38.75
More th a n S . anatum 269 15.12

100 cases S . derby 211 11.87
S. typh i-m urium 123 6.91

S . melagridis 100 5.62
S . panam a 51 2.86
S . gallinarum 32 1.79
S. cholerae-suis 30 1.68
S . heidelberg 28 1.57

10— 100 cases S. minnesota 19 1.06
S . in fan tis 19 1.06
S. typhi-suis 19 1.06
S. muenchen 18 1.01
S. enteritidis 16 0.89
S . abony 14 0.78
S. bovis-morbificans 14 0.78
S . newport 13 0.73
S. typhi-suis var. Voldagsen 11 0.61
S . westhampton 10 0.56

S . abortus-bovis 9 0.50
S . manhattan 9 0.50
S. typh i-m urium  var koppenhagen 8 0.44

3 — 10 cases O -antigen sero type В 4,12 d- 8 0.44
S. dublin 7 0.39
S . Worthington 7 0.39
S. isangi 6 0.33
S . bareilly 5 0.28
S . muenster 4 0.22
S. Stanley 4 0.22
S . senftenberg var. newcastle 4 0.22
S . thompson 4 0.22

S . brandenburg 2 0.11
S . cholerae-suis var. A m erika 2 0.11

2 cases S . cubana 2 0.11
S. p a ra typ h i-В  var. ja va 2 0.11
S . reading 2 0.11

S . blockley 1 0.05
S. ehester 1 0.05
S . gallinarum -pullorum 1 0.05
S . kapemba 1 0.05

1 case S . kingston var. koppenhagen 1 0.05
S . saint-paul 1 0.05
O -antigen  serotype Cx 1 0.05
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Table III
Salm onella stra ins iso la ted  a t  bacterio logical m ea t inspection of s lau g h te r  anim als

P*g I cattle
Salmonella species and j ; .--------------;--------------j--------

serotype O-antigen > 10  3 —10 | 2 J 1 | 3 10 2 j  1

c a s e s

S. abony _ _ _ _ _ _ 1
S. abortus-bovis 5 — — — — 1
S. brandenburg — - — 1 — — —
S. derby 37 — — — — — 1

в S . Heidelberg — 4 — — — — —
S. para typhi-B  var. ja v a - — — — — — 1
S. reading — — 1 — — —
S. Stanley — — 2 — — — —
S. typhi-m urium  

S. typhi-m urium  var.
— 8 — — 9 — —

koppenhagen — — — 1 — - —

S. bareilly — — — 1 — — —
S. cholerae-suis 2 5 — — — — 2 —
S. cholerae-suis var.

A m erica — — 2 — — — —

S. cholerae-suis var.

K u n zen d o rf 646 — — — 6 — —

C, S. infantis — 4 — — — — —
S. isangi — — — — — — 1
S. thompson — — — — — 2 —
S. typhi-suis 

S. typhi-suis var.
17 — — — — — —

Voldagsen — 10 — — — — —

C2 S. bovis-morbificans — — — — — — —

S. dublin — — — — 4 — —

D. S. enleritidis — — — — — — 1
S. gallinarum — — — — — — —
S. gallinarum -pullorum — — — — - — —
S. panama — 4 — — — 2 —

S. anatum 44 — — — — 2 —

Et S. meleagridis — 7 — — — -
S. muenster — — — — — 1

L S. minnesota — — — 1 — - -
N um ber of species iso lated 5 7 2 5 3 4 7

Total 19 species 14 species

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



IN CIDENCE OF SALMONELLAE 113

calf horse chicken turkey goose duck pigeon

3 - 1 0  ! 2 2 1 > 1 0 3 - 1 0  2 1 3 - 1 0 > 1 0 3 - 1 0  1 1 3 - 1 0  1

c a s e s

—

2

2

2

—

—

9

2

_

1

—

15 5

—

5

1

—

2

— 1

— —

—

1

—

—

—

—

—

—

— — - — — - — — 4 — — — — —

3

— —

—

13

-

2

1
—

—

—

— —

—

— — —

1

— — — — — — —

1

— —

— - 1 — — — — — — — — —

l 2 2 2 1 1 2 3 1 1 1 1 1 1

3 species 4 species 7 species 1 species 1 species 2 species 2 species
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Table IV
S alm onella  strains iso lated  from  m ea t p ro d u c ts  and  m iscellaneous m ate ria ls  o f an im al or o th er

orig in  in  1969— 1970

В

Salmonella species and O -antigen serotype

Salted, cold- 
smoked and 

dried m eat 
products

Semi-finished 
m eat products

> 1 0  1 3 — 10 2 1 > 1 0  1 3 — 10 2 I 1

S. abony 
S . abortus-bovis 
S. brandenbuTg 
S. ehester 
S. derby 
S. heidelberg
S . kingston var. koppenhagen 
S. paratyphi-В . var. java  
S. reading 
S. saint-paul 
S. Stanley 
S . typhi-murium
S . typhi-m urium  var. koppenhagen  
S . 4,12 d-

Ready made 
m eat 

products

83

14

17

Ci

C 2

C i

E i

4
G„

S . bareilly 
S . cholerae-suis
S . cholerae-suis var. K u n ze n d o r f  
S. infantis 
S . isangi 
S . typhi-suis
S . typhi-suis var. Voldagsen  
S . thompson
S . Cl О-group unflagellated

S . blockley 
S . bovis-morbificans 
S . manhattan 
S . muenchen 
S . newport

S . enteritidis 
S . gallinarum  
S. kapemba 
S . panama

S. anatum  
S . meleagridis 
S . muenster 
S . westhampton

13

82
45

29
17 — 1

S. senftenberg var. newcastle

S . cubana 
S . worthington

S . minnesota

N u m b er of species iso la ted

T o ta l for class o f sam ple

3

7 I 1

11

4 1

16 species 9 species 9 species
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Samples for rou­
tine m eat in­

spection

Raw  m aterials for m eat industry
P ro te­

inaceous 
anim al feed Miscellaneous

m aterial

m eat liver lard m eatm eal

> 1 0  | з— 10 1 2 1 > 1 0  |3 —10 1 2 1 1 1 > 10 3 10; 2 1 ( 1 3 - 1 0  2 1 > 10  3 - 1 0  ' 2 1

c a s e s

8 1 1 1
1

— 1

16 31 21 2
1

— — — — — — 2
1 —

— 2 — — — — — — 3 — —

1

1

11 30
2

11
5

— — 7 — — — — — _ — _ — — — — 1

1 1

3 27
2

1
— 3 — — — 5

3
— — — — — — — — — — — — — —

2 —
1

2 —

— — — — — 2
1

— — — — — — — — — 7 —
1

1
—

3
— — 13 — — — — — — — — — — 5 —

2 2
19

5

13 — —
1

17 — — — — — — 1 — — — — — — — —

36
4

— — 63
23

— — 4
3

—

1

1 — 2 — — — — —

10
2

— — — — — — — — — — — — — 4 — — — — — —

— — — — — — — — — — — — — 7
2

— — — — —

— — — _ — 4 — — — — — — — — — — — —

4 6 1 1 8 5 5 7 1 2 1 2 1 2 2 2 2 4 4 7

12 species 25 species 6 species 1 species 6 species 17 species
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Table У

D istrib u tio n  by  serotype O -antigen of salm onella stra in s  iso lated  in  1969 1970

Sam ples for co m p lem en ta ry  b acterio log ical m ea t e x am in a tio n  of 
s la u g h te r  an im als  an d  p o u ltry Sam ples from  m ea t processing p lan ts

S ero type
O -antigen

1
Soq ca

tt
le

ho
rs

e

ch
ic

ke
n

tu
rk

ey

go
os

e

du
ck

pi
ge

on

M eat p ro d ­
u c ts  sa lted , 
co ldsm oked 
a n d  d ried

Sem i f in ish ­
ed  m ea t 
p ro d u cts

R e a d y  
m ad e  m ea t 

p ro d u c ts

Sam ples for 
ro u tin e  

m e a t
in sp ek tio n

R aw
m ate ria ls  
for m ea t 
in d u s try

P ro te in ­
aceous 
an im al 

p ro te in  feed

M iscella­
neous

в 5 9 1 3 2 ~ П 1 2
-

1 5 5 6 1 0 9 2 5 * 4 0 9 9 l 2 0

c . 7 0 5 "
2 l 1 _ — — 1 0 3 2 6 3 7 l 7

c 2 — - — L 3 — — — 1 4 — — 3 2 0 — 1 4

D , 4 7 □ l -
1 6 — — — — 1 5 1 2 1 6 2 0 — 2 4

E i 5 1 3 — l — — — 1 — 1 2 7 4 6 5 4 0 1 0 7 2 —

Е» — — — — — — — — — — — — — — 4 —

g 2 — — — — __
— — — — — — — — - —

L 1 3 n — — 4 — —
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A ccording to  th e  find ings of bacterio log ical m e a t inspections a t  the  
a b a tto ir  the  p re d o m in a n t sero types w ere Cx in  hogs, В in  c a ttle , D in  calves, 
В in horses, I), ch ickens, C2 in tu rk e y s , and  В in  geese, ducks and  pigeons. 
In  th e  m ea t in d u s try  in  c o n tra s t g roup  s tra in s  p re d o m in a te d  am ong  iso­
la te s  from  sa lted , cold-sm oked and  d ried  p ro d u c ts  sem i-cooked and  cooked p ro d ­
u c ts  as well as sam ples sen t in for ro u tin e  m ea t in sp ec tio n  and  raw  m a te ria ls , 
th ro u g h  salm onellas o f g roup  В occu rred  in equal n u m b e rs  in  sam ples for m ea t 
in sp ec tio n . M ost salm onella  iso la ted  from  an im al p ro te in  co n ta in in g  feeds be­
longed  to  group G 2 an d  m ost o f tho se  from  m iscellaneous sam ples o f an im al 
or o th e r  origin to  g roup  D ,.

D uring  th e  tw o  y ea rs  S . para typh i-H  v a r. ja va  w as iso la ted  for th e  f irs t 
tim e  in  H u n g ary , in one case from  b e e f  ca ttle  an d  in th e  o th e r  case from  a sem i­
fin ish ed  p h a rm aceu tica l p ro d u c t. S . blockley was f ir s t  iso la ted  in  1970, from  
th e  surface of m ea t im p o rte d  from  R o m an ia . S . m innesota  h ad  likew ise n o t 
been iso la ted  before 1970, b u t  th e n  tu rn e d  up in 19 cases: th re e  tim es from  sm ok­
ed  p o rk  sausage, 11 tim es from  a sem i-cooked m ea t p ro d u c t, four tim es from  
th e  surface of raw  m e a t (tw o sam ples o f hom e origin a n d  tw o  sam ples o f m ea t 
im p o rte d  from  th e  G erm an  F ed era l R epub lic), and  once from  th e  com plem en­
ta ry  bacterio log ical m e a t ex am in a tio n  o f a hog. E ig h t iso la tions were m ade in 
1970 o f a salm onella s tra in  h av in g  an tig en ic  p a tte rn  4.12 d th a t  is a classified  
in th e  K au ffm an n -W h ite  schem e; som e of th e  iso la tes d eriv ed  from  th e  su r­
face of m eat im p o rted  from  th e  U .K ., an d  one from  a sam ple  o f unknow n  origin. 
S . kupém ba  was c u ltu re d  an a single occasion in  1970, in  th e  course o f m ea t 
hyg ien ic  inspection .

The ex p e rim en ta l d a ta  clearly  in d ica te  th a t  e ffo rts  fo r th e  p rev en tio n  
an d  con tro l o f salm onella  in fec tions can n o t be s lackened  fo r th e  tim e  being . 
T he p re p a ra tio n  o f an im als an d  p o u ltry  for s lau g h te r could  be g rea tly  im proved  
if  th e  v e te rin a rian  in charge  of th e  h e rd  or flock  w ere to  keep  th e  m ea t in sp ec to r 
on th e  a b a tto ir  in fo rm ed  o f th e  salm onella  s ta tu s  o f  th e  livestock . L ack  of 
such  in fo rm ation  ham p ers  th e  d e tec tio n  o f sym ptom less carrie rs  an d  ex cre to rs  
an d  m ay  even m ean  th a t  e ssen tia l hyg ien ic  m easures are  o m itte d  a t  th e  a b a t ­
to ir . P re v e n ta tio n  o f th e  sp read  of salm onella  in fec tions a t th e  slau g h te rh o u se  
req u ire s  very  rigorous d isin fection  o f hands an d  in s tru m e n ts , and  a series of 
o th e r  m easures n o t to  he described  here . I t  should  n ev erth e less  be p o in ted  ou t 
as a genera l p rincip le th a t  tra n s fe r  of in fections by  c o n ta c t w ith  a b a tto ir  p e r­
sonnel or in s tru m e n t should  be reduced  to  th e  m in im um . T he m ethods app lied  
shou ld  alw ays he sc ru tin ized  from  th is  angle and  all p o te n tia l  sources o f  con­
ta m in a tio n  should  be e lim in a ted . I f  th e  d a ta  p re sen ted  in  th is  p ap e r can  con­
tr ib u te  to  th e  fu lfilm en t o f th is  im p o r ta n t hygienic ta s k , we shall be c o n te n t 
to  h av e  achieved ou r o b jec t o f disclosing h idden  sources o f salm onellosis.
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SUM M ARY

F o rty -th ree  sa lm onella  species w ere iso lated  from  vario u s te s t  m a te ria ls  of an im al orig in  
in 1969— 70. M ost of th e  sam ples w ere su b m itte d  from  a b a tto ir  lab o ra to rie s , th e  re st from  v a r­
ious v e te rin a ry  in s titu tio n s . T he iso la tes belonged to  th e  O -an tigen  g roups B , Cl5 C2, D x, E t , 
E 4, G 2 and  L. O f th e  h o st species in v es tig a te d  hogs p ro v ed  to  be th e  m ain  reserv o ir o f salm o- 
n e lla s: 820 (46.1% ) of th e  exam in ed  slau g h te r  hogs w ere found  to  be c arrie rs  of 19 species of 
sa lm onella . As to  o th e r s lau g h te r  an im als and  p o u ltry , 14 species were iso la ted  from  34 (1 .9 % ) 
b eef ca ttle , th ree  species from  7 (0 .4 % ) calves, four species from  6 (0 .3 % ) horses, seven species 
fro m  29 (1 .6% ) chickens, one species each  was iso la ted  from  29 (1 ,6 % ) chickens, 15 (0 .8 % ) 
geese an d  four (0 .2% ) tu rk ey s , an d  tw o  species each  w ere iso lated  from  six  (0 .3 % ) ducks and  
six  (0 .3 % ) pigeons. The fa c t th a t  sy m ptom less carriers a n d  excre to rs of sa lm onellae  can n o t be 
d e te c te d  by  trad itio n a l m acroscop ic  m ethods a t m ea t inspection  seem s to  acco u n t for th e  
f re q u e n t  occurrence of these  b a c te r ia  in  m ea t p ro d u c ts  an d  m ea t-p rocessing  p lan t.

T he p reven tion  of h u m an  sa lm onella  infections by  m e a t or m ea t p ro d u c ts  requ ires s tr ic t  
h y g ien ic  m easures along th e  possible chain  o f in fec tion , w ith  special re g a rd  to  e lim inating  th e  
p a th o g e n s  from  an im als feeds. T he l a t te r  have in all p ro b a b ility  been th e  source of th e  new er 
sa lm o n e lla  sero types n o t p rev io u sly  o bserved  in  H u n g a ry . F ive  such  species w ere enco u n tered  
in  th e  course of th e  p re sen t s tu d y : S. p a ra ty p h i-В  v a r . ja va , S . blockley , S. m innesota, S. ka- 
p e m b a , and  a fifth  s tra in , h av in g  th e  an tigen ic  p a tte rn  4.12 d, w hich w ould  n o t be f i tte d  in 
th e  K au ffm ann-W hite  schem e.

A ddress of th e  a u th o rs : D r. J á n o s  T a ká cs , d r. G yörgyi В. N a g y , 1095 B u d ap es t IX . 
S o ro k sári u. 58., H u n g ary
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INFLUENCE OF PACKING TECHNOLOGY AND STORAGE 
TIME ON THE MICROBIOLOGICAL STATUS OF QUICK- 

FROZEN AND COOKED READY TO-EAT FOOD

By

J .  T a k á c s , L. B e n e d e k  and E . I m r e h  

C en tra l L ab o ra to ry  (H ead : J .  T a ká cs) of th e  V e terin ary  M eat In sp e c tio n  Service, B u d ap es t

(R eceived , A pril 15, 1972)

M icrobiological assays ca rried  o u t during  hyg ien ic  co n tro l of th e  p ro ­
d u c tio n  of ready -co o k ed -m eals  h av e  often  im p lica ted  bac te rio log ical c o n ta m ­
in a tio n  follow ing h ea t t re a tm e n t (cooking). Careful in v es tig a tio n s  of hygiene of 
th e  m an u fac tu rin g  process m ake i t  q u ite  clear th a t  a m a jo r share  o f th e  b lam e 
fo r  such  p o st-co n tam in a tio n  lies in  th e  use of o u t-o f-da te  p ack ag in g  m ate ria ls .

In  th e  tra d itio n a l process, w here w axed  cartons are used , th e  cooked food has to  be 
cooled dow n (from  80° C to  18° C) before i t  can  be packed  in to  th e  ca rto n , so as to  avoid  m elt­
ing  of th e  w ax and th e  dam age of th e  pack ag e . T his cooling phase , how ever, is n o t only tim e- 
consum ing , b u t  i t  also in tro d u ces am ple o p p o rtu n ity  for th e  cooked food to  come in to  c o n ta c t 
w ith  u tensils  co n ta m in a te d  w ith  m icrobes a n d  th e reb y  itself becom es c o n tam in a ted . As again  
a u to m a tic  dispensing is im possible w ith  w axed  carto n s, filling has to  be m an u a l, w hich opens 
y e t  fu r th e r  ro u tes for m icrobial re co n tam in a tio n .

A d rastic  red u ctio n  in  th e  possib ilities of reco n tam in atio n  can  be achieved by  “ ho t- 
fillin g ”  of the  cooked food — a tech n iq u e  a lread y  ad o p ted  successfully  in several countries , 
in c lud ing  th e  G erm an D em ocratic  R ep u b lic  an d  Sw eden (Alm á si, 1964; B o dro ssy  and  B e n e ­
d e k , 1969). By using  m odern  d ispensing eq u ip m e n t and  packaging  m ate ria ls , th e  food can  be 
p ack ed  a t  70—80° C w ith o u t p re-cooling  a n d  d isp a tch ed  to  th e  qu ick-freezing  tu n n e l w ith in  
one h our. The m ost su itab le  pack ag in g  m a te ria l in  these  c ircum stances is th e  h e a t-re s is ta n t, 
bo ilab le  p lastic  bag. The b est an d  m o st econom ic of such p lastics, acco rd ing  to  te s ts  by  th e  
C en tra l F ood  R esearch  In s t i tu te , B u d a p es t, is h igh-specific-w eight p o ly e th y len e  foil; 0.04 m m  
gauge foil m ay  be used for n e t w eights up  to  350 g, and  above th is  0.08 m m  foil (Va r sá n y i, 
1969).

In  view  of the  ev id en t a d v a n ta g e s  o f th is  la t te r  te c h n iq u e , we have u n ­
d e rta k e n  stud ies to  com pare th e  m icrobiological p ro p ertie s  o f  d iffe ren t m eals 
w hen  packed  cold in to  ca rto n s an d  h o t in to  po lye thy lene  bags. In  a d d itio n , we 
h av e  in v es tig a ted  the  in fluence  o f sto rage  tim e of th e  frozen  p ro d u c t on th e  
b a c te r ia l  co n ten t of food p ack ed  b y  th e  tw o m ethods.

Material and Methods

T hree m eals were selected  for th e  investig a tio n s: lig h ts , s tew ed  ch itte r lin g  
w ith  p ap rik a , and  goulash w ith  p a p rik a  g ravy .

All th ree  m eals are cooked in  open , s team -h ea ted  k e ttle s  of 300 litre  
c a p a c ity . The usual b ra ising  tim e for th e  ch itte rlings an d  goulash  is 30 m in u tes ,

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



120 TAKÁCS e t al.

th e  cooking tim e 2— 2.5 h o u rs ; th e  p re-cooked  m ate ria l u sed  in  ligh ts is b ra ised  
fo r 5— 10 m inu tes a n d  th e  stew ing  tim e  is 1.5—2 hours.

B y  th e  tra d itio n a l m e th o d , th e  m eals are lad led  a f te r  cooking in to  so- 
ca lled  “ m e a t-tru c k s”  o f  400-litre  c a p a c ity  and  from  th e re  are  tran sfe rred  
e i th e r  b y  ladle or p u m p , in to  food coolers w ork ing  w ith  saline. T hough these  
coolers have a c a p ac ity  o f  900 litre s , th e y  are filled  on ly  to  500 litres  in order 
to  ach ieve op tim um  coo ling  efficiency. T he cooling from  80° C to  18° C tak es  
a b o u t 30 m inutes. T he food  is th e n  d ra in ed  of in to  m ea t tra y s  o f  20-litre cap ac­
i ty .  P ackag ing  of th e  m eals proceeds from  th e  tra y s  e ith e r  in to  500-gram  c a r­
to n s  or, for public c a te r in g  purposes, in to  bags m ade from  po lyeth ilene  foil 
o f  1, 1.5 or 2 kg. D isp en sin g  is e ith e r  b y  ladle or h a n d  (ru b b e r  gloves). The 
coo ling  process for g o u lash  w ith  p a p rik a  differs from  th e  above in th a t ,  b e ­
cause  o f  w eight re g u la tio n s , th e  g rav y  m u st be f ilte re d  o ff th e  chopped  m ea t 
fo r se p a ra te  cooling (sa lin e  cooler), w hile th e  chopped  m e a t is tran sfe rred  on 
u n co v ered  alum in ium  t r a y s  to  a cold room  a t  0 —5° C.

A fte r cooling, th e  chopped  m ea t is d ispensed  in to  th e  package in th e  
p re sc rib ed  portions a n d  th e n  th e  g rav y  is poured  b ack  on. O bviously , th is  
p rocess enorm ously  in c reases  th e  chances of re -co n tam in a tio n .

U sually  i t  ta k e s  th e  food no m ore th a n  2 hours to  pass from  th e  k e ttle s  
to  th e  freezers. The s e p a ra te  phases are  th u s :

k e ttle  to  cooler 
cooling p e rio d  
cooler to  package 
p ack ag in g  to  beg inn ing  of 

freez in g

20 m in u tes  
30 m in u tes  
30 m in u tes

40 m in u tes .

W hen  the  h o t-f illin g  m ethod  w as app lied  in th e se  ex p erim en ts , 500- 
g ram  portions of th e  m eals w ere d ispensed  in to  p rebo iled  p las tic  hags. A fte r 
sam p lin g , th e  bags w ere  sealed an d  th e n  tra n sfe rre d  to  th e  freezing -tunnel 
w ith in  one hour.

Sam ples of th e  th re e  m eals p ack ed  b y  th e  tw o m eth o d s  alw ays cam e 
fro m  th e  sam e b a tch . A lto g e th e r 64 sam ples were ta k e n , an d  in all cases b a c te ­
rio log ical in v estig a tio n s w ere carried  o u t im m ed ia te ly  a f te r  freezing  an d  follow ­
in g  sto rage  a t — 20° C fo r  2, 4 an d  6 m o n th s. All sam ples reach ed  th e  la b o ra ­
to ry  in  the  frozen s ta te  a n d  w ere th e n  allow ed to  th a w  a t  -(-4° C for 16— 24 
h o u rs  before being te s te d . A fte r th aw in g , several 5 -gram  p o rtio n s were tak en  
fro m  d ifferen t p a rts  o f  th e  sam ple, hom ogenized, an d  m ade u p  in serial d ilu ­
tio n s  to  106 in  physio log ica l saline.

T he cu lture  te c h n iq u e s  app lied  to  determ ine  th e  co u n ts  an d /o r titre s  of 
th e  various com ponen ts o f  th e  m icro flo ra  were as follows.

Psychroph ilic  a n d  m esophilic organism s: K o ch ’s p o u rp la te  techn ique
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w ith  a s ta n d a rd  a g a r m ed ium  to  w hich  gelatine has been ad d ed  and  developed 
a t  th is  In s ti tu te  (Ta k á c s , 1961); p la te  co u n t o f alive germ s w ere de te rm in ed  
a fte r  an in cu b a tio n  tim e  o f th ree  d ay s  a t  30° C.

P sy c h ro to le ra n t o rgan ism s: In c u b a tio n  on m altonse  ag ar for five  days 
a t  20° C; p la tes w ere re a d  on days 3 and  5.

M oulds and F u n g i: the  sam e m ethod  has been used  as for p sy ch ro to le r­
a n t  m icroorganism s.

E . coli I  (faecal ty p e )  an d  coliform s: K essler an d  S w en arto n ’s gen tian  
v io le t-b ile -lac to se-pep tone  b ro th  an d  a m odified  D rigalsk i m ed ium  w ere used: 
t i tre  w as d e te rm in ed  a f te r  48-hour cu ltu re  a t  30° C.

C oagulase-positive staphy lococci: T ran sfe r from  B o jan o v szk y ’s rhoda- 
nide en rich m en t m ed iu m  (Ja n k e  a n d  D ic k s c h e it , 1969) to  b lood ag ar p la te ; 
in cu b a tio n  for 24 h o u rs  a t  37° C.

C lostrid ia: Sem i-solid  su lfite  ag a r, as m odified  b y  T ak ács  an d  N aray^AN 
(1965); in cu b a tio n  fo r 48 hours a t 37° C.

Salm onellae: E n ric h m e n t in  B ie rb a u e r’s e n rich m en t m ed ium  for a t  leas t 
16 h ours a t 37° C b efo re  tra n s fe r  to  D rigalsk i an d  b r il l ia n t green —  pheno l 
red  ag a r m edium ; in c u b a tio n  for 24 h ours a t  37° C befo re  read ing .

P ro teo ly tic  o rg an ism s: T he s ta n d a rd  ag ar m ed ium  w as used. Colonies 
were p ou red  w ith  C la rk ’s reag en t to  d e te c t th e  g e la tine-liquefy ing  colonies. 
The co u n t of p ro te o ly tic  colonies w ere es tab lish ed  b y  th is  m eth o d  (Ta k á c s , 
1961).

R esu lts

T he d a ta  are su m m arized  in  T ab le  I  and  F igs 1 —3. Cell coun ts and  titre s  
are given as lo g a rith m ic  m ean  v a lu es . W e have  reco rd ed  th e  percen tag e  re ­
du c tio n  in the  n u m b e r o f germ s a f te r  s to rage  a t  — 20° C an d  th e  percen tag e  
decrease in cell c o u n t a t  th e  h o t-filled  p ro d u c ts  im m ed ia te ly  a fte r  filling  
w ith o u t storage in  frozen  s ta te . T h e  m ean  values o f th e  lo g arith m s o f cell- 
co u n t an d  t i te r  v a lu es  fo r cold- an d  h o t-filled  p ro d u c ts  are  show n on th e  Figs 
1— 3.

I f  t i t re  va lues w ere estab lish ed , f ir s t  o f all in  th e  case of coliform  an d  
c lo strid ia l values, m ean  values w ere ca lcu la ted . T he o th e r  m icrobiological 
va lues, w hich has b een  show n in  th e  tab le , w ere g iven as th e  m eans o f lo g a ­
rith m ic  values o f v iab le  cell coun ts. W here  th e  cell co u n t w as less th a n  100, th e  
m ean lo g arith m ic  v a lu es  o f cell co u n ts  w ere ca lcu la ted  w ith o u t using  th e  M PN  
m eth o d  th a t  is w h y  we co u ld n ’t  ca lcu la te  m ean  lo g a rith m ic  cell coun ts less 
th a n  100 in acco rdance  w ith  th e  ru les  of d ilu tio n . T h is doesn ’t  in fluence  th e  
v alue  o f th e  te s t  because  one m u st a lw ays ta k e  in to  co n sid e ra tio n  values h igher 
th a n  100/g for th e  m icrobio logical ev a lu a tio n .
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Table I

Mean logarithm ic cell count and tite r  values

Technology Meal
Total live 
mesophilic 
and  facul­
ta tiv e  psy- 
chrotolerant 

organisms

Coliform
Psychro-
to lerant

organisms
Proteolytic
organisms

Staphylo ­
coccus
aureus

Moulds Fungi Clostri­
dia

Cold-filled, w ith o u t
freeze storage

L 3.625 10 18.200 91.2 100 100 112 31.7
SCH 6.000 192 19.600 895 100 100 100 21.5
G 7.320 21.5 8.650 252 100 100 100 50

Cold-filled, stored 
a t  — 20°C for 
6 m o n th s

L 642 3.16 1.806 6.55 100 100 100 31.7
SCH 1.162 20 5.450 20 100 100 100 21.5
G 2.140 4.44 3.340. 4.44 100 100 100 50

P ercen tag e  reduc­
tio n  in cell count

T, 82.3 68.4 90.1 92.8 0 0 10.8 0
SCH 80.7 97.7 72.2 97.7 0 0 0 0
G 70.8 79.4 61.4 98.2 0 0 0 0

H ot-filled , w ithout 
freeze storage

L 260 0 630 4.44 100 100 100 31.7
SCH 200 0 465 0 100 100 100 21.5
G 342 0 457 21.5 100 100 100 50

P ercen tag e  reduc­
tio n  in  cell count

L 92.8 100 96.5 95.1 0 0 10.8 0
SCH 96.7 100 97.6 100 0 0 0 0
G 95.3 100 94.7 91.7 0 0 0 0

Legends: L , L igh ts (6 sam ples); SCH, Stew ed chitterlings (3 sam ples): G, G oulash (3 
samples)

Conclusions

W hen th e  m eals w ere h o t-filled  th e  cell counts of coliform s, to ta l  live 
m esophilic  and  fa c u lta tiv e  p sy ch ro p h ilic  o rgan ism , p ro te o ly tic  an d  psychro- 
to le ra n t  organism s m e t c u rre n t hyg ien ic  req u irem en ts  in  (all respects) an d  were 
w ell below  the  co u n ts  e s tab lish ed  fo r food from  th e  sam e b a tc h  pack ed  w ith  
th e  tra d itio n a l w ay . In  n u m erica l te rm s

(i) m ean ti t re s  for coliform  germ s of 10—99 w ere d im in ish ed  to  0;
(ii) to ta l co u n ts  o f live m esophilic  an d  facu lta tiv e  psych roph ilic  germ s 

w ere reduced  from  10 000 and I 000, re sp ec tiv e ly , to  below  200;
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Fig. 2. Q uick-frozen stew ed  ch itte rlin g s (3 sam ples). 1 cold-filled ( +  18 °C), w ith o u t freeze 
sto rage; 2 cold-filled (+ 1 8 °  C), s to red  a t  20° C for 6 m o n th s ; 3 h o t-filled  (+ 8 0 °  C)

w i th o u t  fr3eze storage
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F ig . 3. Q uick-frozen gou lash  (3 sam ples). 1 cold-filled (4~18° C), w ith o u t freeze s to rage; 
2 cold-filled (4 -18° C), s to re d  a t  — 20° C fo r 6 m o n th s; 3 h o t-filled  (4-80° C) w ith o u t

freeze storage

(iii) coun ts o f  p ro te o ly tic  germ s as h igh as 1 000 an d  100 d ropped  to  
u n d e r  200 an d  zero ; and

(iv) th e  n u m b e r o f  p sy c h ro to le ra n t germ s was re d u c e d  from  10 000 an d  
1 000 to  less th a n  1 000.

These red u c tio n s  u n eq u iv o ca lly  su p p o rt the  hyg ien ic  su p e rio rity  of th e  
h o t-fillin g  techno logy .

In  cooked m eals filled  cold (4-18° C), th e re  w as a s ig n ifican t decrease 
in  th e  n u m b er o f co liform , to ta l  live germ s, p ro teo ly tic  a n d  p sy c h ro to le ra n t 
germ s following six  m o n th s ’ sto rage  a t  — 20° C. A ccord ing  to  th e  d a ta  rep o rted  
b y  S c h o r m Ül l e r  (1966), s to rage  for 115 days a t  — 20° C re su lted  in a 43%  
d ro p  in the  co u n ts . In  ou r ex p e rim en ts  th e  red u c tio n  in  b a c te r ia l cell co u n t 
w ere considerab ly  h ig h e r: as m uch  as 68 .4 —92.8%  fo r lig h ts  72 .2—97.7%  for 
stew ed  ch itte rlin g s, a n d  61 .4 —98.2%  for goulash .

There was no m easu rab le  fall in th e  cell coun ts o f h o t-f ille d  m eals w hen 
s to re d  frozen, because  th ese  w ere p rac tica lly  sterile  a lre a d y  p rio r to  sto rage . 
C om pared  w ith  th e  cell co u n ts  an d  ti tre s  for cold-filled  m eals before s to rage , 
th e re  is w ith  all th re e  p ro d u c ts  a 91 .4— 100%  decrease to  th e  ad v an tag e  o f 
th e  ho t-filled  p ro d u c ts .

The titre s  o f c lo s trid ia , m oulds, y eas ts , an d  Staph , aureus  w ere independ-
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e n t  o f th e  m eth o d  of packag ing  an d  d u ra tio n  of sto rage . T h e  m ean  values 
w ere as follows:

The cell coun t of frozen ready -cooked  food is c learly  v e ry  m uch  d ep e n d ­
e n t  on th e  techno logy  used in its  p rep a ra tio n . I f  th e  m eal is filled  in to  h ea t- 
re s is ta n t  p o ly e th y len  foil im m ed ia te ly  a f te r  cooking w hile s till h o t, and  th e n  
q u ick ly  cooled th ro u g h  th e  zone fav o u rab le  for th e rm o p h ilic  germ s in  a freez­
in g -tu n n e l, th e  p ro d u c t w ill be p ra c tic a lly  sterile  w ith  re g a rd  to  m esophilic , 
th e rm o p h ilic , th e rm o to le ra n t an d  p sy c h ro to le ra n t m icro -o rgan ism s.

I f  on th e  o th e r  h an d , th e  m eal is cooled a fte r  h e a t- tr e a tm e n t and  in  th e  
process comes in to  co n tac t w ith  u ten s ils  or is hand led  m a n u a lly  an  appreciab le  
c o n ta m in a tio n  can be in tro d u c e d  in to  th e  in itia lly  sterile  p ro d u c t. T h a t  w ay  th e  
h e a t- tre a te d  p ro d u c t m ay  be re c o n ta m in a te d  w ith  p a th o g en  an d  to x in -p ro ­
du c in g  germ s before freezing. T he p o st-co n tam in a tio n  m u s t be a n y w ay  avoided , 
t h a t ’s w hy only  ho t-filling  has i t ’s g rounds. The sig n ifican t d rops in  cell coun t 
fo llow ing sto rage a t  — 20° C, th o u g h  favourab le  from  th e  h yg ien ic  p o in t o f 
v iew , are  v e ry  m uch  d ep e n d e n t on th e  re sid u a l coun t a f te r  h e a t- tre a tm e n t. 
I f  m an y  germ s ge t in to  th e  p ro d u c t before  freezing , these  germ s have an o p p o r­
tu n i ty  to  m u ltip ly  and  d isp lay  fe rm en t a c tiv ity  during  th a w in g  tim e  and  m ay 
d e te r io ra te  the  p ro d u c t before consum ing .

I t  m u st be em phasized  th a t  sam ples con ta in in g  p a th o g e n ic  and  tox in - 
p ro d u c in g  germ s before freezing , n e ith e r  freezing nor freeze s to rag e  for a long 
p e rio d  could k ill th em . T his w as o bserved  a t  a raw , frozen  p o rk  liver sam ple, 
in  th e  case o f Sa/m oneZZa-contam ination. A ccording to  o u r o b se rv a tio n s , th e re  
w as a decrease in  th e  co u n t o f coagu lase-positive  Staph, aureus, b u t  no t to  th e  
sam e e x te n t as in  th e  case of G ram -nega tive  bacilli, c o n seq u en tly , i f  th e  p ro d ­
u c t becom es co n tam in a ted  w ith  en te ro to x in -p ro d u c in g  stap h y lo co cc i a f te r  
h e a t- tre a tm e n t th e y  rem ain  alive d u rin g  freeze storage.

W e have new ly  d e te rm in ed  th e  s till accep tab le  to le ra te d  values in p la te  
co u n ts  an d  t i tre  for h e a t- tre a te d  an d  frozen read y  p ro d u c ts . T he m icrobio log­
ica l d a ta  o b ta in ed  in th is  e x p e rim e n ta l series in no case exceeded  th e  values 
fo rm erly  se t up  fo r these  p ro d u c ts . A t our in v estig a tio n s th e  p la te  cou n t and  
t i t r e  values w ere m uch m ore fav o u rab le  th a n  in  our p rev ious s tu d y  (T a k á c s , 
S i m o n f f y  and  I m r e h , 1969).

O ur in v estig a tio n a l d a ta  em phasize  th a t  th e  m odern  effic ia l con tro l of 
frozen  food, cooked food or sem i-cooked frozen food c a n n o t re s t  m ere ly  upon  
th e  q u a lifica tio n  of th e  fin a l p ro d u c t, b u t  revealing  fa u lty  hyg ien ic  proposes

c lostrid ia  less th a n  
m oulds less th a n  
y eas ts  less th a n  
S taph , aureus less th a n

10 per 1 g ram  sam ple
100 p er 1 g ram  sam ple
100 per 1 gram  sam ple
100 per 1 g ram  sam ple
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changes in processing techno logy  as well. M odem  v e te r in a ry  m eat con tro l 
covers the  p rev en tio n  o f m istakes as reco rd ing  of m istak es.

SU M M A RY

M ean logarithm ic c o u n ts  a n d  titre s  o f v a rio u s m icroflorel co m p o n en ts  were d e term ined  in 
p ro d u c ts  a fte r packag ing  in  a  cold o r h o t s ta te  fo r freeze-sto rage, as well as th e ir  red u ctio n s 
follow ing six m o n th s’ s to rag e  a t  — 20° C. T he experim en ts  rev ea led  th a t  m icrobial co n ta m in a ­
tio n  due  to  handling  b e tw een  cooking and  freezing  can be sig n ifican tly  d im in ished  only by  th e  
use  of hot-filling  techno logy . T he ap p lica tio n  of th is  m ethod  re su lte d  in  a 91.4— 100%  decrease 
in b ac te ria l counts in  co m p ariso n  to  those  in  th e  cold-filled, freeze-s to red  p ro ducts . T y p ica lly  
th e  co u n ts  of non -p a th o g en ic  a n d  non-toxogen ic  germ s m ay be red u ced  b y  51,4—98,2%  during  
six  m o n th s’ storage a t  — 20° C. These are m u ch  g rea te r decreases th a n  those  rep o rted  in th e  
l ite ra tu re , though  th e  falls in  co u n t were m u ch  less w here p a th o g en ic  a n d  toxogenic  germ s are 
concerned. This suggests t h a t  freeze sto rage  c an n o t ren d er a p ro d u c t co n ta in in g  such  m icro ­
organ ism s sterile b u t  a t  b e s t  on ly  d im in ish  th e ir  num ber.
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Blocks and  f ille ts  of frozen fish are  su b je c t to  various k in d s of n a tu ra l 
co n tam in a tio n  d u rin g  th e ir  processing, an d  such co n tam in a tio n  n o rm ally  
p e rs is ts  up  to  th e  tim e  th e  fish  reaches th e  consum er’s k itch en . The ac tu a l 
m icrobiological s ta tu s  w ill depend on: 1) th e  e x te n t  and  n a tu re  of c o n ta m in a ­
tio n  on th e  fish in g -b o a t, in the fille ting  v a t  or during  fu r th e r  processing; 2) 
th e  tim e  elapsing before  chilling or freezing  an d  ev en tu a l con su m p tio n ; and  3) 
th e  te m p e ra tu re  effects ac ting  on the f ish  d u rin g  th is  period.

I t  is know n th a t  h e a lth y  muscle tissue o f fresh ly  c au g h t sea fish  co n ta in s few, if any , 
m icro-organ ism s (Ge e , 1930; Maltschew sky  a n d  P a r tm a n n , 1951). M any m icro-organism s 
a re , how ever, p re sen t on th e  sk in  and cu tan eo u s m ucosae  (102—107/cm 2), in  th e  gill tissu e  
(103— 106/g) and  in  th e  v iscera  (103— 108/g) (Sh e w a n , 1956). B acterio logical in spection  of fish  
is th u s  essen tia lly  d irec ted  a t  th e  detection o f m ic ro -o rg an ism s th a t  becom e tran sfe rre d  from  
these  la t te r  areas to  m uscle  e ith e r as a resu lt o f  f a u lty  processing  techno logy  or th ro u g h  u n ­
h y g ien ic  han d lin g  by  h u m an  operato rs (Sp e n c e r , 1957; Ca s t e l l , 1954; L is t o n , 1955; Sh e w a n  
e t al., 1960).

B o th  chilling and  freezing can help  to  red u ce  germ  coun ts to  some degree, 
for m ost piscine m icro-organism s are k illed  a t  te m p e ra tu re s  below  zero c e n ti­
g rade . G ram -nega tive  b a c te ria  are esp ec ia lly  sensitive , a p p a re n tly  p seu d o m o ­
n ad s being  th e  f ir s t  to  succum b. G ram -p o sitiv e  organism s are less affec ted  
b y  cold: freezing k ills  th e  sporform ing ae ro b es  an d  lac tobacilli b u t  only p a r t  
o f th e  m icrococci an d  enterococci. F u n g i are  even  more re s is ta n t:  some of th e  
b u d d in g  y easts  and  m olds are able to  su rv iv e  te m p e ra tu re s  well below  freezing.

T his cold sen sitiv ity  is also of p rac tica l im p o rta n c e  in  m icrobiological ex am in atio n s 
(H e r s c h d o r f e r , 1968). F ro zen  fish  im ports to  H u n g a ry  orig ina te  from  th e  N o rth  Sea an d  
B a ltic  Sea w here th e  m ean  sea tem p era tu re  v a rie s  b e tw ee n  2 and  12° C. T his m eans th a t  th e
m icro flo ra  o f fish  from  su ch  h a b ita ts  has no rm ally  to  be cu ltu red  a t  tem p e ra tu re s  of 0 ---- (-20° C;
on ly  a b o u t 5%  of co ld -ad ap ted  (p sy ch ro to le ran t) o rg an ism s are able to  grow  a t  37° C (Ge o r - 
g ala , 1958; L is t o n , 1955; Sh e w a n  and L is t o n , 1956). T he m icroflora o f f i s h  c au g h t in  w arm  
seas (A dria tic , A frican  a n d  A u stra lian  coasts) is, in  c o n tra s t ,  p re d o m in an tly  m esophilic.

I n  H u n g a ry , th e  m icrobiological, p h y sical a n d  chem ical p rop erties  o f im p o rted  frozen  
fish  fille ts  an d  blocks w ere a lread y  the  su b jec t o f  a  re c e n t s tu d y  (BÍRÓ a n d  K is z l e r , 1971), 
h u t  no in d ep en d en t m icrobiological ex am in atio n s h a v e  been  conducted  so fa r, and  fu r th e r ­
m ore th e  sam ples used  in  th is  earlier s tu d y  w ere o b ta in e d  from  cold sto rehouses ra th e r  th a n  
from  fish  p ack ed  for re ta il  sale in  the  shop.
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D etailed  in v es tig a tio n s  w ere teh e re fo re  p erfo rm ed  in th is  la b o ra to ry  in 
th e  fram e of reg u la r  con tro l in sp ec tio n s o f im p o rted  foodstuffs. T he aim  w as 
to  qualify  and q u a n tify  th e  m icrobio logical s ta tu s  o f frozen blocks an d  f ille ts  
o f  fish  w ith  a view  to  estab lish in g  reco m m en d ed  guidelines.

M aterials an d  m ethods

A to ta l  o f 98 sam ples of sea-sa lm on  fille ts , im p o rted  from  N o rw ay  and  
D en m ark , an d  66 frozen  g u tte d  fish  carcasses w ith  or w ith o u t the  h ead , ch ie fly  
from  th e  Soviet U nion  and  P o lan d , w ere ex am in ed  d u rin g  the  perio d  1969—  
1971. The fille t sam ples w ere d e livered  to  th e  la b o ra to ry  in  th e  o rig inal 1—  or 
2— lb  pack ing , th e  carcass (herring , s ta v r id , sole, m ackerel) in frozen b lo ck s.

B o th  fille ts  an d  blocks w ere tra n s p o r te d  to  th e  co u n try  in re f r ig e ra to r  
tru c k s  and  w ere s to re d  in  cold s to reh o u ses  a t  — 18— 20° C and — 8— 12° C, 
re sp ec tiv e ly .

Sam pling

Sam ples w ere ta k e n  in  accordance  w ith  p resc rip tio n s for o b ta in in g  a d e ­
q u a te  num bers fo r s ta tis t ic a l  ev a lu a tio n , as follows:

Sampling package un it No. of samples:

1 5 1

6 10 2

11 20 3

21— 100 5

100— 300 6

300— 700 7

700— 1000 8

1 0 0 0 -2 0 0 0 9

2000—5000 10

M ethod

All sam ples w ere su b m itte d  in th e  frozen s ta te , an d  so were th a w e d  fo r 
la b o ra to ry  ex a m in a tio n  16— 24 h o u rs  a t  -j- 4° C before . F ive gram s o f each  
sam ple  were ta k e n : in  th e  case of w hole carcases, 5 g sam ples were excised  fro m  
sev era l sites b o th  th e  cu taneous a n d  ab d o m in a l side. C ultu ring  m ed ia  a n d
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d ilu tio n s  were selec ted  w ith  regard  to  th e  ex p ec ted  com position  and  ti tre s  ol 
th e  m icroflora.

B o th  fillets an d  blocks were ex am in ed  for the  follow ing m icrobiological 
p ro p e rtie s :

1. P sy ch ro to le ran t o rganism s

2. E . coli I  and coliform
organism s

3. C oagulase-positive staphy lococci

4. E n te rococci

5. C lostrid ia

6. F u n g i

7. E n te ro b ac te riaceae

8. Salm onellae

K o ch ’s p o u r-p la te  te c h n iq u e ; in c u b a ­
tio n  fo r 48 hours a t  20° C (Ta k á cs , 
1961)

M cC onkey’s m ed ium  and  m odified 
D rigalsk i m ed ium ; in c u b a tio n  for 48 
hours a t  30° C

T ran sfe r from  B o jan o v szk y ’s rhoda- 
n ide en rich m en t m ed ium  to  blood 
ag ar p la te : in c u b a tio n  for 24 hours 
a t  37° C ( J a n k e  a n d  D i e k s c h e i t , 
1969)
T ran sfe r  from  sod ium  azide b ro th  to  
P a c k e r’s agar; in c u b a tio n  for 48 
hours a t  37° C.

Sem i-solid  su lfite  ag a r, as m odified  
b y  T a k á c s  an d  N a r a y a n  (1965); in ­
c u b a tio n  for 48 h o u rs  a t  37° C

M altose agar; in c u b a tio n  for 72 hours 
a t 37° C

E n te ro b ac te riaceae  m ed iu m ; in cu b a ­
tio n  for 48 hours a t  37° C (ISO , 1971)

E n ric h m e n t in B ie rb a u e r’s en rich m en t 
m ed ium  for 24 hours a t  37° C; t r a n s ­
fe r to  D rigalsk i m ed iu m  an d  b rilian t 
green — phenol red  ag ar p la tes; in ­
c u b a tio n  for 24 h o u rs  a t  37° C.

R esu lts

T he resu lts are  su m m arized  in  th e  n ine appended  ta b le s . M ean counts 
an d  t i t r e s  of the d iffe ren t b ac te ria l co m p o n en ts  in  frozen f ille ts  and  blocks 
over each  y ear are g iven  in  T ab les I ,  I I  an d  Tables I I I ,  IV , respective ly .

C ounts and ti t re s  ca lcu la ted  fo r th e  en tire  th ree -y ear p e rio d  of ex am in a­
tio n  can be seen from  T ab les  Y and  V I for fille ts  and  from  T ab les  Y II  and  VIIT 
fo r frozen  blocks.
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Table I

Mean germ  co u n ts  in frozen fish  fillets, calculated  for one y ear period

Microorganism Year X s

F acu lta tiv e  psychro- 
philic m icroorganism s 1969 18 333 12 380

1970 19 030 32 180
1971 93 736 195 900

E nte ro b ac teriaceae 1969 222 234
1970 101 33
1971 99 1

E nterococci 1969 _ _
1970 118 133
1971 111 61

Molds 1969 102 5.5
1970 266 1 281
1971 1 455 l 633

Y easts 1969 343 24.1
1970 377 601
1971 683 1 211

* X , a rith m etic  m ean ; S, s ta n d a rd  dev ia tion

Table II

T itres of m icroorganism s in  frozen fish  fillets , calculated  fo r one-year period

Microorganism Y ear
T i t e r

< 1 1 - 9 10 99 100 999

1969 10
(37.03% )

9
(33.33% )

6
(22.22% )

2
(7 .40% )

E . coli 1. and coliform s 1970 29
(63.04% )

13
(28.26% )

3
(6.52% )

1
(2 .17% )

1971 12
(48% )

5
(20% )

4
(16% )

4
(16% )

1969 — — 27
(100% )

—

Saprophy tic  clostridia 1970 — — 46
(100% )

—

1971 25
(100% )

1969 — — 27
(100% )

—

Staphylococcus aureus 1970 — — 46
(100% )

1971 25
(100% )
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T ab le  I I I

Mean germ  co u n ts  in blocks of fro zen  fishes, calcula ted  for o n e-year periods

M icroorganisms Y ear X S

F acu lta tiv e  psychro- 
philic o rgan ism s 1969 4 000 3 558

1970 26 797 64 330
1971 17 950 34 240

E n te ro b ac teriaceae 1969 99 0
1970 242 532
1971 99 0

1969 99 0
Enterococci 1970 136 182

1971 99 0

1969 99 1
Molds 1970 213 415

1971 106 108

1969 174 96.2
Yeasts 1970 138 189

1971 113 53.7

T ab le  IV

T itres of m icroorganism s in blocks o f fro zen  fishes, calcula ted  fo r one-year periods

Microorganisms Year
T i t e r

< i 1 9 10 99 100 999 >1000

1969 3 l
(75% ) (2 5 % )

E .  coli I and 1970 31 10 3 4 —

coliform s (64.58% ) (2 0 .8 3 % ) (6.25% ) (8 .33% )
1971 12 2 — —

(85.71% ) (1 4 .2 8 % )

1969 _ _ 4 _ _

S ap rophy tic
(100% )

1970 — — 40 4 4
clostrid ia (83.33% ) (8 .33% ) (8 .33% )

1971 14
(100% )

1969 _ _ 4 _ _
(100% )

Staphylococcus 1970 — — 48 — —

aureus (100% )
1971 — — 14 — —

(100% )
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Table V

M ean germ counts in  frozen fish  fillets, calcu la ted  for the  entire  3 -year period of exam ination

Microorganisms X s

F a c u lta tiv e  psychrophilic  micro-
organism s 37 895 100 400

E n te ro b ac teriaceae 133 258
E nterococci 116 112
Molds 524 2 541
Y easts 456 839

Table VI

Titres of m icroorganism s in frozen fish  fille ts , calculated  for th e  en tire  3-year period of
ex am ination

Microorganisms
T i t e r

< 1 1 - 9 10 99 100 999

E . coli and  coliform s

Saprophytic
clostridia

Staphylococcus aureus

51
(52.04% )

27
(27.55% )

13
(13 .26% )

98
(100% )

98
(100% )

7
(7-16% )

Table VII

Mean germ coun ts in blocks of frozen fishes, calculated  for th e  en tire  3-year period of
ex am ination

Microorganisms X S

F a c u lta tiv e  psychrophilic
m icroorganism s 23 387 32 370

E n te ro b ac te riaceae 200 1 630
E nterococci 126 156
M oulds 184 356
Y easts 135 165

Table VIII

T itres of m icroorganism s in blocks of frozen fishes, calculated  for th e  entire  3-year period  of
ex am in atio n

Microorganisms
T i t e r

<1 1-9 10 99 100 999 1000-9999

E . coli and 
coliforms 

Saprophytic  
clostridia

Staphylococcus aureus

46
(69.69% )

13
(19.69% )

3
(4.54% )

58
(87.87% )

66
(100% )

4
(6 .06% )

4
(6.06% )

o'-
1 

*
9

 
1

О
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T able IX  show s o u r reco m m en d a tio n s for m ax im um  to le ra te d  b ac te ria l 
an d  fu n g a l counts in  th e se  p ro d u c ts . T h e  corresponding  In te rn a tio n a l  C om m it­
tee  o f  M icrobiological S pecifications o f  Foods (ICM SF) a n d  P o rtu g u ese  s ta n d ­
a rd s  are  included  fo r com parison.

T able  IX

P ro p o sed  m icrobiological lim its  for frozen b locks and  fillets of fishes, co m pared  w ith  th e  
ICMSF proposals an d  s tan d in g  P ortuguese  regu lations

Mikroorganisms m c M ICMSF -r Portuguese 
standards

F  acu lta tiv e
psychrophilic
m icroorganism s 100.000/g ! 

.bp 
О

 O
' 

О
 о

 
о

 о
 

о
 о

 
о

 оО 1,000.000/g 1,000.000/g ** lO'/g 
106/g

E . coli 1 .  and 
coliform s 99/g Ю О -999 /g 1.000/g

X m M

100/ 

100 g

3600/

100 g

E . coli I.
. 0.1/g 

coliform
0.01/g

Staphylococcus
aureus 99/g 100- 999 g 1.000/g 100/g 1000/g 0.01/g

E nterococci 1.000/g 1.000—
10.000/g

10.000/g — — —

S ap ro p h y tic
clostrid ia 99/g 100 — 999/g 1.000/g — — —

E nter ob acteria- 
ceae 1.000/g 1.000—

3.000/g
3.000/g — — —

M olds 1.000/g 1 .0 0 0 —
3.000/g

3.000/g — — 103/g

Y easts 1.000/g 1 .0 0 0 —
3.000/g

3.000/g — — 103/g

Vibrio
parahaemolyticus 
F o r consum ption  
in  uncooked 

s ta te 100/g 10.000/g

* L im its specified in  th e  ICMSF proposa l fo r Coliforms aply to  E . coli I .;  * ** U nder P o r­
tuguese  regulations 105/g  app lies to  all m esophilic  organism s; + P ortuguese  regu la tions also resist 
on  t h a t  th e  sam ple should n o t  contain  Salm onella  or o ther, toxigenic p a th o g en ic  organism s; m, 
n o t haza rd o u s to  hum an  h e a lth ; c, to le ra ted  g erm  co n ten t; M, hazardous, to  be  condem ned.
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D iscussion

Frozen  blocks an d  fille ts  of fish  w ere exam ined  fo r m icrobiological s ta tu s  
to  e s tab lish  guidelines to  hyg ien ic  qua lifica tio n .

S ta tis tic a l va lues p ro p o sed  b y  th e  IC M SF, as w ell as m , c and  M v alues 
w ere ca lcu la ted  from  th e  a r ith m e tic  m ean  of counts a n d  th e  s ta n d a rd  d ev ia ­
tio n s . m =  a m icrob ia l c o u n t or v a lue  w hich , if  exceeded , in d ic a te s  a d e p a rtu re  
from  acceptab le  m a n u fa c tu r in g  p rac tice , to  a degree w h ich  becom es a m a tte r  
fo r concern w ith  re sp e c t to  h e a lth  h a z a rd  and /o r spo ilage. YM =  m icrobial 
co u n t or value w hich , i f  exceeded  in d ica tes  a condition  t h a t  is cause for decisive 
concern  w ith  re sp ec t to  h e a lth  h a z a rd  an d /o r spoilage an d  th e re b y  calls for 
re jec tio n  of th e  p ro d u c t, c =  th e  m ax im u m  n u m b er o f co u n ts  betw een  m an d  
M to  be p e rm itte d  fo r accep tan ce , w hile none m ay  exceed  M.

The m ax im um  to le ra te d  values p roposed  b y  us co rresp o n d  w ith  recom ­
m en d a tio n s  of th e  IC M SF, ex cep t for t i t re s  E . coli I  a n d  coliform s for w hich 
th e  ICM SF p resc rip tio n s give th e  “ m ”  an d  “ M”  values fo r 100 g te s t m a te ria l 
(T able IX ). The s ta n d a rd  p resc rip tio n s  v a lid  in P o r tu g a l se t low er lim it.

The sam e m icrobio logical req u irem en ts  can be ap p lied  for blocks an d  
f ille ts  o f frozen fish , because  th e  tw o k in d s of p ro d u c t show  no ch arac te ris tic  
d ifference in a m icrob io log ical respec t.

A t least five ra n d o m  b y  selected  sam ples from  each  lo t o r b a tc h  are r e ­
q u ire d  for th e  s ta tis tic s  o f m icrobiological s ta tu s .

A p a rt from  th e  m icroorgan ism s specified  in  th e  ta b le s , blocks or f ille ts  
o f frozen fish  shou ld  a lw ays be exam ined  for p a th o g en ic  or tox igenic m icro ­
o rganism s w hich m ay  be h aza rd o u s to  h u m an  h ea lth .

The m axim um  to le ra te d  p la te  co u n t of alive germ s o f frozen fish  fille t 
recom m ended  have co rresp o n d  w ith  tho se  estab lished  b y  K i s z l e r  an d  B i r ó  

(1971).
T o ta l coun ts o f live p sy c h ro to le ra n t germ s in  frozen  blocks v a ried  in  a 

lesser degree b e tw een  th e  given lim its  com pared  to s im ila r  counts in frozen 
f ille ts . The reasons are in  all p ro b a b ility  technological.

M ean titre s  o f c lo s trid ia  ca lcu la ted  fo r the  en tire  th re e -y e a r  period  w ere 
h ig h e r in frozen b locks th a n  in  fille ts .

SU M M A RY

M ean coun ts and  t i t r e s  o f  various m icroorganism s were d e te rm in e d  in  sam ples im p o rted  
of whole and fille ted  frozen  fish  over th e  period  1969—71 w ith  th e  a im  of offer p roposals fo r  
th e  m icrobiological re q u ire m e n ts  o f such  p ro d u c ts . The “ m ” , “ c”  a n d  “ M”  values were ca l­
c u la ted  from  th e  d a ta  a n d  co m p ared  w ith  sim ilar va lues se t fo r th  in  th e  In te rn a tio n a l C om m it­
tee  o f M icrobiological Specifica tions o f F oods req u irem en ts  a n d  th e  s ta n d a rd  p rescrip tio n s 
v a lid  in P ortugal. C erta in  p a th o g en ic  or toxogen ic  organism s a re  h aza rd o u s  to  h u m an  h e a lth  
because  th e ir  presence in  fro zen  raw  fish  p ro d u c ts  a u to m a tica lly  ex c ludes th e  release fo r h u ­
m a n  consum ption . I t  is p ro p o sed  th a t  m icrobiological q u a lifica tio n  of frozen  raw -fish  p ro d u c ts  
sh o u ld  be based on ex am in a tio n  of a t  lea s t five  ran d o m  sam ples fro m  each  lo t; no m ore th a n  
tw o  of th e  five sam ples co u ld  reach  th e  “ c”  lim it for u n c o n d itio n a l release. The lo t or b a tc h  
should  be condem ned if  a  single sam ple reaches th e  value “ M” .
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COMPARATIVE STUDY OF FOWL PLAGUE VIRUS IN­
FECTED AND NON-INFECTED ALLANTOIC FLUID OF

CHICK EMBRYOS

B y

F . L e SN IK  and O .  J .  V r TIAK

D e p artm en t o f E p izooto logy , V e te rin a ry  U n iv e rs ity , KoSice, Czechoslow akia 

(R eceived A pril 28, 1972)

A c o m p ara tiv e  s tu d y  o f th e  a llan to ic  f lu id  of norm al ch ick  em bryos a n d  
em bryos in fec ted  w ith  fowl plague v iru s has been  perfo rm ed  in  o rder to  e s ta b ­
lish th e  e x te n t  o f in v o lv em en t of th e  v iru s  in  ce llu lar p ro te in  syn thesis .

M aterials an d  m ethods

Infected A llan to ic  F lu id

IA F  w as p rep a red  b y  in tra -a lla n to ic  in fec tion  of 11-to 12-day-old ch ick  
em bryos w ith  th e  R o sto ck  s tra in  of fowl p lague v irus (FPV ).*  The chick e m ­
b ryos w ere descended  from  s tra in s  c lin ically  free  from  av ian  leucosis-sarcom a 
disease an d  w ere know n to  be free from  C E L O  adenov irus, N ew castle  d isease 
v iru s  an d  m ycop lasm as. A fte r h a rv e s tin g  th e  IA F  was pooled , ro u tin e ly  c la r i­
fied b y  low -speed cen trifu g a tio n  and  d ia lysis  ag a in st d istilled  w a te r a t  4° C 
for 48 ho u rs , th e n  d iv id ed  in to  tw o p a r ts . T he f irs t  po rtio n  was lyoph ilized , 
while th e  second w as co n cen tra ted  on a D E A E -cellu lose colum n (0.55M N aC l 
e lu tion  so lu tion) an d  th e  e lu ted  v iru s sed im en ted  by  h igh-speed  cen trifu g a tio n  
a t  37,000 X  g  for one h o u r (Ja n e tz k y  cen trifu g e). The su p e rn a ta n t, w hich w as 
n o n -h a e m a g g lu tin a tin g , was co n cen tra ted  b y  dialysis a g a in s t gum  a rab ic . 
In  th is  w ay  an  a b o u t 300-fold co n cen tra tio n  o f  “ in fec tive”  A F-free FPV  (F P V - 
0 )  was a tta in e d .

N on-infected allantoic f lu id

A F  w as co llected  from  un in fec ted  11-to 12-day-old ch ick  em bryos, c la r i­
fied  an d  lyoph ilized  in the  sam e m an n e r as th e  f irs t p o rtion  o f IA F .

* K in d ly  sen t to  us by  th e  C entral V e te rin a ry  L a b o ra to ry , New H aw , W eybridge, S u rrey .
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Electrophoresis in  agarose suspension

E lec tro p h o resis  la rge ly  follow ed th e  procedure  of H j e r t e n  (1963) b u t  
w ith  certa in  m o d ifica tio n s of our ow n. A 0 .16%  agarose suspension (A garose, 
S e rv a , H eidelberg ) w as p rep ared  in  0.05 M N a p h o sp h a te  buffer (pH  7). T he 
sam e buffer w as u sed  as th e  electrode b u ffe r . The lyoph ilized  A F and  IA F  sa m ­
ples su b m itte d  to  e lec trophoresis  w ere ap p lied  in co n cen tra tio n s o f a b o u t 
40 m g/m l. A fte r  e lec trophoresis , th e  in d iv id u a l frac tio n s were rem o v ed  to  
PV C  tu b es an d  th e ir  ab so rp tio n  a t  280 n m  m easured  b y  sp e c tro p h o to m e te r  
(M odel MOM 203).

Polyacrylam ide gel electrophoresis

The gel u tiliz ed  consist o f 10%  p o ly ac ry lam id e  gel (PC H Z , Z ilina, CSSR) 
w ith  0 .2%  N ,N ’-m eth y len ed iacry lam id e  (K och-L igh t L a b ., E n g lan d ), 0 .0 4 %  
te tra m e th y le th y ld ia m in e  (L achem a, C SSR ) an d  0 .1%  sodium  d o d ecy lsu lp h a te  
(S igm a, USA), 0 .007%  am m onium  p e rsu lp h a te  (PC H Z, Z ilina, CSSR) in  0.1 M 
N a  p h o sp h a te  b u ffe r  (p H  7). As e lec tro d e  b u ffe r 0.1 M N a p h o sp h a te  b u ffe r  
(p H  7) co n ta in in g  0 .1 %  sodium  d o d ecy lsu lp h a te  (SDS) an d  0.001 M e th y len e- 
d iam in e  te tr a a c e ta te  (E D T A ) was used .

Sam ples in  co n cen tra tio n  of a b o u t 5 m g/m l were d issociated  b y  so lu b ili­
z a tio n  w ith  1%  SD S a n d  1%  2 -m e rc a p to e th a n o l or 1%  sod ium  th io g ly co la te , 
e i th e r  a t  37° C fo r 3 h o u rs  or h ea ted  in  a bo iling  w a te r b a th  for 1 m in . A fte r  
a d d itio n  of o n e -te n th  volum e of 60 %  sucrose so lu tion  con ta in in g  0.001 M 
E D T A  th e  sam ples w ere layered  o n to  gels in  glass tu b e s  (6 x 0 .5  cm ). P re ­
e lec trophoresis  w as ca rr ied  ou t for 1 h o u r a t  200 V/6 tu b es . S ta in in g  an d  d e s t a g ­
in g  o f the  gels w ere p erfo rm ed  accord ing  to  G o r d o n  (1969).

The m olecular w eights of the  s e p a ra te d  p ro te in  com ponen ts w ere e s ti­
m a te d  by  th e  m e th o d  o f D u n k e r  a n d  R u e c k e r t  (1965) an d  Sh a p i r o  e t  al. 
(1967). As p ro te in  m a rk e rs  hum an  se ru m  a lb u m in  (K och-L igh t), bov ine  serum  
a lb u m in  (C albiochem ), cytochrom e c (C albiochem ), ovoalbum in  (C albiochem ) 
a n d  tobacco  m osaic v iru s  were used. Q u a n ti ta t iv e  d e te rm in a tio n  o f s e p a ra te d  
p ro te in  com ponen ts w as execu ted  acco rd in g  to  U l r y c h  an d  N o v o t n a  (1969) 
u s in g  a 1 N N aO H  e lu tio n  solu tion .

A na ly tica l ultracentrifugation

S ed im en ta tio n  analyses were m ad e  w ith  a MOM m odel 3170 u l tr a c e n tr i­
fuge. The se d im e n ta tio n  constan ts  w ere a d ju s te d  to  th e  d en sity  an d  v isco s ity  
o f w a te r  a t 20 °C. B efo reh an d , the  sam ples w ere d ialysed ag a in st d istilled  w a te r  
a t  4° C for 48 h o u rs .
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Im m unochem ical analysis

The agar gel diffusion p re c ip ita tio n  te s t  of O u c h t e r l o n y  (1948) w as 
a d o p ted , em ploy ing  1 .5%  D ifco-B acto  ag a r gel in pH  8.6 v ero n a l buffer. The 
cen tre  well for a n tib o d y  w as 6 m m  in d ia m e te r  and  p e rip h e ra l wells for an tig en  
4 m m . T ests w ere re a d  a fte r  severa l d a y s ’ dev e lo p m en t a t  room  te m p e ra tu re  
or a t  37° C in a s a tu ra te d  a tm o sp h ere . Gels w ere s ta in ed  w ith  a so lu tion  of 
a in idob lack  10 В in m eth an o l and  acetic  acid  (9 : 1) and d iffe re n tia ted  by  w ash ­
ing  in  th e  sam e so lv en t w ith o u t am ido  b lack .

Preparation o f  antibody

A ntibody  w as p ro d u ced  in a d u lt  gu inea  pigs. A n ti-A F  w as p rep ared  b y  
in tra p e rito n e a l in jec tio n  of clarified  A F  in five doses a t  th re e -d a y  in te rv a ls . 
Serum  was co llected  9 days a fte r  th e  f in a l in jec tio n . A n ti-A F /10  was p rep a red  
in  th e  sam e w ay  e x c e p t th a t  p rio r to  im m u n iza tio n  A F w as co n cen tra ted  te n ­
fold follow ing th e  m e th o d  of K o b e r  (c ited  by  K e i l  and  G r u n b e r g e r , 1959). 
In  b o th  cases th e  im m u n e  serum  o b ta in e d  from  th e  ra b b its  w as co n c e n tra ted  
fivefo ld  b y  ly o p h iliza tio n .

R esults

E lec tro p h o resis  in  0 .16%  agarose suspension  rev ea led  th e  presence o f 
a t  m ost th ree  p ro te in  com ponen ts in  p ro p o rtio n s  of A F o f a p p ro x im a te ly  7, 1 
an d  92%  (Fig. 1). T he m ajo r co m ponen t h a d  an  a b so rp tio n  curve n early  co rre ­
spond ing  to  th e  n o n -sep a ra ted  A F.

Fig. 1. E lec tro p h o re to g ram  of A F  in 0.16%  agarose  suspension (d u ra tio n  15 hours, c u rre n t: 
10 m A ) th e  o p tica l e x tin c tio n  curves o f th e  e lec tro p h o re tica lly  se p a ra te d  com ponents an d  th e ir  

q u a n tita tiv e  re la tions: x — x A F ; О — О I ;  О ---------- О I I ;  О — • — О I I I
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F ig . 2. E lec tro p h o re to g iam  o f IA F  in 0.16%  agarose suspension (d u ra tio n  15 hours, cu rren  
10 m A ) and the  o p tica l e x tin c tio n  curves o f th e  e lectro p h o re tica lly  se p a ra ted  com ponents. 

x — X IA F ; O — • — О I ;  О --------------- О I I

F ig . 3. E lec tro p h o re to g ram  o f IA F —О in 0 .16%  agarose suspension  (d u ra tio n  15 ho u rs , 
c u rre n t: 10 mA); th e  o p tic a l e x tin c tio n  curves o f e lectrophore tica lly  se p a ra te d  com ponents and 

th e ir q u a n tita tiv e  re la tio n s . О — • — О IA F ; О -----------О I ;  О ---------------- О I I

IA F  disp layed  o n ly  tw o p ro te in  com ponen ts in the  elec trophoresis 
p a t te rn  (Fig. 2), th e  second  com ponen t h av in g  an ab so rp tio n  curve co rresp o n d ­
in g  to  th e  m ajor co m p o n en t of A F. S tu d y  o f IA F -0  likew ise revealed  tw o com ­
p o n e n ts  (Fig. 3), th e  f i r s t  rep resen tin g  ab o u t 41%  of th e  to ta l  p ro te in  an d  a 
s im ila r absorp tion  cu rv e  to  th a t  o f th e  f ir s t  m inor co m ponen t of A F, th e  sec­
o n d  in  an am oun t o f  a b o u t 59%  b u t  w ith  an abso rp tio n  curve  differing  from  
th o se  of all sep a ra ted  co m p o n en ts  of b o th  A F and  IA F .
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© ------------------------------------------ »  ®

F ig. 4. E lec tro p h o re tic  m obilities an d  q u a n ti ta t iv e  re la tions of th e  e lec tro p h o re tica lly  se p a ­
ra te d  com ponen ts o f IA F -0  in 10% p o ly acry lam id e  agargel (3 hours, 2 m A /gel and  e s tim a tio n  
of M W  single co m ponen ts and dynam ics o f e lu tio n  of am idoblack  from  se p a ra te d  zones. О — О I ;

О -------------- О I I

Fig. 5. Im m unochem ica l analysis. T he c e n tra l  well con ta ins an ti-A F , p e rip h e ra l wells c o n ta in
A F (1, 2, 3) an d  IA F  (4, 5, 6)

Fig. 6. Im m unochem ica l analysis. T he c e n tra l  well con ta ins an ti-A F /10  serum , th e  p e rip h e ra l 
wells co n ta in  A F (1, 2), IA F  (3, 4) ten fo ld -co n cen tra ted  IA F  (5, 6)

A F  could n o t be f ra c tio n a te d  b y  po lyacry lam ide  gel e lec trophoresis , 
th e  w hole m a te ria l m oving as a single zone w ith  an average  e lec tro p h o re tic  
m o b ility  o f a b o u t 1.7 cm/4 h rs. an d  h a v in g  an  e s tim a ted  M W  of ab o u t 90.000 
d a lto n s . IA F  se p a ra te d  in to  tw o d is tin c t zones: a sm aller zone com prising  ab o u t 
3 3%  o f the m a te r ia l and  w ith  an  e s tim a te d  MW of ap p ro x . 66.000 d a lto n s ; 
an d  a m ajo r zone con ta in ing  th e  re m a in in g  67%  of th e  m a te r ia l and  h av in g  a 
M W  of ap p rox . 24.000 d a ltons (F ig . 4).

S ed im en ta tio n  analysis o f A F  rev ea led  tw o com ponen ts, w ith  s e d im e n ta ' 
t io n  coeffic ien ts o f ab o u t 25S an d  4S. IA F , in  co n tra s t, b a n d e d  in to  fo u r com -
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p o n e n ts : one w ith  a sed im en ta tio n  coeffic ien t of a ro u n d  15S; a m ajor com po­
n e n t w ith  a se d im e n ta tio n  coefficient o f  a b o u t 4S; an d  tw o com ponents w ith  
sed im en ta tio n  co e ffic ien ts  over 15S.

Im m u n ich em ica l analysis o f A F w ith  an ti-A F  rev ea led  only one p rec ip i­
ta t io n  line, b u t  u s in g  an ti-A F /10  th ree  lines w ere d e tec ted  (F ig. 5 and  6). U n ­
c o n cen tra ted  IA F , to o , p roduced  only one p rec ip ita tio n  line, against a n ti-A F  
serum  and  ag a in s t th e  an ti-A F /10  tw o lines w ere d e te c te d . Flowever, w hen  
co n cen tra ted  te n fo ld  on D E A E -cellu lose tw o d is tin c t an d  one fa in t line 
p re c ip ita te d  w ith  th e  la t te r  serum  (Figs 5 an d  6).

F ig. 7. The linear re la tio n sh ip  betw een  m olecu lar w eigh ts (MW ) of v a rio u s p ro tein  frac tio n s  
a n d  th e ir  m obilities on  10%  po lyacry lam ide gels. E lectro p h o resis  was carried  ou t 1%  SD S, 
1%  2-m ercap to e th an o l o r so d iu m  th iog lyco late  in 0.1 M N a p h o sp h a te  b u ffer (pH  7). (H SA - 
h u m a n  serum  a lb u m in , B SA -bov ine  serum  a lb u m in , O A -ovoalbum in , TM V-tobacco m osaic

v irus, cy t-cy to ch ro m e  c)

D iscussion

The fin d in g  o f  th re e  p ro te in  com ponen ts in A F from  11- to  12-day-o ld  
ch ick  em bryos is in  ag reem en t w ith  th e  re p o rt of Smoczkiewiczowa  (1959) 
w ho b y  T iselius e lec tro p h o res is  d e tec ted  com ponen ts in  th e  p roportions 98.1 
an d  1% . A ccording to  S moczkiewiczowa  th is  p ro te in  com position  changed  b y  
th e  14 th  day  o f in c u b a tio n , w hen up to  fiv e  p ro te in  com ponen ts were d is tin ­
gu ishable . IA F  w as fo u n d  to  con ta in  a t  le a s t five p ro te in  com ponents o f 
w hich  only tw o w ere d e te c ta b le  a fte r  h igh -speed  cen trifu g a tio n . The 25S f ra c ­
tio n  o f A F h ad  an  a b so rp tio n  curve co rresp o n d in g  to  th a t  o f th e  m inor p ro te in  
co m p o n en t of IA F  reco v e red  a fte r high speed  cen tr ifu g a tio n , w hich was also 
fo u n d  to  have lo s t i ts  h aem ag g lu tin a tio n  a c tiv ity . T h is in d ica tes  th a t  th e  
a lte ra tio n  of th e  c h a ra c te r  o f the  ab so rp tio n  curve from  th a t  for th e  25S com ­
p o n e n t of A F w as cau se d  by  the  presence o f v iru s h av in g  th e  same e lec tro ­
p h o re tic  m obility .
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Observation o f the second IA F com ponent was com plicated by its low , 
near threshold level (about 1%); Im m unochem ical analysis, however, con­
firm ed its presence. The third major com ponent of A F had an absorption curve 
corresponding to th a t o f  the third com ponent o f  IA F . Comparison of the tw o  
curves shows that the com ponent present in the largest quantity  influenced 
the absorption character of allantoic flu id  irrespective of w hether the chick  
em bryos were in fected  w ith  virus or not.

Table 1

Agarose
electrophoresis

Polyacrylamide 
agar gel 

electrophoresis

A nalytical
ultracentrifugation

Imm unochem ical analysis

anti-AF anti-AF/10

A F 3 com ponents 
7,1 and 92%

1 com ponent 
MW 90,000 
daltons

2 com ponents 
25S and  4 S

1 com ponent 3 com ponents

I A F 2 com ponents

—

4 com ponents

1 5 S ,4 S and  
two com po­

nen ts 
over 15 S

1 com ponent 2 (or 3)* 
com ponents

I A F - 0 2 com ponents 
41 and  59%

2 com ponents 
MW 66.000 

(33% ) 
and 24,000 

(67% )
daltons

* Three com ponents de tected  above tenfold , only w hen IA F.

The collected results (Table 1) indicate that after infection with fowl 
plague virus the protein  com position o f chick em bryo AF undergoes certain  
quantitative and q u alitative changes. It is know n that the protoplasm ic micro­
villi system  on the allanto-chorionic membrane can, by its secretional and re- 
sorptional activ ities, d irectly affect the elaboration and com position of allan­
toic flu id  ( M y s l i v e c k o v Á 1958, 1963). It m ay be assum ed therefore that the  
changes induced b y  virus infection are m anifestations o f the inhibition of 
cellular protein syn th esis and a profound interference with the m etabolism of 
the embryos.

Inhibition o f protein synthesis due to viral infection has so far been de­
scribed only on the lev e l o f tissue culture cells after infection w ith  certain D N A  

containing (adenovirus type 2 and 5, herpes sim plex virus and vaccinia  
virus) and RNA —  containing viruses (poliovirus 1 and 2, Mengo virus, en- 
cephalom yocarditis v irus, foot-and-m outh disease virus, Sindbis virus, V ene­
zuelan equine encephalitis virus, N ew castle disease virus, reovirus) (M a r t i n  

and K e r r , 1968). Presum ably the m echanism  o f the inhibition by fowl plague
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v iru s  will tu rn  o u t to  com ply  w ith  p rev a ilin g  ideas a b o u t how ce llu la r p ro te in  
sy n th es is  is b locked  on invasion  w ith  R N A  v iruses (S ummers  e t  a l., 1965; 
M a r t in  and  K e r r , 1968; So l o v y e v  an d  B a l a n d i n , 1969). In  th is  qu estio n , 
how ever, there  is c e rta in ly  difference o f opinion. I t  d em o n stra te s  in h ib itio n  of 
cell p ro teo sy n th esis  in  chick em bryo  cells a fte r in fec tion  by  N ew castle  disease 
v iru s  (S o lo vyev  a n d  B a l a n d i n , 1969).

The id e n tity  o f  th e  tw o co m p o n en ts  of IA F  w ith  sed im en ta tio n  coeffi­
c ien ts  above 15 S rem ain s un reso lved . One of th em  m ay  well re p re se n t th e  
v iru s  itse lf, while th e  second m ay  be e ith e r  a n o n -s tru c tu ra l v ira l p o ly p ep tid e  
or, p erh ap s, a free s tru c tu ra l  p o ly p ep tid e  p roduced  in su rp lus in th e  h o s t cell 
an d  n o t assem bled in to  th e  v irions.

A cknow ledgem ent

The au th o rs  w ould  like to  th a n k  Miss M aria  V ircík o v á  fro m  th e  D e p a rtm e n t o f E pizo- 
o to lo g y , V eterin ary  U n iv e rs ity , Kosice, fo r ca rry in g  ou t th e  u ltra ce n tr ifu g a tio n  analyses.

SU M M A RY

U sing e lec tro p h o re tica l and  se d im e n ta tio n  an a ly tica l tech n iq u es n o rm al a llan to ic  
f lu id  (A F) from  11-to 12-day-o ld  chick em b ry o s was show n to  c o n ta in  a t  m o st th re e  p ro te in  
com p o n en ts: (i) a c o m p o n en t w ith  a se d im e n ta tio n  coefficient o f ab o u t 25S (7 % ); (ii) a com ­
p o n e n t p resen t in a b o u t 1%  p ro p o rtio n ; a n d  (iii) a com ponen t w ith  a se d im en ta tio n  coeffi­
c ie n t o f ab o u t 4S (92% ). In fec ted  a llan to ic  f lu id  (IA F ) from  chick  em bryos in fec ted  w ith  fowl 
p lag u e  v irus com prised a t  le a s t five p ro te in  com ponen ts: i) a co m p o n en t w ith  a se d im e n ta tio n  
coefficien t of ab o u t 15S; ii) a  com ponent in  ju s t  de tectab le  a m o u n ts ; iii) a co m p o n en t w ith  th e  
se d im e n ta tio n  coefficient o f a b o u t 4S; an d  iv — v) tw o or m ore com ponen ts w ith  se d im e n ta tio n  
coefficien ts over 15S. A fte r  high-speed cen trifu g a tio n  IA F  o n ly  p ro te in  co m p o n en ts  w ith  
e s tim a te d  m olecular w e ig h ts o f ab o u t 66,000 an d  24,000 d a lto n s, in  p ro p o rtio n s o f  33 — 41%  
a n d  67— 59% , resp ec tiv e ly , rem ained .
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INCIDENCE OF CHLORINATED HYDROCARBON PESTI­
CIDES IN MEAT AND MEAT PRODUCTS
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C e n tra l L ab o ra to ry  (H ead : J .  T akács) of V e te r in a ry  M eat Control S erv ice , B u d ap est

(R eceived Ju n e  9, 1972)

In  the  p ast decade th e  scope o f food  te s tin g  has ex p an d ed  q u ite  consider­
ab ly . F o rm erly  hyg ien ic  contro l in v o lv ed  m o stly  d e tec tin g  food  th a t  w ould 
be p o te n tia lly  d e tr im e n ta l to  the h e a lth  of th e  consum er ow ing to  co n tam in a ­
tio n  w ith  m icroorganism s or the  to x in s  th e y  produce. Such co n tro l depends in 
th e  f i r s t  place upon o rgano lep tic  te s ts  t h a t  are  com pleted  w ith  la b o ra to ry  in ­
v es tig a tio n s  for rev ea lin g  the  m icroorgan ism s, usually  on a ra n d o m  sam pling  
b as is . The con tinual effo rts  to  increase y ie ld  in  b o th  crop c u ltiv a tio n  and  a n i­
m al b reed ing  sec to rs, how ever, have re su lte d  in  a g rea t p ro life ra tio n  in the 
n u m b e r  of o rgano lep tica lly  u n d e te c ta b le , b u t  for th e  co n su m er undesirab le , 
chem ica l residues in  p ro d u c ts  of an im al orig in . Such substances are  d em o n stra ­
b le  o n ly  b y  specific la b o ra to ry  m eth o d s for w hich  the  h y g ien ic  con tro l ( in s ti­
tu t io n s )  m ust be sp ec ia lly  p rep ared .

T he W orld H e a lth  O rgan isation  (W H O ) an d  th e  Food and  A g ric u ltu ra l O rgan isation  
(F A O ) have  repea ted ly  called  a tte n tio n  to  th e  dan g ers of undesirab le  food  residues. T hey hav e  
w a rn ed  th a t  the  q u a n ti ty  o f  herbic idal, ro d e n tic id a l, insecticidal, fu n g ic id a l and  b acteric id a l 
su b s ta n c es  in food m ay  be so high, especially  w hen th e y  can accu m u la te  in  th em  th a t  th ? ir  
in co rp o ra tio n  is likely to  b e  d e trim en ta l, carc inogen ic  or o therw ise d e le te rio u s  to h e a lth  or 
w o rk in g  capacity .

Accordingly m an y  coun tries have  leg is la ted  to  ensure w ith d raw al o f all foodstuffs of 
a n im a l origin th a t  c o n ta in  a n y  of these su b s tan ces  if  tr ia ls  should su g g est th e y  m ay hav e  a 
d e te rm in e n ta l effect on th e  consum er.

W e have carried  o u t  in v estiga tions to  d e te rm in e  w hether and to  w h a t e x te n t we m u st 
re ck o n  w ith  one class o f residues — th e  c h lo rin a te d  hyd ro carb o n  p estic id es — in th e  tissues 
o f  hog  a n d  cattle . In  th e  p re se n t work th e  ex p ress io n  pestic ides is u sed  in  th e  sam e sense as in 
th e  jo in t  order No 1/1970 (251) issued by  th e  H u n g a rian  M inistry  of H e a lth  and  th e  M in istry  
o f F o o d  and A griculture as a collective te rm  to  cover all residues h e rb ic id es, insecticides, ro- 
d e n tic id e s  and o ther chem ica l substances o f  v e te r in a ry  use or bio logically  active  substances 
a n d  th e ir  decom position or m etabolic  p ro d u c ts . In  th is  w ider sense th e  te rm  includes, how ever, 
h o rm o n e  p repara tions fo r p ro m o tin g  g row th  a n d  w eigh t gain, an tib io tic s , chem otherapeu tic* , 
a n ti-p a ra s it ic  drugs, tran q u illize rs , or o th er chem ica l substances too th a t  p e rs is t  in  an im al t is ­
sues a n d  so pass in to  th e  food  of the  h u m an  p o p u la tio n .

Sam pling

F irs t of all a su ita b le  sam pling  ro u tin e  h ad  to  be e la b o ra te d  th a t  w ould  
en su re  th e  collection o f  re p re se n ta tiv e  in fo rm a tio n  on the  p estic id e  level o f an 
a n im a l popu lation  or a b a tch  of a p ro d u c t. T he sam pling m e th o d  was devised
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fo r th e  v e te r in a ry  officer, w ho sends th e  sam ples fo r la b o ra to ry  te s tin g  to ­
g e th e r w ith  a re p o r t  filled  in  accord ing  to  th e  su p p le m e n t No 7. to  th e  M eat 
H ygiene R eg u la tio n s  o f  O rder N o. 1/1964.

The fo llow ing sam ples m u s t be su b m itte d  fo r th e  la b o ra to ry  co n tro l: 
m uscle an d  f a t ty  tissu e , liv e r an d  k id n ey , cocked m e a t p ro d u c ts  (canned  an d  
sem i-p reserved  conserves), an d  o therw ise  p reserved  (sa lte d  7 dried an d  r ip e n ­
ed) p roduc ts an d  s tu ffed  in to  casings.

A t a b a tto irs  p ro d u c in g  m e a t fo r e x p o rt a re p re se n ta tiv e  series o f ho m o ­
genized m uscle sam ples m u st be ta k e n  daily  from  th e  anim als s lau g th e red  
th ro u g h o u t th e  d ay . T he g re a te s t com posite  sam ple u n i t  is 20 000 kg , an d  
200 gram s o f m uscle  m u st be ta k e n  from  every  2 000 k g  m eat. T he sam ples 
rep resen tin g  each  sam ple  u n it  (n o t m ore th a n  ten) a re  th o ro u g h ly  m ixed  an d  
hom ogenized an d  red u ced  to  100— 150 g w ith  m ix ing  a n d  tak in g  th e  q u a r te r  
o f  the  am o u n t an d  se n t to  th e  la b o ra to ry  for an a lysis  as a hom ogenate  in  a 
sealed  co n ta in e r w ith  a p p ro p ria te  id e n tif ic a tio n  k e p t  0 —4° C by  a p p ro p ria te  
cooling.

F or pu rp o ses  o f  con tro llin g  in d iv id u a l hog an d  c a tt le  herds a g roup  o f 
an im als o rig in a tin g  from  th e  sam e fa rm  form s one sam p le  u n it. In  t h a t  case 
sam ples of m uscle, f a t ty  tissue  an d  liv e r  are tak en  a t  ra n d o m . The p re p a ra tio n  
o f  th e  sam ples fo r la b o ra to ry  is th e  sam e as above.

Sam pling  o f  m e a t p ro d u c ts  h e a t s terilized  in  c o n ta in e rs  is carried  o u t on a 
ran d o m  basis.

M ethods

The ch lo rin a ted  h y d ro ca rb o n  pestic id es  were e x tra c te d  from  the  h o m o ­
genized  sam ples w ith  p e tro leu m  e th e r  an d  p u rified  on  a ch ro m ato g rap h ic  col­
u m n . A fter e v a p o ra tin g  o ff th e  so lven t q u a lita tiv e  a n d  q u a n tita tiv e  d e te rm i­
n a tio n s  w ere c a rr ie d  o u t b y  th in  lay e r- an d  gas c h ro m a to g ra p h y  (B e k e n d  e t 
a l., 1971; Cs o n t y  e t  a l., 1969; O n l e y , 1964; Soós, 1969; T hompson  e t  a l., 
1969; W i n d i i a m , 1969).

Results

The residue  co n cen tra tio n s  are sum m arized  in  th e  a tta c h e d  five tab le s  
so as to  allow re a d y  com parison  o f the  re su lts  o b ta in ed  b y  th e  th in -lay e r ch ro ­
m ato g rap h ic  (TLC) an d  gas ch ro m a to g rap h ic  (GC) m e th o d s . The figu res for 
ty p ic a l pestic ide residue  levels (Table Y) w ere ca lcu la ted  from  the  m ean  v alues 
(X ) of b o th  TLC an d  GC resu lts . M inim um  and  m ax im u m  values are reco rd ed  
to  ind icate  th e  ran g e  o f c o n ta m in a tio n .
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T able  I
Investiga tions for C hlorinated H y d ro carb o n  Pesticides in Pig T o ta l no. o f  sam ples: 121

M aterial
to ta l

am ount
Mean

values,
range

Method no. 
of

samples

DDT D DE DDD
Total
DDT Lindane a-HCH /3-НСН d-HCH

T otal
H C H -f

lindane
sampled mg/kg

TLC
38 0.057 0.035 — 0.093 0.017 о

3
0
2

0
l

0
6

X

GC
55 0.038 0.011 0.016 0.065 0.015 0.007 о

2
0 0.007 1

m uscle

T L C +  
GC 93 0.046 0.021 0.076 0.016 0

4
0
l 0.004

16895
TLC 0.02

0.16
0.00
0.10

— 0.04
0.24

0.00
0.04

0.00
0.01

0.00
0.01

0.00
0.01

0.00
0.02

min.
m ax. GC 0.01

0.09
0.002
0.022

0.004
0.030

0.026
0.136

0.005
0.117

0.002
0.024

0.00
0.012

0.00
0.00

0.002
0.024

T L C +
GC

0.01
0.16

0.00
0.10

0.004
0.03

0.03
0.24

0.00
0.12

0.00
0.024

0.00
0.012

0.00
0.01

0.00
0.024

TLC
4 0.34 0.14 — 0.48 0.04 0.00 0.012 0

1 0.023

X
GC
10 0.507 0.195 0.057 0.759 0.087 0.038 0

2 0 0.043 I

fa tty
T L C +
GC 0.14 0.18 0.69 0.07 — —

0
1 0.04

tissue
914 TLC 0.06

0.50
0.02
0.25 —

0.08
0.75

0.02
0.06

0.0
0.0

0.0
0.02

0.0
0.02

0.01
0.04

min.
m ax.

GC 0.170
0.936

0.057
0.400

0.023
0.100

0.280
1.436

0.019
0.455

0.010
0.107

0.0
0.060

0.0
0.0

0.10
0.107

T L C +
GC

0.06
0.936

0.02
0.40

0.023
0.100

0.080
1.436

0.019
0.455

0.010
0.107

0.0
0.060

0.0
0.02

0.010
0.107

TLC
4 0.023 0.01 — 0.032 0.017 0.00 0.005 0.00 0.005

X
GC
10 0.025 0.015 0.024 0.060 0.012 0.006 0.005 0.00 0.012 j

liver

T L C +  
GC 14 0.024 0.013 0.053 0.013 0.005 0.00 0.010

914
TLC 0.02

0.03
0.00
0.02 —

0.03
0.04

0.01
0.02

0.0
0.0

0.0
0.01

0.0
0.0

0.0
0,01

min.
m ax. GC

0.00
0.091

0.00
0.021

0.00
0.046

0.00
0.154

0.00
0.038

0.00
0.012

0.00
0.020

0.00
0.00

0.002 
0 031

T L C +
GC

0.00
0.091

0.00
0.021

0.00
0.046

0.00
0.154

0.00
0.038

0.00
0.012

0.00
0.020

0.00
0.00

0.00
0.031
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Table II
Investiga tions for C h lo rin a ted  H ydrocarbon  Pesticides from  C attle  T o ta l no. of sam ples: 95

Material
t o ta l

am o u n t
sampled

Mean
values

and
range

M e th o d  no. 
o f

sam ples

D D T D D E D D D
D D T
T o ta l L ind ane a-HCH /3-НСН Ő-HCH

T ota l
HCH

l indane

mg/k g

TLC
43 0.039 0.022 — 0.061 0.014 0

9
0
9 0 0

12
GC
16 0.025 0.01 0.013 0.049 0.012 0.007 0

1 0 0.008
X

T L C +
GC
59

TLC

0
10muscle

11451

0.035 0.019 - 0.058 0.013 0.005 0 0
27

0.0
0.1

0.0
0.5

0.0
0.5

0.0
0.05

0.0
0.04

0.0
0.04

0.0
0.0

0.0
0.08

min.
m ax. GC 0.013

0.04
0.005
0.019

0.006
0.038

0.025
0.088

0.007
0.018

0.004
0.015

0.0
0.0

0.004
0.028

T L C +
GC

0.0
0.1

0.0
0.5

0.0
0.5

0.0
0.05

0.0
0.04

0.0
0.04

0.0
0.0

0.0
0.08

TLC
11 0.138 0.25 — 0.39 0.118 0.078 0.092 0

1 0.172

GC
6 0.154 0.326 0.058 0.52 0.097 0.084 0.01 0 0.092

fa tty
tissue

T L C +
GC ;0.144 0.28 - 0.44 0.11 0.08 0.06 0.014 1

TLC 0.01
0.40

0.04
0.50 —

0.10
0.90

0.02
0.50

0.0
0.5

0.0
0.30

0.0
0.02

0.0
0.062

min.
m ax. GC 0.08

0.315
0.138
0.750

0.017
0.158

0.256
0.890

0.037
0.138

0.020
0.158

0.0
0.02

0.0
0.0

0.020
0.158

T L C +
GC

0.01
0.4

0.04
0.75 —

0.1
0.9

0.02
0.5

0.0
0.5

0.0
0.3

0.0
0.02

0.0
0.62

TLC
13 0.024 0.01 - 0.035 0.014 0.005 0.021 0

1 0.027

X
GC
6 0.011 0.012 0.012 0.036 0.008 0.007 0.011 0

1 0.022

T L C +
GC 0.02 0.011 - 0.035 0.012 0.006 0.018 2 0.026 J

6240
IV

TLC 0.0
0.05

0.0
0.04

—
0.0
0.09

0.0
0.04

0.0
0.02

0.0
0.1

0.0
0.01

0.0
0.12

min.
m ax. GC 0.0

0.021
0.0
0.020

0.0
0.020

0.0
0.058

0.0
0.017

0.0
0.016

0.0
0.03

0.0
0.018

0.008
0.039

T L C +
GC

0.0
0.05

0.0
0.04

0.0
0.09

0.0
0.04

0.0
0.02

0.0
0.1

0.0
0.018

0.0
0.12
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T ab le  I I I

In v estig a tio n s for C hlorinated  H y d ro carb o n  Pesticides im ported  B eef an d  Lard.
Total no. o f  sam ples: 11

M aterial 
to ta l am ount 

sam pled

Mean
values

of
samples

DDT DDE DDD
Total
DDT Lindane a-HCH /3-НСН «5-HCH

Total
HCH

lindane

mg/kg

B eef (D B R ) X
50 000 kg 3 0.04 0.02 — 0.06 0.013 0.005 0 0 0.005

B eef (F ran ce) X
60 000 kg 4 0.037 0.012 — 0.05 0.02 0.007 0 0 0.007

B eef (H o lland) X
10 000 kg 1 0.05 0.02 — 0.07 0.03 0.01 0 0 0.01

L ard  (U S SR ) X
40 000 kg 3 0.053 0.02 — 0.073 0.01 0.013 0.033 0 0.047

A ldrin  -|- d ie ld rin  were d e tec ted  in  the sam ples in  8 cases by  TLC 
m e th o d :

in  2 sam ples o f hog fa tty  tissu e  
in  3 sam ples o f bovine fa t ty  tissu e  
in  1 sam ple o f bovine m u scu la r tissue 
in  1 sam ple o f canned  ox to n g u e /to ta lly  

sterilized
in  1 sam ple o f sem i-preserved  can n ed  ham  
T hese q u a n titie s  w ere w ith in  p e rm issib le  levels

D iscussion

T h e detec tion  o f  ch lo rina ted  h y d ro c a rb o n  pestic id  res id u es a 20 g sam ple 
o f m e a t  (or m eat p ro d u c t) , and a 10 g sam ple of fa t ty  tissu e  w h en  th in -lay e r 
ch ro m a to g rap h y  is ap p lied , while w ith  gas ch ro m ato g rap h ic  m e th o d  the  q u a n ­
t i t ie s  a re  respec tive ly  5 and  1 gram  only . M oreover th e  gas ch ro m ato g rap h ic  
m e th o d  is quicker, ch eap er, and its  re su lts  are more accu ra te . In  our e s tim a ­
tio n  th e  costs are a b o u t h a lf  these o f th e  tliin -lay e r ch ro m a to g rap h y . N e v e rth e ­
less th e  gas ch ro m ato g rap h ic  m e th o d  has its  own problem s an d  lim its. F o r 
e x a m p le  on a colum n p acked  w ith  3 %  SE -30, an y  ß-, y- an d  ő-Н С Н  from  on ly  
a sing le  peak  while a ld rin  forms a com m on  p eak  w ith  an y  su lp h u r  occurring  
in  th e  sam ple.

T h is d ifficu lty  can  be avoided a n d  th e  H C H  isom ers se p a ra te d  com pletely  
p a c k in g  th e  colum n w ith  5%  OV-17 -f- 5 %  SF-96 b u t such  a colum n is n o t 
su ita b le  for rou tine  assays because o f  th e  long run n in g  tim e.

(0.02— 0.04 mg/kg) 
(0.02— 0.04 m g/kg) 
(0.01 m g/kg)

(0.03 m g/kg)
(0.01 m g/kg)
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Table IV
Investiga tions for C h lo rina ted  H ydrocarbon  P esticides in  Canned Food . T otal no. of sam ples: 43

Material  
t o ta l  a m o u n t  

sampled

M
ea

n 
va

lu
es

 
an

d 
ra

ng
e

M
et

ho
d 

N
o.

 o
f 

sa
m

pl
es

D D T D D E D D D Tota l
D D T

Lindane

m g /k g

a - H C H /J-HCH d-HCH
T ota l
H C H

l indane

TLC
12 0.026

l
— 0.033 0.009 0

l
0
l

0
1

0
2

X

GC
9 0.045 0.015 0.014 0.075 0.011 0.009 0

l
0 0.01

Sem i-preserv- T L C + 0 0 0 0
ed canned
ham  9659

GC 0.034 0.011 0.051 0.011 10 2 11

TLC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.03 0.08 0.04 0.01 0.0 0.0 0.01

m in. GC 0.023 0.008 0.006 0.039 0.007 0.005 0.0 0.0 0.005
m ax 0.086 0.019 0.024 0.128 0.016 0.016 0.013 0.0 0.021

T L C + 0.0 0.0 0.006 0.0 0.0 0.0 0.0 0.0 0.0
GC 0.086 0.03 0.024 0.128 0.04 0.016 0.04 0.0 0.040

TLC
6

0.204 0.04 0.242 0.01 0 0 0 0

X

GC
3 0.046 0.016 0.019 0.074 0.008 0.006 0 « 0.006 I

T L C +
GCSem i-preserv­

ed canned
0,151 0.031 — 0.186 0.011 - 0 0 —

9
shoulder
3519 TLC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1.0 0.2 1.2 0.025 0.0 0.0 0.0 0.0

min. GC 0.027 0.010 0.010 0.05 0.005 0.002 0.0 0.0 0.002
m ax 0.065 0.025 0.017 0.101 0.010 0.012 0.0 0.0 0.012

T L C + 0.0 0.0 0.010 0.0 0.0 0.002 0.0 0.0 0.002
GC 1.0 0.2 0.017 1.2 0.025 0.012 0.0 0.0 0.012

M iscellaneous TLC 0.09 0.045 0.135 0.023 0
1

0
1 0 0

1to ta lly  steri- 6
lised conserv­
ed:
4 lb pork loin

GC
7X

0.062 0.044 0.026 0.133 0.016 0.009 0 0 0.01 1

T L C +4 lb chopped
pork
picnic ham

GC
13

0.077 0.044 1 - 0.134 0.02 0.0 0.0 —

ox tongue 
luncheon TLC 0.04 0.045 0.06 0.01 0.0 0.0 0.0 0.0
m ea t 0.15 0.01 0.25 0.05 0.01 0.02 0.0 0.03

4 lb pork 
shashlik min. GC 0.015 0.010 0.008 0.033 0.011 0.004 0.0 0.0 0.004

m ax. 0.150 0.084 0.050 0.245 0.028 0.020 0.0 0.0 0.020
pork  tongue
m ortadella T L C + 0.04 0.01 — 0.033 0.01 — 0.0 0.0 —
b eef stew 
5901

GC 0.15 0.1 0.25 0.05 0.0 0.0
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T able V

M ean concentra tions of Chlorinated H ydrocarbon  Pesticide (in m illigram /kg body weight)

A m o u n t
sam pled M ateria l no. sam ples D D T D D E D D D

T o ta l
D D T L in d an e a -H C H ß - H C H y-H C H

T o ta l
H C H

lin d an e

N o. of 
teste

16 895 pig muscle 93 0.046 0.021 0.016 0.076 0.016 0.007 о 0 0.007
914 pig fa tty  tissue 14 0.46 0.18 0.057 0.69 0.07 0.038 0. 0 0.04 121
914 pig liver 14 0.024 0.013 0.024 0.053 0.013 0.006 0.005 0 0.010

11 451 bovine m uscle 59 0.035 0.019 0.013 0.058 0.013 0.005 0 0 0
5 040 bovine fa tty  tissue 17 0.144 0.28 0.058 0.44 0.11 0.08 0.06 0 0.014 95
6 240 bovine liver 19 0.02 0.011 0.012 0.035 0.012 0.006 0.018 0 0.026

50 000 kg beef (D B R ) 3 0.04 0.02 — 0.06 0.013 0.005 0 0 0.005
60 000 kg beef (F rance) 4 0.037 0.012 — 0.05 0.02 0.007 0 0 0.007 11
10 000 kg beef (H olland) 1 0.05 0.02 — 0.07 0.03 0.01 0 0 0.01
4 wagon lard (USSR) 3 0.053 0.02 — 0.075 0.01 0.013 0.033 0 0.047

9 659 db sem i-preserved 
canned ham  21 0.034 0.011 0.014 0.051 0.011 0 0 0 0

3 519 db sem i-preserved 
canned shoulder 9 0.151 0.031 0.019 0.186 0.011 0.006 0 0 0.006

43

5 901 db o th er to ta lly  
sterilized conserves 13 0.077 0.044 0.026 0.134 0.02 0.009 0 0 0.01

T o ta l: 270
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U sing th is  l a t t e r  colum n a p eak  w as o b ta in ed  a t  th e  place o f th e  s ta n d a rd  
Ö-HCH. This sug g ests  c o n tra ry  to  re p o rts  in th e  l i te ra tu re , th a t  th e  p ro p o rtio n  
o f ô-isom er am ong  th e  isom ers is n o t neg lig ib le. F u r th e r  investig a tio n s m ust 
he carried  o u t to  c le a r  up th is q u estio n .

From  a co m p ariso n  of the  reco v eries  o b ta in ed  b y  th in la y e r ch ro m a to ­
g raph ic  and  gas ch ro m ato g rap h ic  m e th o d s  i t  can  be estab lished  th a t  th e  sol­
v e n t  e x tra c tio n  s te p  re su lts  in a 10— 2 0 %  loss o f  ac tiv e  substances.

D uring  th e  8 -m o n th  in v es tig a tio n a l period  on ly  one sam ple o f sem i- 
preserved  can n ed  sh o u ld e r co n ta ined  residues o f D D T  over th e  p e rm itte d  
q u a n tity . The q u a n t i ty  of HCH isom ers was perm issib le .

In  the  fu tu re  th e  routine assay  fo r ch lo rin a ted  h y d rocarbon  pestic ides 
residues in liver sam p les  can n o rm ally  be d ispensed  w ith , because accord ing  
to  our in v es tig a tio n s  th e se  residues do n o t accu m u la te  in  th is  o rgan . I t  is s till 
im p o r ta n t, h ow ever, to  te s t  the liv e r in  cases o f acu te  in to x ica tio n .

G enerally  sp e a k in g  muscle, liv e r  an d  f a t ty  tissue  co n ta ined  m ore D D T 
an d  H C H  th a n  sam p les  from  ca ttle .

F u rth e rm o re , f a t ty  tissues c o n ta in e d  a b o u t 10 tim es m ore D D T  an d  5 
tim es m ore lin d an e  th a n  muscle tissu es .

The figures d e riv in g  from the  in v es tig a tio n s  o f large an im al groups in d i­
cate  a s ign ifican t v a r ia tio n  in the  q u a n t i ty  of pestic ide residues betw een  in d i­
v id u a l farm s.

C o n cen tra tio n s o f  DDT, D D E , D D D , a-, ß-, y -, ó-H C H , a ld rin  an d  diel- 
d rin  residues w ere d e te rm in ed  p a ra lle lly  b y  th in - la y e r  ch ro m ato g rap h ic  and  
gas ch ro m ato g rap h ic  m ethods in a lto g e th e r  93 sam ples of pig m uscle, 14 of 
pig fa t ty  tissue , 14 o f  p ig  liver; 59 sam p les  o f bovine m uscle, 17 of bovine f a t ty  
tissu e , 19 of bov ine  liv e r; 3 sam ples o f  b e e f  from  th e  G R F , 4 from  F ran ce  an d  
one from  H o llan d ; 3 sam ples of la rd  from  th e  U S S R ; 21 sam ples of can n ed  h am , 
9 o f canned  sem i-p rese rv ed  shoulders a n d  13 o f o th e r  to ta lly  sterilised  canned  
m e a t p ro d u c ts . S am p lin g  was carried  o u t  by  co llecting  of com posite sam ples 
an d  ta k e n  th em  a t  ran d o m .

A single sam p le  o f  sem i-preserved  canned  shou lder h ad  a D D T  c o n te n t 
above th e  level p e rm itte d  by  c u rre n t H u n g a ria n  regu la tions.
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ATTEMPTS TO IMMUNIZE GEESE WITH IRRADIATED 
AND NORMAL LARVAE OF A M I D O S T O M U M  A N  S E R I  S

B y

D. Y. P h u c  and I . V a r g a

D e p a rtm e n t o f G eneral Zoology and P a ra s ito lo g y  (H ead : P rof. T. K o b u l e j), U n iv e rs ity  o f 
V eterinary  Science, B u d a p es t

(R eceived F e b ru a ry  6, 1973)

C onsidering  th e  h ig h  incidence of am id o sto m o sis in  geese in  m an y  coun tries , u n d u ly  
little  in fo rm a tio n  is av a ilab le  on the  im m uno log ica l aspects o f th is  in fec tion . G e o r g i e v  ( 1 9 6 3 )  
rep o rted  f i r s t  on im m u n iza tio n  experim ents in  w hich  goslings a t  th e  age of 1 5  d ay s w ere in ­
fected  each  w ith  2 5  la rv a e  of A m idostom um  anseris  and  challenged w ith  2 5 0  or 1 0 0 0  la rv a e  
e ith e r 1 5 ,  3 0  or 6 0  days la te r. On the  g ro u n d  o f w orm  burdens, no im m u n ity  w as obse rv ed  in  
any  group  o f anim als, n e ith e r in  those w h ich  w ere r id  of th e  p a ra s ite s  o f p rim ary  in fec tio n  b y  
a d m in is tra tio n  of ca rb o n  te trach lo rid e  b efo re  th e  secondary  in fection .

A n tigen ic  p ro p e rtie s  o f  ad u lt w orm s of A . anseris were d e m o n s tra ted  b y  B ausov  
(1969) in  double  gel d iffusion  te s t  in w hich  se ra  o f b o th  ra b b its  sensitized  b y  w orm  e x tra c ts  
and  those  of geese w ith  a n a tu ra lly  acqu ired  in fec tio n  were em ployed. A lth o u g h  on ly  low  level 
o f p re c ip ita tin g  an tib o d ies  w ere de tected  in  th e  se ra  of geese, i t  w as concluded  t h a t  an tib o d ies  
to g e th e r w ith  o th e r defensive  m echanism s o f th e  h o s t m igh t p lay  c e rta in  role in  th e  re sis tan ce  
to  th e  e s tab lish m en t o f la rg e r worm  p o p u la tio n s .

On th e  su p p osition  th a t  the  fa ilu re  to  get an  im m une response in  G e o r - 
GIEv ’s ex p erim en ts  w as perhaps clue to  th e  ex trem ely  sm all n u m b er o f la rv ae  
used  fo r p r im a ry  in fec tio n , some te n ta t iv e  ex p erim en ts  have  been  designed  to  
im m unize  geese a t d iffe ren t age w ith  la rg e r num bers o f ra d ia tio n  a t te n u a te d  
and  n o rm a l la rv ae  o f A . anseris.

M aterial an d  m ethods

T he p re p a ra tio n  o f infective s ta g e  la rv ae  of A . anseris , ir ra d ia tio n  an d  
in fec tion  p rocedures w ere the  sam e as described  in  a p rev ious p a p e r  ( P h u c  
and  V a r g a , 1972). G oslings of R a jn a  b re e d  w ere o b ta in ed  from  a local h a tc h e ry  
and  w ere housed  in  a w ire floor b a t te r y  from  the  f irs t  p o st-h a tch in g  d a y  to  
p re v e n t sp o n tan eo u s in festa tio n  w ith  A m idostom um . The anim als w ere a llo t­
te d  in to  severa l g roups, w ingbanded  a n d  fed  com m ercial goose m ash . O n th e  
f irs t  p o s t-h a tc h in g  d ay , tw o groups o f  goslings were dosed w ith  la rv ae  i r r a d ia t ­
ed a t  40 k ilo rad , a n d  th is  was re p e a te d  in  one of th e  tw o groups one w eek  
la te r . T he challenge (an d  infection  o f  con tro ls) w ith  n o rm al la rv ae  to o k  p lace 
tw o w eeks a f te r  th e  second in o cu la tio n  (T able I). F rom  d ay  14 of th e  challenge 
onw ards, d ropp ings o f  ind iv idual b ird s  w ere daily  exam ined  for th e  p resence  
of A m id o sto m u m  eggs b y  th e  com m on co n cen tra tio n  m eth o d , an d  th e  n u m b e r 
o f eggs p e r  gram  (E P G ) of faeces in  sam ples ta k e n  from  daily  pooled o u tp u t  
in  each  g roup  was d e te rm in ed  by  th e  s ta n d a rd  M cM aster egg co u n tin g  tech -
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Table I

Im m unization  of goslings w ith  irrad ia ted  la rv ae  of A m idostom um  anseris. F irs t im m u n iza tio n  
w as carried  ou t on  th e  f i r s t  p o st-ha tch ing  d ay , a n d  th e  second one week la te r. Challenge w it  
no rm al larvae took  p lace  a t  th e  age of th ree  w eeks, an d  th e  necropsies w ere perform ed a t th e  age

of seven w eeks

N o. of No. o f i r r a d ia te d  la rv a e N o. of 
no rm al 
la rv ae

N e c ro p sy  w o rm  b u rd en s 
(m ean  ^ s t a n d a r d  d ev ia ­

tio n s)

M ean  w orm  len g th s  (m m  ± S .  D .)
goslings

1st dose 2 n d  dose î î S3

10 1 000 — 500 242.7 + 121.9a 1 9 .1 ± 1 .6 b 1 3 .5 ± 0 .8 b

3 1 000 — — 3 2 .0 +  19.0 15.9 +  1.9 No m ales

11 1 000 1 000 500 336.2 +  192.03 1 9 .0 ± 1 .7 b 1 3 .6 ± 1 .0 b

3 1 000 1 000 — 5 5 .3 +  15.0 16.6 +  2.1 9.3 + 0.5 

(3 m ales)

11 — 500 1 9 3 .1 +  87.0 19.7 +  1.5 13.9 +  0.9

Level of sign ificance: a, p >  0.1; b , p <  0.001

n iq u e . F our w eeks a f te r  the  challenge, all goslings in these  groups were k illed  
an d  th e  gross p a th o -m o rp h o lo g ica l changes in th e  g izzard  exam ined . The w orm s 
reco v ered  from  th e  g izzard  m ucosa w ere sexed  an d  th e ir  len g th  d e te rm in ed  
b y  m easuring 30 m ales and  30 fem ales (if possible) selected  a t random  from  
each  anim al. H o w ev e r, sterile  fem ales a p p a re n tly  arising  from  th e  irra d ia te d  
la rv a e  in the  im m u n ized  groups w ere n o t m easured .

A t the age o f  3 m on ths, a rem a in in g  g roup  of goslings were in fec ted  
w ith  norm al la rv a e  o f  A . anseris. A fte r  reach in g  m a tu r i ty  an d  d ischarg ing  
eggs for 4 w eeks, th e  w orm s were expelled  b y  tre a tin g  th e  geese w ith  0 .01%  
D itr ip h o n  ( tr ic h lo rp h o n ) in th e  d rin k in g  w a te r  over a w eek as recom m ended  
b y  K o b u l e j  (1970). S im ilar tre a tm e n t w as sim u ltan eo u sly  carried  ou t also on 
th e  un in fected  c o n tro ls . Follow ing a p au se  o f  4 days, th e  an im als w ere r e in ­
fec ted  to  be cu red  in  a  sim ilar w ay  once m ore . S u b seq u en tly , b o th  the  p rev io u s­
ly  infected  an d  co n tro l geese w ere challenged  (infected) w ith  norm al la rv a e , 
egg counts m ade from  the  14th  day , k illed , e tc . as a fo re-m entioned .

The p ro ced u re  o u tlin ed  for 3 -m o n th -o ld  geese was carried  th ro u g h  also 
on a group of 1 4 -m on th -o ld  geese. T he l a t te r  an im als w ere, how ever, n o t r e a r ­
ed  in  the la b o ra to ry , b u t  were as a d u lts  p u rch ased  in  a fa rm  w ith  a h is to ry  o f 
o n ly  sporadic in c id en ce  of am idostom osis. O n a rr iv a l to  th e  la b o ra to ry , th re e  
o f  th e  tw elve geese passed , how ever, a few eggs of A m idostom um  in the  faeces. 
T h u s , all the  tw e lv e  an im als were tr e a te d  w ith  D itr ip h o n  p rio r to  th e  f irs t  
ex p erim en ta l in fe c tio n . The th ree  geese w ith  n a tu ra l in fec tion  and  th ree  r a n ­
dom ly  selected ones c o n s titu te d  th e  g roup  to  be tw ice in fec ted  and tr e a te d  
p rio r to  the ch a llen g e , and were la te r  re fe rred  to  as “ im m u n ized ”  (Table I I ) .  
T h e  rem ain ing  s ix  geese served  as co n tro l, a lth o u g h  th e ir  being free o f th e  
in fection  was m ere ly  assum ed.
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Table II

Im m unization  experim ents in 3-m onth-old and  14-m onth-old geese w ith  norm al larvae  of A m i-  
dostomum anseris. M atu re  w orm s developing from  th e  f irs t inocu la tion  w ere rem oved by  a n ­
the lm in tic  m edication p rio r  to  th e  second inocu la tion , and  so were th e  la tte rs  before th e  th ird  
(challenge) infection to o k  p lace approx. 3 m o n th s a fte r th e  f irs t inocu lation . Necropsies were 

perform ed four weeks a fte r  challenge

No. of Age N um ber of larvae per inoculum Necropsy worm burdens 
(mean ± S.D.)

Mean worm lengths (mm i  S. D.)
geese (months^

1st 2nd 3rd 9 9 S 3

5 3 1 200 2 500 1 200 385.2 +  67.4C U .2 ± 3 .5 C 9 .1 ± 2 .3 C

5 3 — — 1 200 202.4 +  77.0 1 4 .4 + 6 .8 11.6 +  2.7

6 14 2 000 2 000 2 000 38.8 +  31.3a 1 2 .6 ± 3 .2 C 9 .7 ± 2 .8 b

6 14 — — 2 000 19.0 +  24.6 14.6 +  3.5 10.8 +  2.6

Level of significance: a, p >  0.1; b, p  <  0.05; c, p <  0.01

Table I I I

P e r cen t tak e  and len g th  of A m idostom um  anseris recovered from  th e  gizzard of geese infected 
a t d iffe ren t age and killed fo u r weeks a fte r infection

No. of
Age No. of larvae

Take
(mean + S. D.)

Length of worms (mean in mm ^  S. D .
animals |

S3 99

4 2 days 500 7 7 .7 +  5.9 13.5 +  0.8 18.9 +  1.7

11 3 weeks 500 38.1 +  17.6 13.9 +  0.9 19.7 +  1.5

5 6 m on ths 1200 1 6 .8 +  2.1 11.6 +  2.7 14.4 +  6.8

6 17 m on ths 2000 0 .9 +  0.7 10.8 +  2.6 14.6 +  3.5

G roups of ra n d o m ly  selected  geese a t th e  age of 3 m o n th s , an d  14 m o n th s, 
resp ec tiv e ly , in c lu d ed  in  T able I I ,  an d  in  ad d itio n  a g roup  o f one-day-o ld  gos­
lings, no t inc luded  in  T ab le  I , w ere in jec ted  in tra v e n o u s ly  w ith  bovine serum  
a lb u m in , and  b led  seven  days la te r . T he presence o f  se ru m  p recip itin s w as 
scan n ed  by  th e  s ta n d a rd  in te rfac ia l ring  te s t.

The im m u n ity  w as assessed b y  com paring  the  n u m b e r  an d  size of w orm s 
reco v ered  a fte r challenge in  th e  im m unized  anim als w ith  th o se  o b ta in ed  from  
th e  co rrespond ing  con tro ls.

F o r s ta tis tic a l analysis S tu d e n t’s t - te s t  was ap p lied  an d  th e  co rre la tion  
coefficien t (r) w as calcu la ted .

R esults

E ach  gosling im m unized  w ith  single or double doses of ir ra d ia te d  la r ­
vae as well as th e  co n tro l an im als com m enced passing  eggs of A m idostom um  
anseris in the faeces on the  14th  d ay  a fte r  challenge (in fec tion) w ith  no rm al
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la rv a e . A lthough th e  E P G  v aried  from  50 to  825 over th e  tw o  w eeks’ ex am in a ­
tio n  period , th e  o u tp u t  o f eggs in b o th  im m unized  g roups w as com parable  to  
t h a t  o f controls. A t p o s t-m o rtem , severe gross pa th o -m o rp h o lo g ica l changes 
ch a rac te ris tic  o f am id ostom osis w ere found  in th e  co n tro l an d  p a rticu la rly  in 
th e  im m unized a n im a ls . Less severe lesions were also o bserved  in goslings 
h a v in g  been in o c u la te d  on ly  w ith  ir ra d ia te d  la rv ae . T he la t te r  changes w ere, 
how ever, more e x te n s iv e  th a n  no ticed  in goslings in o cu la ted  w ith  such larvae  
in  a previous e x p e r im e n t ( P h u c  an d  Va rg a , 1972). T h is m ay  be due to  the  
la rg e r  am ount o f la rv a e  used  in th e  p re se n t ex p erim en t, an d , p erh ap s, to  som e 
u n d e r-irrad ia tio n  as som e m ale w orm s w ere tra c e d  am ong th e  sterile  fem ales.

D a ta  p re sen ted  in  T ab le  I  a t te s t  to  a com plete  lack  o f im m u n ity  in  te rm s 
o f  w orm  burdens. T h e re  were m ore p a ras ite s  recovered  from  th e  im m unized  
goslings th a n  from  co n tro ls  even if  th e  m ean  n u m b e r o f “ vaccine w orm s”  
h a rv e s te d  from  goslings hav in g  received  irra d ia te d  la rv ae  o n ly  was s u b tra c t­
ed . The difference b e tw een  th e  im m u n ized  and  con tro l g roups w as co nsisten t 
a lth o u g h  no t s ig n if ic a n t as ju d g ed  b y  th e  t - te s t  (p 0.1). T he difference in 
size o f worm s was n o t  conspicuous, y e t, th e  len g th  of b o th  m ales and  fem ales 
w as sign ifican tly  sm a lle r  in  th e  im m u n ized  groups th a n  in  th e  contro ls. A l­
th o u g h  the m ean le n g th  o f w orm s w as g re a te r  in b irds w ith  least p arasites th a n  
in  tho se  w ith  h ea v y  w o rm  b u rd en s , th e  co rre la tion  b e tw een  th e  len g th  and  
n u m b e r  of worm s in in d iv id u a l hosts was n o t s ign ifican t (r > 1 ) .

V irtua lly  th e  sam e  resu lts  w ere o b ta in ed  w ith  o lder geese being tw o tim es 
r id  o f exp erim en ta l in fec tio n  w ith  n o rm al la rvae  b y  m ed ica tio n  p rio r to  the  
challenge (Table I I ) .  E g g s  of A m idostom um  in  th e  faeces o f  3 -m onth-o ld  geese 
( th is  denotes th e  age a t  in itia l in o cu la tio n  only ; th e  a c tu a l age being app rox , 
s ix  m onths) f irs t a p p e a re d  on d ay  15 a f te r  th e  challenge, w h ils t th is  took  place 
on  d a y  23 and  25 in  th e  14-m onth-o ld  (in fac t: 17) im m u n ized  and  con tro l 
geese, respectively . I n  th e  faeces o f 3 -m onth-o ld  geese, a m ax im um  of 175 
E P G  were recorded  in  b o th  im m unized  an d  con tro l an im als . In  view  of th e  
v e ry  sm all n u m b er o f  eggs in  the  faeces of 14-m onth-old  geese, i t  was im possi­
ble to  m ake reliable egg cou n ts . T hus, th e  presence of eggs w as d em o n stra ted  
o n ly  b y  the  c o n c e n tra tio n  m eth o d  y ie ld in g  no obvious d ifference betw een  th e  
im m u n ized  and c o n tro l an im als.

A t p o st-m o rtem , m ore  or less severe lesions were o bserved  in the  im m u ­
n ized  and  contro l an im a ls  alike. A group of ran d o m ly  se lec ted  gizzards of 3- 
m o n th -o ld  geese are show n in Fig. 1. V arious b u rd en s o f w orm s could be 
h a rv e s te d  from  th e  g izza rd  of all an im als ex cep t tw o con tro ls  in  th e  14-m onth- 
o ld  group . D espite th e  la ck  of w orm s in  th e  la t te r  tw o an im als , lesions ch a rac ­
te r is t ic  of am idostom osis w ere found  in  th e ir  gizzard . A m ong the  fem ales 
reco v ered  from  geese f i r s t  in o cu la ted  a t  th e  age of 3 m o n th s , a 10.1%  of th e  
w orm s were th in , c o n ta in in g  no eggs in  th e  u te ru s  an d  m easu rin g  1 to  7 m m  
less th a n  the  re s t o f  n o rm a l m a tu re  p a ra s ite s . The sterile  w orm s were m ain ly
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F i g .  1 .  Lesions in th e  gizzard of im m unized  (I)  a n d  con tro l  (C) geese four  weeks a f te r  challenge 
a t  age of approx ,  six m onths .  N o te  th e  u n i fo rm i ty  of lesions in t h e  tw o  groups

lo c a te d  along th e  round , m ost dense su b stan ce  of th e  h o rn y  lin ing . S im ilar 
fem ales  am o u n ted  to  10.8%  in  th e  co rrespond ing  contro l an im als . In  the  14- 
m o n th -o ld  g roups, th e re  were 58 .8%  a n d  4 0 .9%  of the  fem ales in  th e  im m u n iz­
e d  a n d  con tro l geese, re sp ec tiv e ly , show ing  such an ap p ea ran ce  of re ta rd e d  
d e v e lo p m en t. S terile  fem ales could n o t lie enco u n tered  in th e  con tro l goslings 
in c lu d e d  in  T ab le  I.

A ccord ing  to  th e  re su lt o f th e  in te rfa c ia l ring  te s t, none o f  th e  7 goslings 
in je c te d  w ith  bovine serum  a lb u m in  on th e  f irs t  p o st-h a tch in g  d a y  con ta ined  
p re c ip itin s  in  th e  serum , w hereas p o sitiv e  reac tio n s w ith  u p  to  1 0 di lut ions 
o f 5 %  bovine serum  a lbum in  w ere reco rd ed  fo r 3 of 8, an d  8 o f 10 geese w hich 
w ere  in jec ted  a t  th e  age of 3 m o n th s  or 14 m o n th s, resp ec tiv e ly .

Discussion

T he re su lt o f th e  p re se n t e x p e rim e n ts  is in  full ag reem en t w ith  th e  f in d ­
ings o f  G e o r g i e v  (1963) w ho has show n th a t  th e  in fec tion  o f  geese w ith  A .  
anseris  fails to  p roduce p ro te c tio n  a g a in s t a su b seq u en t re- or superinvasion . 
N i k o l s k i j  (1966) d em o n stra ted  t h a t  th e  goslings were n o t cap ab le  of p ro d u c­
in g  h u m o ra l an tib o d ies  u n til  an  age o f  20 to  30 days w as reach ed . The lack  of 
p ro te c tiv e  effect in  th e  p re se n t ex p e rim en ts  can, how ever, h a rd ly  be re la te d
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to  th e  im m unological unresponsiveness in th e  e a rly  p o st-h a tch in g  period  o f  
goslings, since no im m u n ity  was acqu ired  b y  th e  o lder geese possessing th e  
capac ity  for p ro d u c tio n  o f an tibod ies n o t only to  so sim ple an tigens as we used  
in  th is  s tu d y , b u t  also  to  an tigen ic  substances o f m a tu re  A . anseris ( B a u s o v ,
1969).

The egg co u n ts  in  th e  faeces, lesions an d  th e  w orm  burdens are in d ica tiv e  
o f a com plete fa ilu re  to  resist su b seq u en t worm  es ta b lish m e n t. I t  is, how ever, 
n o t clear w hy c o n s is te n tly , th o u g h  n o t sign ifican tly , m ore worm s could  be 
encoun tered  in  th e  an im als  w ith  a p rev ious experience of the in fection  th a n  
in those of co rresp o n d in g  contro ls. I t  can be le f t o u t o f considera tion  th a t  
“ vaccine w orm s”  n o t  affec ted  by  th e ra p y  in th e  3- an d  14-m onth-old  geese 
m ig h t have been  inc losed  in  th e  w orm  burdens. T h e  efficacy  of th e  a n th e l­
m in tic  tre a tm e n t re p o r te d  as com plete b y  K o b u l e j  (1970) was, u n fo r tu n a te ly , 
n o t checked up  b y  a u to p sy , n evertheless, d isap p earan ce  of the  A m idostom um  
eggs from  the faeces a f te r  tre a tm e n t, an d  th e ir  fa ilu re  to  reap p ear u n til  th e  
w orm s developing from  th e  su b seq u en t challenge becam e m atu re , a t te s t  to  
h igh efficacy, in d eed . M oreover, th e  u n ifo rm ity  o f lesions in  th e  g izzards o f 
im m unized and  c o n tro l geese, in  c o n tra s t w ith  tho se  o f  goslings, also suggest 
th a t  the lesions w ere p ro d u ced  by , an d  th e  w orm s a rouse  only from , th e  ch a l­
lenge infection. T he absence of m ore ex tensive  d am age to  the  m ucosa in  geese 
hav ing  been in o c u la te d  w ith  no rm al la rv ae  th ree  tim es  a lto g e th er can  be re ­
garded  as c irc u m s ta n tia l evidence in  su p p o rt o f C v e t a y e v a ’s (1971) o b se rv a ­
tions who show ed t h a t  th e  gross patho -m orpho log ica l lesions in the  lin in g  of 
the  gizzard could be re p a ire d  in  seven days a fte r  an  a n th e lm in tic  m ed ica tion . 
T hus, i t  can also be  in fe rred  th a t  th e  lesions in  th e  g izzards of th e  tw o  co n tro l 
geese conta in ing  no w orm s a t  necropsy  in  th e  14 -m on th -o ld  group w ere liab le  
to  have been p ro d u c e d  b y  th e  ex p e rim en ta l in fec tio n . E v e n tu a lly , th e re  r e ­
m ains a guess, n a m e ly , th e  dam aged  or recen tly  re p a ire d  m ucosa m ay  ra th e r  
be favouring , in s te a d  o f  in h ib itin g , th e  e s tab lish m en t o f new  worm  p o p u la tio n .

The lack o f p rev io u s  experience w ith  th is  h e lm in th  during  th e  ea rlie r  
life of 14-m onth-o ld  geese was no t g u a ran teed ; in fa c t, th e re  were th re e  a n i­
m als passing A m id o sto m u m  eggs in th e  faeces a t  th e  a rr iv a l in to  the  la b o ra to ry . 
I t  is d ifficu lt to  te ll w h e th e r or n o t th e  re s t o f geese h a d  ever been in fec ted ; 
an y w ay , the  tw o e x p e rim e n ta l in fections failed to  red u ce  the  worm  b u rd en s  
arising  from the  cha llenge  as com pared  to  the  co rrespond ing  contro ls, a lth o u g h  
sm all p er cen t ta k e  o f  w orm s was ex h ib ited  in  b o th  im m unized  and  co n tro l 
an im als. S im ilar d ecrease  in  tak e  of w orm s was o b se rv ed  also by  G e o r g i e v  

(1963) even a t y o u n g e r  age o f geese p ro o f aga in st sp o n tan eo u s  in fec tion , an d  
i t  was claim ed th a t  th e  tak e  of w orm s an d  the  age o f h o s t were in rec ip rocal 
p ro p o rtio n .

The leng th  o f  w orm s in  the  im m unized  an im als  show ed a neglig ib le, 
th o u g h  s ta tis tic a lly  s ig n ifican t, reduc tion .
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In  com parison  w ith  th e  im m u n iza tio n  p rocedures, th e  age o f the  host 
p lay s a p p a re n tly  m ore im p o r ta n t role in  th e  e s ta b lish m e n t o f A . anseris in 
geese. T his is d e m o n s tra te d  in  Table 3 in  w hich figures rep re sen tin g  th e  m ean 
tak e  an d  leng th  of w orm s recovered  from  geese four w eeks a fte r  a single 
in fec tion  in  the  course o f p re se n t and an  earlie r ex p e rim en t ( P h u c  and  V a r g a , 

1972) are  collated .
T he rem arkab le  decrease in len g th  o f w orm s recovered  from  th e  o lder 

h osts  is obviously  due to  th e  increased  ra te  o f w orm s w ith  a rre s te d  develop­
m en t in popu la tions w here  slowly m a tu rin g  p a ra s ite s  also occur.
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THE ANTHELMINTIC EFFICACY OF MEBENDAZOLE 
AND TETRAMISOLE AGAINST A S C A R I D I A  G A L L I  IN

CHICKENS
By

I. V a r g a

D e p a rtm e n t of G eneral Zoology and P a ra s ito lo g y  (H ead : P rof. T. K o b u l e j), U n iv ersity  o f
V eterin ary  Science, B u d ap es t

(R eceived F e b ru a ry  23, 1973)

The m ebendazole  —  m ethy l-5 (6 )-benzoy l-2 -benzim idazo ly l ca rb am a te  —  
is a co m p ara tiv e ly  new  a n th e lm in tic  orig inally  sy n th esised  b y  th e  Jan ssen  
P h a rin aceu tica  (B eerse) and  recen tly  by  th e  Chem . W orks o f G. R ich te r  L td . 
(B u d ap est) . I t  is a d ra b , stab le  su b stan ce , p rac tica lly  inso lub le  in  w a te r and 
h av in g  a m olecular w eigh t of 295.29. M ebendazole affects th e  w orm s by  se­
lec tiv e ly  in h ib itin g  th e  u p ta k e  of glucose (van  den B o s s c h e , 1970). A ccording 
to  th e  m a n u fa c tu re rs ’ in fo rm ations, an  80 to  90%  of th e  o ra l dose is ex c re ted  
m ain ly  as u n changed  d ru g  w ith  th e  faeces from  m an , dog an d  r a t  during  the  
f irs t  th ree  days a f te r  th e  ad m in is tra tio n , w hereas a 30 to  50%  o f th e  dose is 
ex c re ted  a fte r  d eca rb o x y la tio n  w ith  th e  urine of pigs in d ic a tin g  a m odera te  
a b so rp tio n  in  th is  species.

T he drug  has been  show n effective ag a in s t Enterobius verm icularis  in  m an  (B bugm ans 
e t  a l., 1971), Strongyloides westeri (Ca llea r  an d  N e a v e , 1971), Parascaris equorum  (Sa u pe  an d  
N it z , 1972; N ea v e  a n d  Ca lle a r , 1973), Strongylus vulgaris, S. equinus, S. edentatus and  
sm all strongyles in  horses (Sa u pe  an d  N it z , 1972; W a l k e r  an d  K n ig h t , 1972; N ea v e  an d  
Ca l l e a r , 1973). No in fo rm a tio n  has y e t been  availab le  on  its  a c tiv ity  ag a in s t A scarid ia  galli 
in  th e  chickens, a lth o u g h  som e action  has been  a n tic ip a te d  on  th e  g ro u n d  th a t ,  according to  
th e  m an u fa c tu re rs’ p re lim in a ry  tria ls , a d m in is tra tio n  of m ebendazole  in 0 .2%  of th e  food for 
th re e  days stopped  th e  egg o u tp u t of A scarid ia  in th e  p h easan ts .

I t  has been sa tis fac to rily  p roved  b y  m an y  w orkers (T h ie n p o n t  e t  ah , 1966; B r u y - 
n o o g h e  e t ah, 1968; K l e in s c h m id t , 1969; E n ig k , 1969; Gr ä b e r , 1969; A l e r g a n t , 1969a; 
Cla rk so n  and  B e g , 1970; B e n n e je a n  e t ah , 1970; B író v á  and  B ir ó , 1970; Ov ies  e t ah 1971; 
Sh o r , 1971; V e l ic h k h in  e t ah , 1972) th a t  te tram iso le  a t  a dose level o f ap p ro x . 40 mg. p e r kg. 
b o d y w eig h t ad m in iste red  in d iv idually , or m ixed  e ith e r in th e  food or d isso lved  in th e  d r in k ­
in g  w a te r, was h igh ly  effec tive  against b o th  m a tu re  and  im m a tu re  p o p u la tio n  of A . galli.

In  the  p re se n t p ap e r, la b o ra to ry  tr ia ls  are described  in  w hich th e  a n ­
th e lm in tic  efficacy  o f single doses of m ebendazo le  an d  th a t  o f a 40 m g. p er kg . 
dose of te tram iso le  w ere com pared  b y  tr e a tin g  chickens a t  d iffe ren t tim es a fte r  
ex p e rim en ta l in fec tio n  w ith  la rv ae  o f A . galli.

M aterial and  m ethods

B o th  th e  m ebendazo le  and  te tram iso le  w ere p rep a red  an d  supplied  in  
form  of pow der b y  th e  Chem. W orks of G. R ic h te r  L td . T he te tram iso le  w as
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disso lved , and  d ren ch  o f  m ebendazole  w as p rep ared  b y  a g ita tio n , in ta p  w a te r 
b efo re  app lica tion .

P i l c h - D e k a l b  h y b rid  chickens w ere o b ta in ed  from  a local h a tc h e ry , 
housed  in a b rooder, an d  fed h a lf-a n d -h a lf  com m ercial ch icken  m ash  an d  cob- 
m eal. A t age betw een  f i r s t  p o s t-h a tc h in g  d ay  and six  w eeks, g roups o f chickens 
w ere in o cu la ted  w ith  la rv a e  o f A . ga lli (see T able  I ,  I I  an d  I I I ) .  The presence 
o f m a tu re  worm s in  spec ific  g roups o f chickens was b ased  on d e tec tio n  o f w orm  
eggs in th e  faeces u s in g  th e  f lo ta tio n  tech n iq u e . P r io r  to  th e  t r e a tm e n t, th e  
chickens were ran d o m ized  in to  sm all g roups, w in g -b an d ed  an d  w eighed . The

T able  I

A nthelm in tic  effect o f m ebendazole and  te tram iso le  against four-w eek-old popu lations o f A s -
caridia galli in chickens

Group Dosage mg /kg

Age of 
chickens 
(days)

No. of 
larvae No. of chickens No. of worms

Per cent, 
reduction 
compared 

to controls
Infected/Total

A t infection Mean Range

M ebendazole 2000 7 750 0/5 0 0 100
M ebendazole 1000 7 750 0/5 0 0 100
M ebendazole 0 .1%  o f food

fed for 3 days 7 750 0/5 0 0 100
Tetram isole 40 7 750 1/5 7.2 0 -  36 90.7
C ontrols — 7 750 5/5 77.2 19— 110 —

M ebendazole 500 21 750 0/5 0 0 100
M ebendazole 250 21 750 0/5 0 0 100

M ebendazole 100 21 750 0/5 0 0 100
Controls — 21 750 5/5 15.4 1 — 27 —

a p p ro p ria te  dosage p e r kg . b o d y -w eig h t w as in d iv id u a lly  a d m in is te red  to  th e  
chickens b y  in tu b a tio n  o f  th e  crop on one occasion a t  one, four, seven  or 
e ig h t weeks, re sp ec tiv e ly , a f te r  th e  in fec tio n  (Table I , I I  an d  I I I ) .  A single 
g roup  o f anim als w ere tr e a te d  w ith  0 .1 %  o f m ebendazole  in  th e  ra tio  fed  for 
th re e  days.

On day  6 a f te r  th e  m ed ica tion , th e  chickens w ere k illed  follow ing a s ta r ­
v a tio n  period  of 12 h o u rs ’. T he w orm s an d  la rv ae  w ere rem oved from  th e  
lu m en  of the  in te s tin e  b y  flu sh in g  w ith  ta p  w ate r, w ere h a rv e s te d  an d  coun ted . 
L a rv ae  in the  gu t c o n te n ts  w ere tra c e d  u n d e r a d issec ting  m icroscope. A fte r 
flu sh ing , the  in tes tin e  w as cu t in to  5 cm . pieces, p ressed  in  com pressorium  
a n d  la rvae  rem ain ing  in  th e  m ucosa w ere also co u n ted  u n d e r  d issec ting  m icro ­
scope. The efficacy o f th e  a n th e lm in tic  tre a tm e n t w as e v a lu a te d  by  com paring  
th e  m ean  w orm  b u rd e n s , inc lud ing  th e  “ m ucosa la rv a e ” , recovered  from  th e  
tre a te d  and  u n tre a te d  co n tro l b irds.
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T able  II

E fficacy of m ebendazole and  te tram iso le  against m a tu re  A scarid ia  galli

Group
Dosage
mg./kg.

Age of 
chickens 

(days)

No. of 
larvae No. of chickens No. of worms

Per cent, 
reduction 
compared 

to control«
Infected/Total

A t infection Mean Range

M ebendazole 500 7 750 0 /6 0 0 1 0 0

M ebendazole 250 7 750 0 /6 0 0 1 0 0

M ebendazole 1 00 7 750 0 /6 0 0 1 0 0

Tetram isole 40 7 750 0/5 0 0 1 0 0

Controls — 7 750 4/6 5.8 0— 13 —

M ebendazole 2 0 0 * 1 1 0 0 0 0 /1 0 0 0 1 0 0

M ebendazole 10 0 * 1 1 0 0 0 0 /1 0 0 0 1 0 0

M ebendazole 50* 1 1 0 0 0 0 /1 0 0 0 100

Tetram isole 40 1 1 0 0 0 4/10 2.4 0— 17 91.8

Controls — 1 1 0 0 0 8 /1 0 29.4 0— 159 —

M ebendazole 50 1 1 0 0 0 1 /1 0 0.1 0 — 1 99.4

M ebendazole 25 1 1 0 0 0 3/10 0 .6 0— 3 96.4

Tetram isole 40 1 1 0 0 0 2 /1 0 0.3 0 —  2 98.4

Controls — 1 1 0 0 0 8 /1 0 16.6 0— 55 —

* G roups trea ted  7 weeks a f te r  infection; o th e r groups were tre a te d  8 weeks a fte r infection

R esu lts

T he a rran g em en t an d  th e  re su lt o f th e  a n th e lm in tic  te s ts  are sum m arized  
in  th e  T ab le  I , I I  and  I I I .

In  th e  firs t, te n ta t iv e  e x p e rim e n t m ebendazole w as g iven  a t  a ra th e r  
h igh dosage ra te  (Table I) to  explore  how  such doses are  to le ra te d  and  w h e th e r 
a sim ple tre a tm e n t p roves effective a g a in s t th e  im m atu re  p a ra s ite s  a t all. No 
to x ic ity  w as no ticed  fo llow ing th e  t r e a tm e n t;  a t the  sam e tim e , a 100%  effi­
cacy  was observed in  a ll g roups e x c e p t for those t r e a te d  w ith  te tram iso le . 
A com plete  an th e lm in tic  e ffec t w as ach ieved  in  o ther g roups even  if  the  dosage 
ra te  was reduced  to  1/20, i.e . 100 m g. p e r kg. bodyw eigh t.

B o th  m ebendazole an d  te tram iso le  p roved  h igh ly  e ffec tive  ag a in st the  
m a tu re  w orm s (Table I I ) .  W orm s p a ss in g  in  the faeces o f  th e  chickens were 
observed  over 2 and  4 d ay s  a fte r  t r e a tm e n t  w ith  te tram iso le  a n d  m ebendazole, 
re spec tive ly .

A rem arkab le  ac tio n  a g a in s t th e  one-w eek-old (2nd  s tage) la rvae  was 
show n in  groups t r e a te d  w ith  e ith e r  d ru g  (Table I I I ) .
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Table I I I

E fficacy of m ebendazole  an d  te tram iso le  against one-week-old la rv a e  of Ascaridia galli

Group
Dosage 
mg./kg.

Age of 
chickens 

(days)

No. of 
larvae No. of chickens No. of worms

Per cent, 
reduction 

com pared to  
controls

Infected/Total
A t infection Mean Range

M ebendazole 250 42 900 0/5 0 0 100

M ebendazole 100 42 900 1/5 0.2 0 - 1 99.5

T etram isole 40 42 900 0/5 0 0 100

C ontrols — 42 900 6/6 45.3 6 - 2 1 4 —

M ebendazole 200 1 500 0/5 0 0 100

M ebendazole 100 1 500 0/5 0 0 100

M ebendazole 50 1 500 0/5 0 0 100

Tetram isole 40 1 500 1/5 0.4 0— 2 99.8

C ontrols — 1 500 6/6 283.5 1 1 3 -4 2 3 —

M ebendazole 40 1 500 6/6 167.7 38—427 17.7

M ebendazole 20 1 500 7/7 196.4 42—301 5.5

M ebendazole 10 1 500 7/7 278.6 76—430 0

C ontrols — 1 500 7/7 203.7 129—345 —

D iscussion

The resu lt o f th e  p re sen t s tu d y  is based  on e x p e rim e n ts  including lim it­
ed num bers o f an im als  in  a g roup , y e t, i t  seem s to  be b e y o n d  d o u b t th a t  th e  
m ebendazole  is a h ig h ly  effec tive  d ru g  ag a in st A . galli in  th e  chickens, an d  th e  
effic iency  o b ta in ed  w ith  te tram iso le  corresponds to  th a t  re p o rte d  earlier b y  
o th e r  in v estig a to rs .

The m ebendazole  a t  doses of 50 m g. p er kg. b o d y w e ig h t and upw ard s 
a t te s ts  to  an ex ce llen t a n th e lm in tic  a c tiv ity  aga in st b o th  m a tu re  and  im m a­
tu re  parasites. T he e fficacy  o f  m ebendazole surpasses m a rk e d ly  th a t  o f th ia ­
bendazo le , a n o th e r benzim idazo le  d e riv a te , rep o rted  to  e x h ib it only a 57%  
effic iency  against one-w eek-o ld  la rv ae  a t  dosage ra te  o f 1000 m g. per kg. body- 
w e ig h t (Long an d  W a k e l i n , 1964). M ebendazole seem s to  m eet m any  d e ­
m ands p u t on u p - to -d a te  a n th e lm in tic s ; th e  m ost n o te w o rth y  being th a t  a 
single tre a tm e n t is sa tis fa c to ry  to  rem ove v ir tu a lly  all w orm s of A scarid ia  
irrespec tive  of th e ir  s tag e  o f developm en t. T hus, its  ap p lic a tio n  m akes b o th  
th e  control and t r e a tm e n t  a d is tin c t possib ility . M ebendazole has a wide th e ra ­
p e u tic  index; in  th e  p re se n t s tu d y  a single dose of 2000 m g. p e r  kg. bodyw eight 
caused  no u n to w ard  effec t. A tte n tio n  should , how ever, be p a id  to  an observa-
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tio n , n am e ly , th a t  a d m in is tra tio n  o f th e  d ru g  in  the  food a t 500 ppm  fo r 4 
d ay s , o r a t  125 ppm  for 1 m o n th  m a y  d im in ish  the  egg p ro d u c tio n  in  lay in g  
hens (T e m m e r m a n , 1971).

In  th e  p resen t tr ia ls  re la tiv e ly  la rg e  doses of m ebendazole  were ap p lied  
to  p ro cu re  excellen t an d  consisten t re su lts  in  th e  chickens as com pared  w ith  
th e  s ta n d a rd  100 m g. dose rep o rted  as effec tive  against Enterobius verm icularis  
in  h u m a n s  ( B r u g m a n s  e t al., 1971) an d  e ith e r  s ta n d a rd  4000 mg. (Sa u p e  an d  
N it z , 1972) or 5— 10 m g. p er kg. b o d y w e ig h t dose levels used  w ith  success 
a g a in s t s trongy le  an d  p a ra sca rid  n em a to d es  in  th e  horses (Ca l l e a r  an d  N e a - 
v e , 1971; W a l k e r  an d  K n ig h t , 1972; N e a v e  and  Ca l l e a r , 1973). A lth o u g h  
th e  eno rm ous gap b e tw een  th e  re su lt o f t re a tm e n t b y  40 an d  50 mg. p e r kg . 
(T able I I I )  ce rta in ly  arises from  som e tech n ica l error, a dose of no t less th a n  
50 m g. p er kg. is recom m ended for o b ta in in g  good resu lts  w ith  single m e b e n d a ­
zole t r e a tm e n t in th e  chickens.

I n  ag reem en t w ith  o th e rs ’ f in d in g s , c ited  earlie r, th e  te tram iso le  p ro v ed  
v e ry  p o te n t  ag a in st A . galli also in th e  p re se n t s tu d y . H ow ever, a 100%  a c tiv ­
i ty  w as n o t co n sis ten tly  a tta in e d  w ith  a 40 mg. per kg. dose, and  th e  th e r a ­
p e u tic  in d e x  is less w ide th a n  th a t  o f m ebendazo le. T hus, i t  has been suggested  
th a t  te tram iso le  shou ld  be ad m in is te red  a t  50 mg. p er kg. dosage ra te  in  as- 
carid iosis  (Gr ä b e r , 1969). A fu r th e r  increase  o f the  dose level c an n o t be a d ­
v ised . A lth o u g h  a single dose of 550 m g. p e r kg. (Gr ä b e r , 1969), an d  2750 m g. 
p e r  kg . (A l e r g a n t , 1969b) was only  re p o r te d  as toxic, a dosage of 80 m g. p er 
kg . b o d y w eig h t app lied  in the  food m ay  decrease the  food consum ption  o f th e  
ch ickens (V e l ic h k h in  e t ah , 1972). A tra n s ie n t anorex ia  an d  decrease o f egg 
p ro d u c tio n  in  hens w as observed  even  a f te r  a tre a tm e n t w ith  60 mg. p e r kg. 
dose o f te tram iso le  ( D ovadola  an d  Ca rl o t to , 1970). T he egg p ro d u c tio n , 
w e ig h t gain  an d  food conversion ra te  in  th e  b ro iler chickens w as n o t in flu en ced  
b y  a single or re p e a te d  tre a tm e n t w ith  te tram iso le  a t dosage ra te  o f  40 m g. 
p e r  kg . (Marsbo om  an d  T h i e n p o n t , 1967). B r u y n o o g h e  e t  al. (1968) c la im ed  
an  in creased  h a tch in g  ra te  from  eggs la id  a fte r  chickens being  t r e a te d  w ith  
te tra m iso le  a t  dosage ra te  of 40 m g. p e r  kg . b u t  th is  w as n o t  confirm ed  b y  o th e r  
s tu d ie s ; in  fac t, B e n n e j e a n  e t  al. (1970) rep o rted  on a sligh t decrease in ­
s te a d .

I t  is a n o tab le  ad v an tag e  of th e  ap p lica tio n  of te tram iso le  over th a t  of 
m ebendazo le  th a t  th e  fo rm er d rug  can  easily  be ad m in is te red  in  th e  d rin k in g  
w a te r . A lthough  th e  tim e  needed  for th e  in tak e  of d ru g  con ta in in g  w a te r  is 
e x te n d e d  b y  8 hou rs, th e  delayed  w a te r  consum ption  causes no in te rfe ren ce  
w ith  th e  efficiency o f th e  tre a tm e n t ( B r u y n o o g h e  e t ah , 1968; B e n n e j e a n  
e t  ah , 1970).

B earin g  in  m ind  th a t  a single dosage of te tram iso le  a t 25 mg. p e r  kg. 
y ie ld s a 91— 98%  an th e lm in tic  efficacy  ag a in s t A . galli (Cl ark so n  a n d  B e g , 
1970), i t  seems w o rth y  to  be ex am in ed  w h e th e r 25 m g. p er kg. dosages given
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on tw o consecutive d ay s  e ith e r  in  th e  food or in  d rin k in g  w a te r  w ould p rove 
a m ore adv isab le  a lte rn a tiv e  of th e  th e ra p y . I t  is ex p ec ted  th a t  such reg im e 
m ig h t en ta il less u n to w a rd  consequencies an d  a m ore p e rfec t cure.

SU M M A RY

B etw een th e  age of d a y  1 an d  42, a to ta l  o f  211 chickens w ere a rtific ia lly  in fec ted  w ith  
la rv a e  of A scarid ia  ga lli on  one occasion, and  g ro u p s consisting  of 5 to  10 anim als w ere in d iv i­
d u a lly  ad m in iste red  single doses o f m ebendazole, o r te tram iso le  a t  dosage ra te  of 40 m g. p e r 
kg . b o d yw eigh t 8, 7, 4 o r 1 w eek a fte r  in fec tion . T h e  a n th e lm in tic  e fficacy  of th e  d rugs was 
assessed  b y  com paring  th e  w orm  bu rd en s in  th e  t r e a te d  an d  con tro l an im als  a t  p o st-m o rtem  
ca rried  o u t 6 days follow ing th e  tre a tm e n t,

T he per cent, re d u c tio n  of w orm s was as follow s:
a) mature worms

te tram iso le : 100; 91.8; 98.4, 
m ebendazole  a t  100 mg. pe r kg .: 100; 100, 
m ebendazole  a t  50 m g. pe r kg .: 100; 99.4,
m ebendazole  a t  25 mg. pe r kg .: 96.4,

b) 4 weeks after infection
te tram iso le : 90.7,
m ebendazole  a t  100 mg. pe r kg .: 100,

c) 1 week after infection
te tram iso le : 100; 99.8,
m ebendazole  a t  100 m g. pe r kg .: 99.5; 100, 
m ebendazole  a t  50 mg. pe r kg .: 100.
m ebendazole  a t  40 m g. pe r kg .: 17.7,
m ebendazole  a t  20 mg. per kg .: 5.5,
m ebendazole  a t  10 mg. pe r kg .: 0

No side-effects cou ld  be no ted  in an y  of th e  ch ickens given a single dose of m ebendazole 
as h igh  as 2000 m g. p e r kg.
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PATHOLOGICAL CHANGES CAUSED BY TREMATODES 
IN THE URINARY SYSTEM OF A C O N S T R I C T O R

C O N S T R I C T O R

B y

E .  T Ú R Y  and T .  KOBULEJ

D e p artm en ts  o f P a th o lo g y  (H ead : P rof. A. K a r d e v á n ) an d  P a ra s ito lo g y  (H ead: P rof. T . 
K o b u l e j), U n iv e rs ity  of V e te rin a ry  Science, B u d a p e s t

(R eceived F e b ru a ry  25, 1973)

K idneys of g ia n t sn ak es ( Boidae  and  P ithonidae) are f re q u e n tly  in v ad ed  by  flukes o f 
th e  genus of Styphlodora  Looss, 1899. N early  20 species of Styphlodora  hav e  been described 
fro m  various rep tile  h o sts  so fa r. D espite  h igh  incidence of these  tre m a to d e s , little  is kno w n  
a b o u t th e  p a th o lo g y  of th e  in fec tion . T he reaso n  fo r th is  m ay  well be  t h a t  gross patho log ica l 
changes are n o t in v a riab ly  caused  by  th is  p a ras ite . T here  has been  o n ly  a  single w ork p u b lished  
(G r ü n b e r g  and  K u t z e r , 1964) dealing  w ith  pa th o lo g ica l a lte ra tio n s  p ro d u ced  by  Styphlodora  
renalis, S. elegáns an d  S . horridum  in  to ta l  o f 8 g ian t snakes (4 P yth o n  sebae, 1 P. m olurus, 1 
P . reticulatus, 1 P . regius a n d  1 Constrictor constrictor, respec tive ly ). A ccord ing  to  th is re p o rt ,  
th e  invasion  brings a b o u t u rinogen ic  n e p h ritis , fo rm atio n  of u ra te  d ep o sits , and  alw ays re su lts  
in  u ricaem ia.

O ur case p ro v id es  a fu r th e r  in fo rm atio n  on the p a th o lo g ica l significance 
o f th e  species o f genus Styphlodora.

M aterial and  m ethods

Carcase of an  a p p ro x im a te ly  5 -year-o ld  Constrictor constrictor has h een  
de livered  to  th e  o f D e p a rtm e n t P a th o lo g y  for ro u tin e  d iag n o stic  p rocedure . 
P a r ts  of k idney  show ing  p a tho log ica l changes were fix ed  in  10%  fo rm aldehyde 
an d  th e n  em bedded  in p a ra ff in . The h isto log ical cu ts  w ere s ta in ed  w ith hae- 
m atoxiline-eosine, acco rd in g  to  v an  Gieson and G iem sa, a n d , in  add ition , th e  
PA S, S ch u ltz -S ch m id t, P eris  and K ossá te s ts  were p e rfo rm ed  w ith  them .

R esults

P a th o lo g ica l changes were d e tec ted  only in  th e  u r in a ry  system  of th e  
sn ak e . The left k id n e y  w as norm al, while th e  size o f th e  r ig h t one m ark ed ly  
d im in ished  an d  show ed g rey ish -w hite , congested , c ig a r-sh ap ed  appearance  
(F ig . 1). The capsu le  o f th e  la t te r  k id n ey  was th ick en ed  an d  the  co n trac ted  
lobes u n ited  so t h a t  th e  no rm al lobed  s tru c tu re  w as d iff ic u lt to  recognize. 
O n cu ttin g , sm all c rack in g  was no ticed , an d  on the  c u t su rface  num erous sub-
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Fig. 1. A bove th e  n o rm al le ft, below  th e  m arkedly  dem in ish ed  r ig h t k idney

F ig . 2. In  a lobe in large  n u m b er of collecting  Fig. 3. Live p a ras ite s  in  th e  m ain  collecting 
tu b e s  patho log ical changes can  be seen. tubes. H aem .-eos. X 50

H aem .-eos
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tie  s tripes and foci were show n being su rro u n d ed  by fib rous tis su e  and co n ta in ­
in g  grey ish-w hite debris.

The p ro x im al p o rtio n  o f th e  rig h t u re te r  was largely  d ila te d . I ts  wall w as 
a b o u t 2 to 3 m m  th ic k  an d  th e  lum en  filled  w ith  p a s te ry  m ass an d  sticky  m u ­
cous m a tte r  con ta in in g  also m an y  tre m a to d e s . The w all o f th e  le f t u re te r was 
h u t  sligh tly  th ick en ed , an d  a few tre m a to d e s  were covered  b y  some m ucus in  
th e  lum en.

F ig . 4. L iving fluke  c u t lo n g itu d in a lly  in  Fig. 5. T ransversa l c u t  o f  a  fluke en tire ly  fill-
th e  m ain  collecting tu b e . H aem .-eos. X 110 ing u p  th e  lum en of a u r in a ry  tu b e  w ith  u n d a ­

m aged epithelial lin ing .! H aem .-eos. X 200

C h aracteristic  h is to p a th o lo g ica l lesions were p ro d u ced  b y  the  species 
o f  Styphlodora condita  De F a ria , 1911 in  th e  u rinary  tu b e  sy s tem  (chiefly  in 
th e  m ain  collecting tub es an d  co llecting  tu b u le s  (Fig. 2) a n d  in  the u re te r  o f 
r ig h t k idnev . A n u m b er of in ta c t  p a ra s ite s  w ere found in  th e  la rg e r tubes (u re ­
t e r  and  m ain  co llecting  tu b es) , a lth o u g h  th e y  failed to  b lo ck  com pletely  th e  
lu m en  (Fig. 3). T he ep ith e lia l lin ing  was undam aged  in  som e o f these areas 
(F igs 4, 5). In  sites w here th e  v e n tra l  suckers of th e  f lu k e s  a tta ch ed  to  th e  
w all of the  tu b es  m u sh room -shaped  p ro tru sio n s of the  w all could  be observed  
(F ig . 6). E p ith e lia l p ro life ra tio n  or regressive a lte ra tio n s ex ten d in g  to  la rg e r
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or sm aller po rtions o f  som e tu b es w ere also seen (Fig. 7). T h e  la t te r  were re p re ­
sen ted  by  fo rm atio n  o f  vacuoles an d  o th e r  necrobio tic  changes w ith in  th e  ep i­
th e lia l cells, an d  d e sq u a m a tio n , re sp ec tiv e ly  (Fig. 8). M ore or less ex tensive  
acu te  cellular in f i l t ra t io n  (F ig. 7) or p ro lifera tion  o f b u d d in g  connective an d  
y o u n g  fibrous tissu e  w as show n in th e  in te rs ti t ia l  tissue a ro u n d  the  larger tu b e s  
w ith  more severe reg ressive  changes w ith in  the  e p ith e lia l cells. A m ong th e  
in flam m ato ry  cells th e re  were m an y  o f th em  con ta in in g  eosinophilic g ranu les

F ig . 6. M ushroom  like p ro tru s io n  of th e  w all Fig. 7. In ten siv e  e p ith e lia l pro liferation  in a 
o f  a u r in a ry  tu b e  on th e  leve l of v e n tra l  sue- la rg e r u rin ary  tu b e . In f lam m ato ry  in filtra tio n

cer. H aem .-eos. X  200 in th e  surround ing  tis su e . H aem .-eos. X 7 5

(F ig . 9). P ro life ra tio n  o f  th e  connective tissue was m o st conspicuous in  th e  
u re te r  resu lting  in  th e  th ick en in g  of its  w all.

More severe lesions were found  in  th e  narrow er tu b e s  (m ainly in th e  
co llecting  tub u les). T h e  lum en  was genera lly  m uch d ila te d  and  filled w ith  
am orphous lu m p y  m a te r ia l  (Fig. 10), s ta in in g  purp lish  re d  w ith  h ae ina toxy- 
lin  and  eosin, in w h ich  eggs and debris o f p arasite  o rig in  w ere occasionally  
em b ed d ed  (Fig. 11). O n th e  g round of h istochem ical ex am in a tio n , the  b u lk  
o f  th e  am orphous m a te r ia l  consisted o f u ra te s  (b righ t g reen  colour in Schu ltz-Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



PATHOLOGICAL CHANGES CAUSED BY TREMATODES 171

Schm idt test; Fig. 12), and contained minor am ounts of calcium  salts (positive  
Kossá test; Fig. 13) and m ucopolysacharids (positive PA S test; Fig. 14) 
the latter deriving probably from disintegrated parasites. The narrower col­
lecting tubules were in places derived o f epithelial lining being replaced by  
giant cells in some areas (F ig . 15). The w all of the tubules consisted of fibrous 
tissue stretching also in to  the in terstitia l tissue. Among other inflam m atory  
cells in the budding tissu e , there was an accum ulation o f cells w ith  eosino-

8
Fig. 8. R egressive  changes in  th e  p ro life ra t­

ing  ep ithe l. H aem .-eos. X275
Fig. 9. G reat nu m b er o f b ig  cells w ith  eosino­
phile g ra n u la tio n  are seen am ong th e  in flam ­
m a to ry  cells su rro u n d in g  th e  dam aged  u r in ­

ary  tube. H aem .-eos. X 200

philic granules. E xten sive  proliferation of the interstitial connective tissue  
accounts for the atrophy o f m any of the urinary tubules adjacent to the glom ­
eruli w hile large am ounts o f urate granules were deposited both within the 
cytoplasm  of the epithelia l cells and in the lum en of intact tubules (Fig. 16). 
A trophy was observed in some of the glomeruli whereas thickening of the 
Bow m an’s capsules due to  the proliferation o f the connective tissue was seen 
in others (Fig. 17).
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D iscussion

The m icroscopical lesions in d ica te  th a t  the  tre m a to d e s  in h a b ite d  m ain ly  
th e  lower p o rtions (u re te r , m ain  co llecting  tu b es an d  d is ta l p a r t  o f co llecting  
tu b u le s )  of the u r in a ry  tu b e s  of Constrictor constrictor. M ore or less in ta c t p a r ­
as ite s  were reco v ered  from  la rg e r u r in a ry  tub es (u re te r  an d  m ain  collecting  
tu b e s)  w here g en era lly  m ino r regressive and  in f la m m a to ry  changes occurred

F ig . 10. C oncrem ents in th e  lum en  of m ain  Fig. 11. The rem a in d e rs  of a fully  desin te- 
collecting tubes. H aem .-eo s . X  50 g ra ted  pa rasite  in  a  u r in a ry  tu b e  w ith  h eavy

regressive a lte ra tio n s . Ilaem .-eos. X 110

o n ly . L arge am o u n ts  o f  d eposits  enough  to  block th e  lu m en  here w ere n o t p ro ­
d u ced  either. H ow ever, as a re su lt o f m echanical an d  to x ic  effect of the  flukes 
severe  regressive an d  in f la m m a to ry  changes were b ro u g h t ab o u t in th e  p ro x ­
im a l narrow  portions o f  th e  u r in a ry  tu b es  (in the co llecting  tu b u les). The acu te  
in te rs t i t ia l  in fla m m a tio n  was follow ed by  chronic changes including p ro li­
fe ra tio n  of the  co n n ec tiv e  tissue . A ccum ula tion  of cells w ith  eosinophilic g ra n ­
ules was a c h a ra c te r is tic  fea tu re  o f th e  in filtra te d  a rea . T he chronic a lte ra ­
tio n s  in  the  in te rs ti t ia l  tissu e  c rea ted  nephrosclerosis, a n d  th e  pressure o f th e  
b u d d in g  tissue caused  a tro p h y  o f th e  tu b u les . M oreover, large am o u n ts  of

Acta Veterinaria Academiae Sciential Hungaricae 23, 1973



ДР
УЙ

PATHOLOGICAL CHANGES CAUSED BY TREMATODES 173

Fig. 12. T h e  concrem ents consist m ain ly  of 
u ra te  sa lts  s ta in e d  da rk er. S ch u ltz -S ch m id t’s 

te s t. X  110

Fig. 14. P A S  positive m ate ria l in th e  con­
crem ents. X HO

A c ta  Veterinaria  Academ iae Sc ien tia ru m  H ungaricae 23, 1973

F ig. 13. Calcic sa lts  in  th e  co n crem en ts. 
K ossa’s te s t.  X H O

Fig. 15. G ian t cells a ro u n d  th e  co n crem en ts 
on  place of th e  dam ag ed  ep ith e lia l lin ing . 

H aem .-eos. X 200
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deposit were p ro d u c e d  here w hich e n ta ile d  o b s tru c tio n  o f th e  narro w  tu b u le s . 
D isin teg ra ted  p a ra s i te s , cells and  ce llu la r d e tr i tu s  m ay  have  ac ted  as a n u ­
cleus for the  fo rm a tio n  of deposits co n sis tin g  m ain ly  o f u ra te s  and  p a r t ly  o f  
calcium  salts. I t  seem s charac teris tic  o f  th is  in fec tion  th a t  th e  n a rro w er th e  
u r in a ry  tubes are th e  m ore severe lesions occur.

In  accordance w ith  the stud ies o f G r ü n b e r g  an d  K ut z er  (1964), our case 
suggests th a t  flu k es  belong ing  to  th e  genus o f Styphlodora  should  n o t be consid-

F ig . 16. G ranules c o n s is tin g  of u ra te  sa lts  F ig . 17. B o w m an ’s capsule  has th ick en ed  an d
in  th e  connecting p a r t .  S ch u ltz -S chm id t’s s ta r tin g  sc lero tic  a lte ra tio n s  can  be seen in

te s t. X l l O  th e  g lom eru li. H aem .-eos. X 200

e red  as harm less p a ra s ite s , since h eav y  in fec tion  o f th e  p rox im al narro w  p o r­
tio n  of the u r in a ry  tu b e s  m ay cause severe p a th o lo g ica l condition  and  even 
d e a th  of the  sn ak es.

I t  rem ains, h o w ev e r, to  be answ ered  w h e th e r th e  d e a th  of our Constrictor 
constrictor was due to  th e  lesions afo re -m en tio n ed . I t  has been assum ed th a t  
a lte ra tio n s  in th e  r ig h t  k idney  were, in d eed , severe h a rd ly  enabling  th e  k id n ey  
to  perform  even a decreased  function . T his suggestion  can be exp la ined  b y  
b o th  th e  m arked  sclerosis in certa in  areas of th e  k id n ey  an d  the  com plete stop  
o f th e  function  o f g lom eru li and th a t  o f tu b u le s , re sp ec tiv e ly , on acco u n t of 
th e  m echanical o b s tru c tio n  of the co llecting  tu b u le s . I f  th is  so rt o f changes
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h a d  occurred  also in  th e  left k id n ey  i t  w ould ce rta in ly  have  g iven  rise to  u ra e ­
m ia. T he n o rm a l fu n c tio n  of th e  le f t k id n ey  w as n o t n ecessa rily  im paired  as 
sev era l flukes w ere o n ly  found in  th e  u re te r , an d  th e  k id n e y  looked  otherw ise 
n o rm a l. A nyw ay , p a th o lo g ica l changes beside those o f th e  k idneys, w hich 
m ig h t acco u n t fo r th e  d ea th  of th e  sn ak e , w ere n o t en c o u n te re d  in o th e r o r ­
gans o f th e  ca rcase .

SU M M A RY

Lesions p ro d u ced  by  flukes o f th e  species of Styphlodora condita  D e F a ria , 1911 in th e  
u r in a ry  tu b es  (u re te r  a n d  collecting tu b es) o f an  ap p ro x im ate ly  5 -year-o ld  Constrictor con­
strictor hav e  been d escribed . P a tho log ical changes assoc ia ted  w ith  th e  p resence  of th e  p a rasites  
w ere as follows: reg ressive  changes and d eposits  in  th e  u rin a ry  tu b e  sy s tem , in te rs ti tia l  n e p h ri­
t is  an d  nephrosclerosis. T he severe a lte ra tio n s  observed  were liab le to  re su lt  in h y p o fu n c tio n  
o f  th e  k idney .

R E F E R E N C E S

Gr ü n b e r g , W . a n d  E . K u t z e r : Zbl. V et. M ed. H R  (1964), 190— 199.

A ddress of a u th o rs :  D r. E rnő  T ű r y , D r. T ibo r K o b u l e j , 1400 B u d a p e s t V II, L an d ler 
J .  u. 2, H u n g ary

Aata Veterinaria Academiae Scientiarum Hungaricae 23, 1973





I N D E X

J uhász , В ., B o n é , L. and  K u n f f y , Z.: Die W irk u n g  eines an tib io tik u m fre ien  F u tte re r ­
g ä n zu n g sp rä p a ra tes  a u f  die durch  E scherichia coli v e ru rsach ten  E rk ran k u n g en
u n d  die E n tw ick lu n g  v o n  K ä lb ern  u n d  F e r k e l n ..................................................................... 83

T akács , J .  a n d  N a g y , В. G yörgyi: The Value of th e  O x an d  R  Salm onella  Phage T ests for
R o u tin e  L ab o ra to ry  E x am in a tio n s  .............................................................................................  95

T akács , J .  a n d  N a g y , В. G yörgyi: Incidence of S alm onellae  in Food P ro d u c ts  of A nim al
O rigin in 1969— 1970 . . . ! ..................................................................................................................  109

T akács, J . ,  B e n e d e k , L. and  I m r e h , E m őke: In flu en ce  of Pack ing  T echnology and S to r­
age T im e on  th e  M icrobiological S ta tu s  o f Q uick-F rozen  an d  Cooked R eady-to -
E a t  F o o d  .................................................................................................................................................  119

T aká cs, J .  a n d  I m r e h , E m őke: M icrobiological S tu d y  of Im p o rted  F ro zen  R aw  F ish  . . . .  127 
L e s n ik , F . a n d  V r t ia k , O. J . :  C om parative  S tu d y  o f Fow l P lague V irus In fec ted  and

N o n -in fec ted  A llanto ic  F lu id  of Chick E m b r y o s ..................................................................... 137
S im o n f f y , Z., J ancsÓ, E d it a n d  T akács, J .:  In c id en ce  of C hlorinated  H y d ro carb o n  P es­

tic id es in  M eat and  M eat P r o d u c t s ...............................................................................................  145
P h u c , D. V. an d  Va rga , I .: A tte m p ts  to Im m u n ize  Geese w ith I r ra d ia te d  and  N orm al

L arv ae  of A m idostom um  a n s e r i s .....................................................................................................  153
Varga , L : T he A n th e lm in tic  E fficacy  of M ebendazole and  T etram iso le  A gainst A scarid ia

galli in  C hickens ...................................................................................................................................  161
T ű r y , E .  a n d  K o b u l e j , T.:  P a th o lo g ical Changes C aused by T rem ato d es in th e  U rin a ry

S y stem  of a Constrictor co n str ic to r .................................................................................................... 167



Printed in  H u n g a r y

A k ia d á s é rt  fe le l az  A k adém iai K iadó  ig a z g a tó ja  M ű szak i szerkesztő : B o ty á n szk y  P á l 
A k é z ira t  n y o m d á b a  é rk eze tt: 1973. У . 4. — T e rjed e lem : 8,25 (A/5) ív , 30 áb ra

73.75001 A kadém iai Nyomda, B udapest — Felelős vezető: B ernât György



ACTA V E T E R  IN A R IA
TOM. 23 — ВЫП. 2

РЕЗЮМЕ

ДЕЙСТВИЕ ОДНОЙ БЕЗАНТИБИОТИЧЕСКОЙ КОРМОДОБАВКИ 
НА КОЛИБАЦИЛЛЕЗ И РАЗВИТИЕ ТЕЛЯТ И ПОРОСЯТ

Б. ЮХАС, Л. БОНЭ и 3. КУНФИ

Тестмикс 232 (Стимулекс фабрики БИОФАК, Копенгаген) является препаратом, 
который не содержит антибиотика. Авторами доказано, что заблаговременным примене­
нием и соответствующей дозировкой препарата можно лечить колибациллезные гастро­
энтериты новорожденных и отечную болезнь телят и поросят. Препарат с успехом можно 
применить и для профилактических целей. Привесы и поедаемость корма у животных, 
обработанных препаратом Тестмикс 232 или получавших этот препарат с кормом-старте­
ром, формировались лучше, чем у контрольных таковых.

ЗНАЧЕНИЕ ФАГОВОЙ САЛМОНЕЛЛЕЗНОЙ Oj И R ПРОБЫ 
ДЛЯ ЛАБОРАТОРНОЙ ПРАКТИКИ

Я. ТАКАЯ и ДЬ. НАДЬ

Применением сальмонеллезного штамма 4618 изучена эффективность фаговой сал- 
монеллезной Ot и R пробы в улучшении диагноза на салмонеллез. 29,96% изученных 
штаммов были резистентными к фагу и 70,03% дали положительную реакцию с фагом. 
Лучшие результаты получены с салмонеллезными видами D, С1; С2, D серологической 
группы О. Обнаружено, что салмонеллезные виды Ej, Е2 и Е4 серологической группы 
О только на 50% резистентны к фагу. Таблицы и рисунки информируют и о салмонеллез- 
ном фаге 0 4 и R. На основании анализа богатых данных авторы считают лишним пользо­
ваться в практической диагностической работе кроме салмонеллезного фага Oj и салмо- 
неллезным фагом R. Фаг R — в случаях, когда не получено эффекта от фага О, — вызы­
вал бактериолиз только в 0,37 %-ах случаев. Авторы рекомендуют включить салмонеллез- 
ный фаг Oj в диагностическую практику, ибо он может быть очень полезным в случаях 
дифференциации фагустойчивых видов Bethesda Ballerup из рода Citrobacter от салмо- 
нелл. При помощи фаговой пробы О, двухфазовые виды из группы Arizona тоже диагносци- 
руемы, ибо у них фаг 0 4 тоже вызывает бактериолиз.

ОБНАРУЖИВАЕМОСТЬ САЛМОНЕЛЛ В ПРОДУКТАХ 
ЖИВОТНОГО ПРОИСХОЖДЕНИЯ В ГГ 1969-1970

ТАКАЯ Я. и Б-НЭ НАДЬ ДЬ.

В годах 1969 — 1970 в продуктах животного происхождения авторами типизиро­
вано 43 вида салмонелл. Большинство материала для исследования поступало из лабора­
торий при бойнях, его меньшая часть из других ветеринарных учреждений.

Изолированные виды принадлежали к О-антигенным группам В, Сх, С2, D1( Ej, Е 4, Б2 
и L. Среди убойных животных свинья является наибольшим резервуаром салмонелл; из 
этого животного в 820 случаях (46,11%) изолировано всего 19 видов рода Salmonella. 
Из крупного рогатого скота в 34 случаях (1,91%) изолировано 14 видов, из телят в 7 слу­
чаях (0,39%) — 3, из лошадей в 6 случаях (0,33%) —4, из куриных в 29 случаях (1,63%) 
—7, из гусей в 15 случаях (0,83%) — 1, из индеек в 4 случаях (0,22%) — 1, из уток в 6 слу­



чаях (0,33%) —2, из голубей в 6 случаях (0,33%) тоже 2 вида. Макроскопическими мето­
дами классической ветсанэкспертизы нельзя распознать бессимптомных носителей и выде­
лителей салмонелл. Этим объясняется тот факт, что при регулярном контроле мясных 
продуктов и рабочих мест большинство этих видов можно обнаружить. В борьбе с инфек­
циями людей при каждом звене инфекционной цепи необходимо строго соблюдать требо­
вания гигиены, но особенно важно подчеркнуть значение обезврежения от салмонелл 
кормов животного происхождения. Вероятно они являются источником появления с года 
в год новых типов, раньше не обнаруженных в нашей стране. В указанный выше период 
обнаружены 5 новых вида, а именно, S. paratyphi — В. var. java, S. blockley, S. minnesota, 
S. kapemba и новый салмонеллезный вид с антигенной структурой 4,12d пока не вклады­
вающийся в схему Кауфман—Хвайт.

ФОРМИРОВАНИЕ МИКРОБИОЛОГИЧЕСКИХ СВОЙСТВ ЗАМОРОЖЕННЫХ 
БЫСТРЫМ СПОСОБОМ ГОТОВЫХ ПИЩЕВЫХ ПРОДУКТОВ В ЗАВИСИМОСТИ 

ОТ СПОСОБА УПАКОВКИ И СРОКА ХРАНЕНИЯ
Я. ТАКАЯ, Л. БЕН ЕДЕК и Э. ИМРЕ

Изучено формирование микробиологических свойств быстрым способом заморо­
женных готовых пищевых продуктов в зависимости от способа упаковки и срока хранения. 
При этом сравнивались средние логарифмические показатели титров и количества микро­
бов в продуктах, наполненных холодным фаршем и храненных в замороженном виде с 
таковыми продуктов, наполненных горячим фаршем и храненных в замороженном виде. 
Определили, насколько снизились средние логарифмические показатели засоренности 
микробами (в %-ах) продуктов, наполненных холодным фаршем после 6-месячного хра­
нения при температуре —20 °С в сравнении с таковыми в продуктах, наполнявшихся 
холодным фаршем и не хранившихся в замороженном виде. Кроме этого определили, в 
сколько %-ов ниже средние логарифмические показатели засоренности микробами прод­
уктов, наполнявшихся горячим фаршем и нехранившихся в замороженном виде в срав­
нении с таковыми продуктов, наполнявшихся холодным фаршем и хранившихся в замо- 
иоженном виде. Этими исследованиями доказано, что загрязнение микробами от орудий 
т человека после обработки температурой и до заморожения можно снизить до минимума 
йолько применением технологии горячего наполнения. Обнаружено, что эта технология 
снижает количество микробов на 94,1 —100% по сравнению с продуктами, наполнявши­
мися холодным фаршем и хранившимися в замороженном виде. Обнаружено дальше и 
то, что количество непатогенных, токсин непродуцирующих микробов, характеризующих 
гигиеническое состояние продуктов, за время 6-месячного хранения при температуре 
—20 °С снизилось на 61,4—98,2%. Это намного выше процентного значения, фигурир­
ующего среди литературных данных. Необходимо подчеркнуть однако и то, что из про­
центного снижения показателей количества непатогенных и токсин непродуцирующих 
микробов не явствует, что такое же положение будет и в случаях, если в продуктах 
имеются патогенные или токсин продуцирующие микробы.

Таким образом при наличии патогенных и токсин продуцирующих микробов за­
мороже ние и хранение при температуре —20 °С не может быть условием декларации 
годным для потребления в пищу данного продукта. Из этого явствует, что снижение 
количества микробов за время хранения в замороженном виде еще не является доказа­
тельством того, что засоренный патогенными микробами продукт полностью освобожда­
ется от них; в лучшем случае снизится их количество.

МИКРОБИОЛОГИЧЕСКОЕ ИЗУЧЕНИЕ ИМПОРТНОЙ 
ЗАМОРОЖЕННОЙ РЫБЫ И РЫБНЫХ ПРОДУКТОВ

Я. ТАКАЯ и Э. ИМРЕ

В материале трех лет (1969—71) определялись средние показатели количества 
микробов и их титра, их распределение и процентное соотношение в замороженной рыбе 
и рыбном филэ. На основании полученных данных высчитаны значения m с, и М, чтобы 
дать рекомендации к разработке микробиологических требований к замороженной рыбе 
и рыбному филэ. Рекомендуемые нами значения т ,  с, и М мы сравнили с соответствую­
щими значениями ICMSF (International Committee of Microbiological Specifications of 
Foods) и таковыми португальского стандарта. Ради лучшей наглядности крайние значе­



ния микробиологической оценки собраны в таблице 9. В этой таблице нефигурирующие 
патогенные, токсин продуцирующие микробы, вредные для здоровья человека, само собой 
разумеется, не должны быть ни в замороженной рыбе, ни в рыбном филэ. Рекомендуется, 
чтобы при оценке замороженного филэ и рыбных продуктов изучались минимально по 5 
образца, среди которых выраженные в с терпимые значения могут быть максимально в 
двух образцах и в трех они должны быть ниже терпимых значений, отраженных в с. Если 
среди 5 образцов даже одно характеризуется значением, отраженным в М, то от пользо­
вания партией, из которой брали образцы, нужно отказаться.

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ АЛЛАНТОИДНОЙ ЖИДКОСТИ 
ВИРУСОМ ЧУМЫ ПТИЦ ЗАРАЖЕННЫХ И НЕЗАРАЖЕННЫХ 

ЭМБРИОНОВ ЦЫПЛЯТ
Ф. ЛЕШ НИК и О. Й. ВРТЯК

Применяя технику электрофореза и седиментационной аналитики выявлено, что 
нормальная аллантоидная жидкость 11—12-дневных эмбрионов цыплят содержит три 
протеиновых фракции: 1. компонент с коэфициентом седиментации 25S (5%); 2. компо­
нент налицевствующий в соотношении 1%; 3. компонент с коэфициентом седиментации 
4S (92%). Аллантоидная жидкость зараженных вирусом чумы птиц эмбрионов цыплят 
содержит не меньше пяти протеиновых компонентов: 1. компонент с коэфициентом седи­
ментации около 15S (7%); 2. компонент, обнаруживаемый в следах; 3. компонент с коэфи­
циентом седиментации около 4S; 4—5. два или больше компонентов с коэфициентом седи­
ментации выше 15S. После ультрацентрифугирования в зараженной аллантоидной жид­
кости остались только два протеиновых компонента, молекулярного веса 66000 и 24 000 
далтонов, при соотношении 33—41 и 67—59%, соответственно.

ИЗУЧЕНИЕ СОДЕРЖАНИЯ ХЛОРИРОВАННЫХ УГЛЕВОДОРОДОВ 
В МЯСЕ И МЯСНЫХ ПРОДУКТАХ

3. ШИМОНФИ, Э. ЯНЧО и я .  т а к а я

В согласии с совместным распоряжением министерств здравоохранения и сельского 
хозяйства и пищевой промышленности авторами изучалось содержание ДДТ, ДДЭ, ДДД  
а ,  ß ,  у  и  ô  изомеров гексахлорана, алдрина и диелдрина в мясе и мясных продуктах. 
Исследования проводились методами тонкослойной и газовой хроматографий. В изучен­
ном материале было 93 образца свинины, 14 образцов свиного жира, 14 свиных печеней, 
59 образцов говядины, 17 образцов говядиного сала, 19 печеней крупного рогатого скота, 
3 образца импортного мяса (ФРГ), 4 образца импортного мяса (Голландия), 3 образца 
импортного свиного жира (СССР), 21 коробка консервной ветчины, 9 коробок консервной 
лопаточной части, 13 коробок других консервов. Образцы брались единым способом.

Авторами обнаружено, что, согласно дейсттвующему распоряжению, только в одной 
коробочной ветчинной консерве было содержание ДДТ выше уровня, которое является 
терпимым.

ОПЫТ ИММУНИЗАЦИИ ГУСЯТ ПРИ ПОМОЩИ ОБЛУЧЕННЫХ 
И НОРМАЛЬНЫХ ИНВАЗИОННЫХ личинок

A m id o sto m u m  anseris 
Ц. В. ФУК и И. ВАРГА

Гусята возраста 2 дней и 3—14-месячный гусиный молодняк инвазировались разо­
выми дозами облученных и нормальных личинок Amidostomum anseris. До этого живот­
ных освободили от половозрелых амидостом дегельминтизацией Дитрифоном (хлорофос). 
На основании выделения яиц, количества нематод и патологоанатомических изменений 
в мышечном желудке при вскрытии 4 недели после реинвазии не удалось обнаружить 
наличия иммунитета нив одной среди групп, насчитывающих всего 54 животных. Размеры 
нематод, обнаруженных в желудках иммунизированных птиц были немножко меньше 
таковых нематод из неиммунизированных животных. Имеется заметная возрастная резис­
тентность, обусловливающая поселение меньшего количества и замедление развития 
нематод.



АНТГЕЛЬМИНТНАЯ ЭФФЕКТИВНОСТЬ МЕБЕНДАЗОЛА 
И ТЕТРАМИЗОЛА ПРИ АСКАРИДИОЗЕ ЦЫПЛЯТ 

И. Варга

Всего 211 цыплят возраста от 1 по 42 дня искусственно инвазировано инвазион­
ными личинками Ascaridia galli и группы животных по 5 и 10 цыплят дегельминтизиро- 
ваны индивидуально разными разовыми дозами мебендазола и тетрамизола в дозе 40 мг/кг 
8, 7(a), 4(6) и 1(в) недель спустя от инвазии. Эффективность дегельминтизации оценена на 
основании вскрытия после 6 дней от дегельминтизации животных и сравнения количества 
аскаридий, обнаруженных в дегельминтизированных и контрольных животных. Обнару­
жена следующая И. Э. (в %-ах) от вмешательства:

а )  половозрелые нематоды
тетрамизол: 100; 91,8; 98,4 
мебендазол при дозе 100 мг/кг: 100; 100 
мебендазол при дозе 50 мг/кг: 94,4; 100 
мебендазол при дозе 25 мг/кг: 96,4

б )  А недели после инвазии 
тетрамизол: 90,7
мебендазол при дозе 100 мг/кг: 100

в )  1 неделю после инвазии 
тетрамизол: 99,8; 100
мебендазол при дозе 100 мг/кг: 100; 99,5 
мебендазол при дозе 50 мг/кг: 100

У цыплят не обнаружено побочных явлений даже от разовых доз мебендазола по­
рядка 2000 мг/кг.

ПАТОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ В ПРОТОКАХ ВЫДЕЛИТЕЛЬНОЙ 
СИСТЕМЫ CONSTRICTOR CONSTRICTOR, ВЫЗВАННЫЕ ТРЕМАТОДАМИ

Э. ТУРИ и Т. КОБУЛЕЙ

Описываются патологические изменения в протоках выделительной системы (моче- 
воды, собирательные каналы) приблизительно 5-летнего удава Constrictor constrictor, 
вызванные трематодами рода Styphlodora condita. Трематоды вызывают следующие изме­
нения: регрессивные изменения, отложения в протоках выделительной системы, интер­
стициальный нефрит и нефросклероз. Причиной тяжелых изменений явилась гипофункция 
пораженной почки.

D , С1( С2, D E j, Е 2 E j  B e th e sd a  B allerup  C itro b ac te r A rizo n a  S. p a ra ty p h i —
В. v a r . ja v a , S. blockley , S. m in n e so ta , S. k ap em b a  4.12d
IC M SF (In te rn a tio n a l C om m ittee  o f M icrobiological Specifica tions o f  Foods)
A m idostom um  anseris.
A scarid ia  galli C o n stric to r co n str ic to r, S ty p h lo d o ra  cond ita .
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ДИНАМИКА ИЗМЕНЕНИЙ СЫВОРОТОЧНЫХ БЕЛКОВ 
(PHASIANUS COLCHICUS) В ПЕРИОД 

ПОСЛЕИНКУБАЦИОННОГО ОНТОГЕНЕЗА

3. СОВА, Д. ТРЕФНЫ, В. ПУЙМАН, Й. ЯНДА и 3. НЕМЕЦ

Кафедра физиологии сельскохозяйственных животных (руководитель: 3. Сова), Сельско­
хозяйственный институт, Прага; Научно-исследовательский институт фармации и

биохимии, Прага

(Поступило 22 марта 1971 г.)

Вв едение

В последние годы в сельском хозяйстве применяется неисчислимое 
количество химических веществ, направленных на защиту урожая от разно­
образных вредителей. Наряду со своим бесспорно защитным и полезным 
действием, химическое вмешательство может неблагоприятно воздейство­
вать на биологию охотничьей дичи, живущей в химически обработанном 
биотопе. Для определения степени отрицательного влияния химизации на 
хозяйственные потери у дичи надо знать основные физиологические и био­
химические показатели дичи, применимые для изучения также ее субклини­
ческого повреждения под влиянием химизации. Большинство биохимических 
показателей даже у здоровых животных меняется под влиянием роста, со­
зревания, питания, больше того, они могут зависеть от сезона отлова, пола и др. 
факторов.

В нашей работе мы устремились на изучение тех показателей, надеж­
ность которых в указанном аспекте нами уже ранее проверена как на домаш­
ней птице, так и на фазанах (Сова и Коудела, 1969; Сова с сотр., 1971 ; Коудела 
и Сова, 1970) в послеинкубационный период.

Материал и методика

Из фазанов (Phasianus colchicus) Научно-исследовательского институ­
та лесного и охотничьего хозяйства в Збраславе в период от июня до августа 
1970 г. в возрасте 0, 3, 8, 14, 21, 29, 45, 65 и 96 дней убивали всегда по 10 цы­
плят разного пола сначала декапитацией, а позже уколом в сердце. Для ис­
следований использовали сыворотку крови и печень, которые сразу же пре­
парировали и до начала исследований хранили на сухом льду.

Фазанята вылуплялись в инкубаторе и на первой неделе жизни содер­
жались в брудере при 30 °С в течение дальнейших 3 недель — в выгуле на 
деревянном полу под брудергаусом, а начиная с месячного возраста они 
свободно выходили в выгулы.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



1 78 СОВА и сотр.

Таблица I

Количество всего сывороточного белка (г%) и белковых фракций (%, г%) в крови

Возраст 
фазанов 
(в днях)

%
п г%

К-во всего белка Альбумин

X S - X S V

0 10 % 42,6 1,22 2,9
г% 2,62 0,18 6,3 1,11 0,05 4,7

3 ю  % 41,0 0,28 0,7
г% 2,35 0,07 3,0 0,97 0,04 3,2

8 ю  % 40,0 0,29 0,7
г% 2,65 0,10 3,8 1,06 0,05 3,4

14 ю  % 39,7 0,30 0,8
г% 2,60 0,23 8,9 1,03 0,10 9,2

21 ю  % 40,1 0,81 2,0
г% 2,92 0,10 3,3 1,17 0,03 2,9

29 ю  % 39,9 0,99 2,5
г% 3,14 0,09 2,8 1,25 0,02 1,7

45 ю  % 39,7 0,41 1,0
г % 3,88 0,19 4,9 1,54 0,08 5,0

65 ю  % 39,2 0,71 1,8
г% 3,80 0,19 4,9 1,49 0,08 5,2

96 ю  % 41,6 2,38 5,0
г% 4,11 0,20 4,9 1,71 0,14 8,0

С первого дня жизни цыплят кормили гранулированной смесью БЖ-1 
(гранулят размера 2 x 5  мм) в течение 7 недель, а затем БЖ-2 (гранулят- 
размера З х б  мм). До 6-недельного возраста им добавляли тысячелистник 
(A chilles m illefolium ) и крапиву (U rtica  dioica), а спустя 6 недель в выгул ИМ 

давали и салат (L ac tu ca  sa tiv a), где они могли дополнить свой рацион огра­
ниченным количеством травы и насекомыми.

В период онтогенеза у фазанов определяли количество всего сыворо­
точного белка по биуретовому методу (Горжейши, 1964), белковые фракции 
при помощи бумажного электрофореза (при 300 V по 6,5 часа), оксалат- 
цитрат-веронал буфер при pH 8,6 и мощности ионов 0,06. Для окраски при­
меняли бромфенолевую синь; фракции оценивались при помощи экстинцион- 
ного регистратора ERI-65 и выражались как в относительных %, так и в г%.

Статистическая обработка результатов осуществлялась в Вычислитель­
ном институте Сельскохозяйственного института в Праге на Минске 22, про­
грамма стандартная, S-метод (Шеффес, 1963). Результаты сведены в таблице I 
и рисунках 1 и 2.

Статистическая оценка дана в таблицах I I—IV.

Дискуссия

В доступной литературе мы не нашли данных о показателях всего 
белка (ВБ) и белковых фракций у молодых фазанов в период онтогенеза. 
Имеются, напр», данные Бекер и Манвел (1966), изучавших, помимо-
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фазанов в период онтогенеза

а-глобулин /3-глобулин у-глобулин

X S V - S V X S V

18,9 1,09 5,8 20,6 0,66 3,2 17,9 0,43 2,4
0,5 0,07 13,2 0,54 0,05 8,4 0,49 0,02 4,9

18,6 0,85 4,6 19,8 0,85 4,3 20,6 0,28 1,4
0,44 0,04 8,1 0,47 0,01 1,5 0,49 0,01 1,4

19,0 0,51 2,6 19,6 0,59 3,0 21,6 0,95 4,4
0,50 0,03 6,6 0,52 0,03 6,5 0,57 — —

19,1 0,74 3,9 20,1 0,44 2,2 21,0 1,37 6,5
0,49 0,06 11,5 0,52 0,05 9,6 0,55 0,04 7,6

18,1 0,81 4,5 19,5 1,39 7,1 22,3 2,03 9,1
0,53 0,03 5,9 0,57 0,05 8,9 0,63 0,06 9,6

18,2 1,12 6,2 19,7 0,67 3,4 22,2 0,96 4,3
0,57 0,05 8,2 0,61 0,00 4,4 0,70 0,04 5,2

17,8 0,55 3,1 19,7 0,30 1,5 22,7 0,73 3,2
0,69 0,02 2,9 0,76 0,05 6,2 0,88 0,06 6,7

19,1 0,36 1,9 20,4 0,47 2,3 21,2 0,99 4,6
0,73 0,05 6,7 0,78 0,05 6,5 0,80 0,04 5,0

18,2 0,91 5,0 18,3 1,43 7,8 21,8 2,2 0,1
0,77 0,05 6,7 0,75 0,05 6,9 0,89 0,07 7,4

прочего, у 12—14-недельных фазанов некоторые сывороточные фракции 
(а-глобулин, у-глобулин, трансферин, гаптоглобин, церулоплазмин), но не с 
точки зрения онтогенеза и другой методикой. Результаты приводятся в табл. I 
и снимках 1 и 2, где показано, что у молодых фазанов, как и у других цып­
лят (Коудела с сотр., 1971) после вылупления можно наблюдать слабое пони­
жение ВБ, что с возрастом постепенно растет. На 5-й день жизни у куриных 
цыплят ВБ равняется 2,46 ±  0,22 г%-ам, а у 3-дневных фазанят — 2,35 ±  0,07 
г%-ам, у 2-месячных цыплят он же равняется 4,85 ±  0,51 г%-ам, а у 2-месяч­
ных фазанят — 4,11 ± 0 ,2  г%-ам. Если учесть некоторую разницу в диете 
одних и других, то между уровнем ВБ у фазанят и цыплят имеется совсем 
незначительная разница.

Анализ дисперсии при двойной сортировке показал значительные 
различия (р <  0,005) в г% общей протеинемии между последующими днями 
послеинкубационного онтогенетического ряда (см. табл. II).

С белковыми фракциями получается иная картина. Относительные %-ы 
альбумина у фазанят слабо понизились с 42,6 ±  1,22 в день вылупления до 
39,2 ±  0,7 на 65-ый день жизни. Наоборот получаются абсолютные показатели 
уровня альбумина (благодаря постепенному росту ВБ): в первые 14 дней он 
был почти одинаковым, а при дальнейших измерениях его абсолютное коли­
чество возросло до 1,71 г% у 96-дневных фазанов, значит по сравнению с 
показателем при вылуплении 1,11 г%  оно увеличилось более, чем на 60%. Эти 
данные не аналогичны тем, которые мы наблюдали у цыплят, где отмечено
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Т а б л и ц а  I I

Статистически достоверная разница в количестве всего белка в крови между фазанятами 
разного возраста (р <  0,05)

Воз­
раст

в
днях

0 3 8 14 21 29 45 65 96

0 X + + +
3 — X — — — + 4- + +
8 — — X — — + -f- + +

14 — — — X — + 4- + 4-
21 — — — — X + + + 4-
29 + + + + + X + + +
45 + + + + + + X — —

65 + + + + + — X —
96 4- + + + + + X

неравномерное колебание альбумина в период послеинкубационного онто­
генеза в масштабе от 39,5% в 0-ой день по 50,5% на 17-ый день.

При помощи анализа дисперсии двойной классификацией были устано­
влены статистически достоверные различия (р <  0,05) в г% альбумина между 
последующими днями послеинкубационного ряда (см. табл. III).

Если показатели протеинемии выражались в относительных %-ах, зна­
чительные различия наблюдались между 0-ым и 65-ым днями жизни.

a-глобулин в относительных %-ах колебался в незначительном мас­
штабе (18,9 +  1,1% в 0-ой день до 18,2 +  0,9% на 96-ой день с минимумом 
17,8 +  0,6% на 45-ый день и максимумом 19+ 0,4% на 65-ый день).

При выражении в г% в ходе развития oc-глобулины постепенно возросли, 
что соответствует постепенному повышению ВБ. При вылуплении уровень

Т а б л и ц а  I I I

Статистически достоверная разница в количестве сывороточного альбумина ( + ) (в 2 %) 
между разными возрастными группами фазанят (р <  0,05)

Воз­
раст

в
днях

0 3 8 14 21 29 45 65 96

0 X _ _ + + +
3 — X — — — + + + 4-
8 — — X — — — + + 4-

14 — — — X — — + + +
21 — — — — X — + + +
29 — + — — — X + + +
45 4- + + + + + X — —

65 + + + + + + — X —
96 + + + + + + X
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Си. 7. Весь белок и белковые фракции в крови фазанят в период раннего онтогенеза в 
течение послеинкубационного развития 

Белковые фракции выражены в относительных %-ах

Ск. 2 . Весь белок и белковые фракции у фазанят в период раннего онтогенеза в течение
послеинкубационного развития 

Белковые фракции выражены в г%-ах
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а-глобулина равняется 0,5 ±  0,07 г%-ам; в возрасте 96 дней — 0,77 ±  0,05 
г%-ам (следовательно примерно на 50% выше).

Анализ дисперсии показал при двойной классификации статистически 
достоверные различия (р <  0,05) в г% а-глобулина между последующими 
днями послеинкубационного онтогенетического ряда (см. табл. IV).

Таблица IV

Статистически достоверная разница в количестве сывороточного а-глобулина ( +  ) (в г%) 
между разными возрастными группами фазанят (р <  0,05)

Воз­
раст

вднях
0 3 8 14 21 29 45 65 96

0 X _ _ _ + + +
3 — X — — — — + +
8 — — X — — — + _j_ +

14 — — — X — — + + +
21 — — — — X — + + +
29 — — — — — X + + +
45 + + + + + + X — —
65 + + + + + + — X —
96 + + + + + + X

Если показатели ^-фракции выражались в относительных %-ах, не было 
никаких значительных различий между отдельными возрастными группами.

Если сравнить диагнозы фазанят и цыплят, то видно, что у цыплят 
значения /5-глобулина в среднем на 6% ниже (при вылуплении 12,9 ±  3,2%, 
а в возрасте 60 дней 12,3 ±  3,5%; Коудела и сотр., 1971).

a-фракция колебалась в относительных %-ах примерно в масштабе 2% 
с максимумом при вылуплении в 20,6 ±  0,7% и минимумом 18,3 ±  0,7% в 
возрасте 96 дней. В абсолютных значениях наблюдается такое же повышение, 
как и у а-глобулина: с 0,54 ±  0,05 г% при вылуплении до 0,75 ±  0,05 г% 
спустя 3 месяца (следовательно, почти 50%).

Анализ дисперсии при двойной классификации показал, что существуют 
статистически достоверные различия (р <  0,05) в г% /5-глобулина между 
последующими днями послеинкубационного онтогенетического ряда (см. 
табл. V).

При выражении /5-фракции в относительных %-ах значимые различия 
доказаны лишь между 0-ым и 96-ым днями жизни.

У петушков легхорн белый в этом возрасте значения y-глобулина на 
3—5% ниже, причем у цыплят наблюдаются отклонения порядка 12,8 ±  96% 
(на 1-ый день жизни) до 18 ±  1% (на 8-ой день).

У фазанят у-глобулин в период онтогенеза незначительно повысился с 
17,9 ±  0,4% в 0-ой день до прибл. 22% между 21-м и 96-ым днями. В абсолют-
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Т а б л и ц а  V

Статистически достоверная разница в количестве сывороточного ß-глобулина ( +  ) (в г%) 
между разными возрастными группами фазанят (р <  0,05)

Воз­
раст

в
днях

0 3 8 14 21 29 45 65 96

0 X + + +
3 — X — — — — + + +
8 — — X — — — + 4- f

14 — — — X — — + + +
21 — — — — X — + + +
29 — — — — — X + + +
45 + + + + + + X — —
65 + + + + + + — X —

96 + + + + + + X

ных значениях подобно другим глобулиновым фракциям наблюдается повы­
шение: с 0,5 ±  0,02 г% до 0,89 ±  0,07 на 96-ый день жизни (значит, почти 
на 80%).

Анализ дисперсии при двойной классификации показал статистически 
значимые различия (р <  0,05) в г% у-глобулина между последующими днями 
послеинкубационного ряда (см. табл. VI).

Т а б л и ц а  V I

Статистически достоверная разница в количестве сывороточного у-глобулина ( +  ) (в г%) 
между разными возрастными группами фазанят (р <  0,05)

Воз­
раст

в
днях

0 3 8 14 21 29 45 65 96

0 X + + + + +
3 — X — — — + + + +
8 — — X — — — + + +

14 — — — X — + + + +
21 + — — — X — + + +
29 + + — + — X + — +
45 + + + + + + X — —
65 + + + + + + — X —
96 + + + + + X

Если значения у-глобулина выражались в относительных %-ах, зна­
чимые различия устанавливались лишь между 0-ым днем и 21, 29, 45, 96 
днями жизни. В отличие от наших данных, полученных у цыплят (Коудела 
с сотр., 1971), у фазанят мы отметили более низкий % у-глобулина (у цыплят 
26 35%, а у фазанят 17—21%).
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В нашей предыдущей работе (Сова и сотр., 1971), посвященной изучению 
действия ДДТ на фазанов, мы определяли у здоровых взрослых фазаньих 
самок и ВБ и электрофореограммы. Данные не отличаются ВБ 3,43 ;+ 0,21 
г%, альбумины 1,36 ±  0,1 г% а-глобулины 0,74 +  0,08 г%) отданных 2-мес­
ячных цыплят этой системы.

Данные, полученные у фазанов, можно конечно сопоставить с данными 
почти что необозримого уже ряда результатов, полученных у птицы. Но это не 
является целью обзора, мы стремились дать лишь ориентировочное обозре­
ние сывороточных белков двух близкородственных групп. Параллельная 
статистическая оценка ясно показала, но надо учитывать не только выраже­
ние белковых фракций в относительных %-ах, а исходить из значений всего 
белка, которые в ранний послеинкубационный период онтогенеза имеют 
сильно вохсодящую тенденцию.

РЕЗЮМЕ

У 90 фазанов, разделенных на 9 равных групп, в возрасте 0, 3, 8, 14, 21, 29, 45, 65 и 96 
дней при помощи бумажного электрофореза определяли количество всего сывороточного 
белка и белковые фракции.

На 3-м дне жизни ВБ понизился с 2,62 +  0,18 г % при вылуплении до 2,35 +  0,07 г% 
с последующим медленным повышением до 4,11 +  0,2 г% на 96-й день жизни.

Значения относительного %-а альбумина медленно понизились с 42,6 +  1,22 % в 
день вылупления до 39,2 +  0,7 % к 65 дню жизни. Уровень в течение первых 14 дней был в 
абсолютных значениях выравненным (0,97—1,11 г%) и постепенно возрастал до 1,71 +  0,14 
г% на 96-й день.

Диапазон колебания показателей а-глобулина незначителен: 18,9 +  1,1% в 0-й 
день до 18,2 +  0,9% к 96-му дню жизни, с минимумом 17,8 +  0,6% к 45-му дню жизни и с 
максимумом 19,1 + 0,4% к 65-му дню жизни. При выражении в г% а-глобулиновая фрак­
ция возросла в период онтогенеза с 0,44 +  0,04 г% к 3-му дню до 0,77 +  0,05 г% к 96-му 
дню жизни.

/1-глобулины обнаружены в пределах 20%, с максимумом при вылуплении в 20,6 +  
+  0,7% и минимумом в 18,3 +  0,7% в возрасте 96 дней. Абсолютные показатели возросли 
незначительно: с 0,5 +  0,05 г% при вылуплении до 0,75 +  0,05 г% спустя 3 месяца.

Показатели у-глобулина незначительно повысились с 17,9 +  0,4% в 0-й день до 
приблизительно 22% между 21 и 96-м днями жизни. Абсолютные значения этой фракции 
возросли с 0,49 +  0,02 г% в 0-й день до 0,89 +  0,07 г% на 96-й день жизни.

CHANGES OF SERUM PROTEINS IN PHEASANT DURING 
POSTINCUBATION ONTOGENESIS

Z, SO Y A , D . T R E F N Ÿ , B . P U JM A N , J .  JA N D A  A N D  Z. N Ë M E C

In  9 age groups of p h easan ts , each  h a v in g  10 b ird s, a t th e  age of 0, 3, 8, 14, 21, 29, 45, 
65 a n d  96 days, to ta l  p lasm a  pro teins a n d  p ro te in  frac tio n s were d e te rm in ed  b y  p ap er e lec tro ­
p horesis. P lasm a p ro te in  level decreased fro m  th e  va lues ob tained  a t  h a tc h in g  (2.62 Ц; 0.18 
g % )  to  2.35 +  0.07 g %  on th e  th ird  d ay  of age; th is  decrease w as follow ed by  a  g ra d u a l 
in crease  u p  to  th e  v a lu e  of 4.11 ±  0.2 g %  a t  th e  age of 96 days.

A lbum in  ex pressed  as re la tiv e  p e rce n ta g e  show ed some decreasing  t re n d  (from  42.6 +  
1 .22%  on th e  d ay  of in cu b a tio n  to 39.2 Щ 0 .7%  on th e  65th day of age). In  th e  ab so lu te  
v a lu e s  th e  levels fo r th e  f irs t  14 days w ere w ell-balanced  (0.97— 1.11 g % ) w ith  a g ra d u a l 
in crease  up  to 1.71 ±  0.14 g%  a t th e  age o f 96 days.

a-g lobulins f lu c tu a te d  in a n a rro w  ran g e  —  from  18.9 +  1.1%  on th e  Oth d ay  to  
18.2 ±  0 .9%  on th e  9 6 th  d ay , th e  m in im u m  v a lu e  occurring  on th e  4 5 th  d ay  —  17.8 ±  
0 .6 %  —  and  th e  m ax im u m  on  the  6 5 th  d a y  —  19.1 +  0 .4% . The expression  in g %  in d ica te s
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t h a t  d u rin g  ontogenesis th e  а -fraction  in creased  fro m  0.44 ±  0.04 g%  (the  th ird  d a y  o f age) 
to  0.77 ±  0.05 g%  (96 th  day  of age).

Д-g lobulins f lu c tu a te d  in th e  range o f 2 0 %  w ith  m ax im um  a t in cu b a tio n  ^  20.6 : ; 
0 .7 % , a n d  m in im u m  a t  th e  age of 96 d ay s —  18.3 ±  0 .7% . T he abso lu te  v a lu es show ed 
som e in crease  from  0.54 ±  0.05 g%  a t h a tc h in g  to  0.75 ±  0.05 g %  afte r 3 m o n th s .

y -g lobulins sligh tly  increased  from  17.9 ±  0.4 (0 th  day) to  va lues ab o u t 22%  betw een  
th e  21st a n d  9 6 th  days o f age. In  abso lu te  v a lu e s  th e  y-globulin  frac tio n  increased  fro m  0.49 ±  
0.02 g %  (0 th  d ay ) to  0.89 ±  0.07 g%  (9 6 th  d a y  of age).
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(R eceived M ay 18, 1972)

D urin g  th e  re c e n t decades e x te n s iv e  stud ies h a v e  been conducted  all 
over th e  w orld  on th e  m inera l c o n ten ts  o f  soil, p la n ts  as w ell as of th e  h a ir  a n d  
o th e r s tru c tu re s  of an im als. The v a s t  l i te ra tu re  of m icroelem ent re sea rch  is 
now  p rac tica lly  u n m an ag eab le .

M any in v es tig a to rs , am ong th em  H u n g a r ia n s , d e m o n s tra te d  a close re la tio n sh ip  
be tw een  th e  m ic ro e lem en t co n ten ts of soil a n d  v e g e ta tio n  an d  p o in te d  to th e  in fluence o f 
th e  m in eral c o n te n t o f fo d d e r p lan ts  on th e  m in e ra l supply  of an im als (An k e , 1965; Cu n ­
n in g h a m  e t al., 1958; H e n n ig , 1970; Ma r e k  e t  a l., 1930; Mócsy  e t al., 1960; Modor  e t  a l., 
1965; Sz e n t m ih â l y i, 1963; T ö lg y esi, 1960, 1965). L ittle  is, how ever, know n a b o u t th e  
m in eral an d  m ic roelem en t com ponents o f th e  h o rn y  s tru c tu re s , especially  of th e  hoof a n d  
claws as well a s  a b o u t th e  re la tionsh ip  of th e  m in e ra l c o n ten t w ith  th e  e lastic ity  and  s tre n g th  
of th e  h o rny  m a tte r  (K il e , 1954).

W e genera lly  agree  t h a t  the  resis tan ce  o f th e  hoof an d  claw s p lays a decisive ro le in  
th e  p re v en tio n  an d  d ev elo p m en t of various d iseases o f th e  foo t. T he facto rs d e te rm in in g  th e  
resistance  of th e  h o rn y  m a t te r  are, how ever, n o t  y e t  know n in  fu ll detail. Closer in v es tig a ­
tio n s in to  these  fac to rs  a re  o f im m edia te  in te re s t ,  w ith  special re g ard  to  in tensive  fa rm in g , 
because th e  an im als m an ag ed  un d er such c o n d itio n s a re  d ep riv ed  of nearly  all b en efits  o f  
n a tu ra l life, above all o f free m ovem ent a n d  sunshine.

In  th is  la b o ra to ry , h e a lth y -a p p e a rin g  h o rn y  p a r ts  of th e  feet of a d u lt  
c a ttle , sheep an d  sw ine were an a ly sed  fo r m inera l com position  to  assess th e  
no rm al m inera l s ta tu s . As calcium , p h o sp h o ru s  a n d  sodium  are th e  m a in  
m inera l co m p o n en ts  of th e  foot h o rn , a n d  m agnesium , copper, zinc an d  iro n  
p lay  an  im p o r ta n t  ro le in k e ra tin iz a tio n , these  m inera ls  were d e te rm in ed  
q u a n tita tiv e ly . Z inc an d  calcium  d e te rm in a tio n s  a re  also im p o rta n t w ith  
reg ard  to  th e  role o f th e se  m inerals in  sw ine p a ra k e ra to s is .

Materials anil methods

T he sam ples w ere tak en  from  th e  w all o f the  e x te rn a l surface of th e  h o rn y  
p a r t  o f th e  fore- or h in d  foot. F ilth  w as rem oved  b y  w ash ing  in ru n n in g  w arm  
w ate r. T he w ashed  specim ens were p la c e d  in  an  oven of a b o u t 200°C fo r a few  
m inu tes, a f te r  w hich th e  horny  casing  cou ld  easily  be d e tach ed  from  th e  ho n e .
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T h e  sam ples w ere th e n  cu t in to  2— 3 m m  long pieces, sh ak en  fo r 10 m in u te s  
in  ta p  w ate r, tw ice  fo r 30 m inu tes in  a d e te rg e n t con ta in ing  n e ith e r  anions n o r  
a n y  com pound o f p hosphorus, rin sed  in  d istilled  w a te r an d  d ried  to  c o n s ta n t 
w e ig h t a t  115°C. P ieces weighing 0 .5— 1.0 g were d igested  in  a 6 : 1 m ix tu re  
of n itr ic  acid an d  perch loric  acid. A p p ro p ria te  d ilu tions of th e  d igestion  p ro d ­
u c t  w ere used  fo r d e te rm in a tio n s o f th e  d iffe ren t e lem ents. Sodium , m a g n e ­
sium , calcium , zinc an d  iron w ere d e te rm in e d  by  a to m ic -ab so rp tio n  sp e c tro ­
p h o to m e try , p h o sp h o ru s  was d e te rm in ed  w ith  th e  m ethod  o f B e l l  an d  D o i s y  

(1920) and  co p p er b y  p h o to m e try , in  th e  form  of its z inc-d ibenzy l-d ith io - 
c a rb a m a te  co m p o u n d  ( B r o w n  et a l., 1962).

Sam ples fro m  24 H ung arian  S p o tte d  c a ttle , 31 M erino sheep an d  30 
C ornw all sw ine w ere exam ined  in th is  series.

T he co n c e n tra tio n s  of th e  e lem en ts  w ere expressed as /ig/g d ry  m a te r ia l 
(p p m ). M ean v a lu es  (M) and  s ta n d a rd  e rro r  of th e  m ean  (^-S .E .M .) w ere 
c a lcu la ted  for each  m ineral, and  th e  co rrespond ing  figures w ere ta b u la te d . 
A p a r t  from  th e  n u m erica l values, cu rv es  w ere p lo tted  for each m ineral in each  
species, to  fa c ilita te  com parison. In te rsp e c ie s  v a ria tio n s w ere analysed  b y  
S tu d e n t’s te s t.

All d a ta  p re se n te d  in th is  p a p e r  re la te  to  th e  ex te rn a l p a r t  o f th e  w all; 
th is  is im p o r ta n t because  the  m inera l c o n te n ts  are d ifferen t in  th e  regions o f 
th e  sole and  frog a n d  also differ b e tw een  y o u n g  and  a d u lt an im als . R esu lts  o f 
d e te rm in a tio n s  in th e  la tte r  regions a n d  a t  d ifferen t ages will be re p o rte d  in  
a n o th e r  paper.

R esults and  conclusions

Calcium

N ex t to  p h o sp h o ru s , calcium  w as found  to  he the  o th e r  m ain  m inera l 
co m p o n en t of th e  claw  of all th ree  species. In te rsp ec ies  v a ria tio n s  were slig h te r 
th a n  w ith  the  o th e r  e lem ents ex am in ed . T h e  low est co n cen tra tio n  was m easu red  
in  sw ine (1141 34 p p m ), th e  h ig h es t (1431 +  46 ppm ) in  sheep  an d  th e  v a lu e
fo r c a ttle  (1267 +  53 ppm ) was in te rm e d ia te  be tw een  th e  two.'

A ccording to  W e i s e r  et al. (1965), th e  calcium  c o n ten ts  of th e  d iffe ren t 
p a r ts  of th e  horse h o o f  range from  294 to  665 ppm . K i l e  (1954), p u rsu ing  th e  
re la tio n sh ip  b e tw een  th e  fragility  of th e  h u m an  nail and  calcium  c o n ten t, d e ­
te rm in e d  th e  la t te r  as 680—2130 p p m  a n d  gave it  for th e  nails of c a ttle  a n d  
dogs as 1350— 1400 a n d  660— 10 900 p p m , respective ly . A n k e  (1965) d e te rm in ­
ed 722— 2310 p p m , P o w e l l e i t  (1966) 1870— 2020 ppm  in th e  h a ir of sw ine 
from  d ifferen t b reed s . S t r a in  et al. (I960 ) found  180— 1517 p p m , G o l d b l u m  

e t al. (1953) 700— 4900 ppm  in h u m a n  h a ir  an d  th e  la t te r  a u th o rs  d e m o n s tra te d  
940— 5900 ppm  in  h u m a n  nails. I t  is re m ark ab le  th a t  sw ine h a ir  as well as 
h u m an  ha ir an d  nails  co n ta in  m ore calcium  th a n  the  horn  of th e  hoof or claw .
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Table I

C oncentrations o f Ca, P , Mg, N a, Fe, Zn an d  Cu in th e  horny  p a r t  of the  ca ttle , sheep and 
swine, expressed as ,itg/g re la ted  to  d ry  m ate ria l (M +  S.E.M .)

Species n Ca P Mg N a F e Zn Cu

Cattle 24 1267 +  53 1169 +  84 188 10 4 5 4 + 1 9 85 +  5.6 142 +  3.9 3.8 +  0.5

Sheep 31 1 4 3 1 -4 6 1523 +  53 2 4 0 + 1 0 535 +  20 110 +  9.5 88 +  2.1 16.0 +  1.2

Swine 30 1141 +  34 1002 +  32 234 13 309 +  10 6 1 + 5 .3 92 +  2.2 5 .1 + 0 .2

Phosphorus

W e fo u n d , in  accordance w ith  o th e r  in v estig a to rs , a g rea t in te rspec ies 
v a ria tio n s  in  th e  phosphorus c o n te n t o f th e  h o rn y  p a r ts . T he fo o t h o rn  of 
sheep co n ta in ed  one and  a h a lf  tim es m ore  p h o sphorus (1523 ! 53 p p m ) th a n  
th a t  o f th e  sw ine (1002 +  32 ppm ) a n d  th e  v alue  for c a ttle  (1169 84 ppm )
was in te rm e d ia te  betw een  the  tw o, d iffering  sig n ifican tly  from  b o th .

A ccord ing  to  th e  availab le  d a ta , th e  p h o sphorus co n ten t is low est in 
h u m an  h a ir  (2 5 .8 —140 p pm ; G o l d b l u m  e t ah , 1953), and  re la tiv e ly  low  in 
horse ho o f (134—209 ppm ; W e i s e r  e t a l., 1965) an d  swine h a ir  (138— 516 
p p m ; A n k e , 1965; P o w e l l e i t , 1966), co m p ara ted  to  th e  m ax im u m  level 
(2482— 2863 ppm ) m easured  in  th e  h o rn y  p a r t  of th e  g o a t’s claw ( A n k e , 1971).

M agnesium

H ig h ly  sim ilar values w ere fo u n d  fo r sw ine an d  sheep, 234 +  13 an d  
240 +  10 p pm , respectively , b o th  d iffe ring  s ign ifican tly  from  th e  v a lu e  for 
c a ttle  (188 _  10 ppm ).

Table II

C om parison  of th e  Ca, P , Mg, N a, Fe, Zn and Cu concentra tions m easu red  
in  the  horny  p a r t  of th e  foot o f ca ttle  and  sheep

C attle Sheep

E le ­
m en ts

n
M ±  S.E.M .

ppm n
M ±  S.E .M .

pp m
t P

Ca 21 1267 + 5 3 26 1431 + 4 6 2.55 < 0 .0 5

P 21 1169 + 8 4 31 1523 +  53 3.75 < 0 .0 0 1

Mg 24 188 + 1 0 31 240 +  10 3.68 < 0 .0 0 1

N a 24 454 + 1 9 31 535 +  20 2.91 < 0 .0 1

Fe 24 85 +  5.6 31 1 1 0 +  9.5 2.14 < 0 .0 5

Zn 24 142 +  3.9 31 8 8 +  2.1 13.09 < 0 .0 0 1

Cu 16 3 .8 +  0.5 22 1 6 +  1.2 8.27 < 0 .0 0 1
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A sim ilar m agnesium  level was d e m o n s tra te d  in  th e  hoof of th e  horse 
( W e i s e r  e t a l., 1965) an d  a m uch  h igher c o n c e n tra tio n  in  swine h a ir, ran g in g  
from  314— 786 p p m , depend ing  on colour an d  b o d y  region, accord ing  to  A n k e  

(1965) and  from  510— 570 ppm  accord ing  to  P o w e l l e i t  (1966). G o l d b l u m  e t 
al. (1953) give th e  m agnesium  co n ten ts  o f h u m a n  h a ir  and  nails as 10— 101 
a n d  23— 110 p p m , respec tive ly . S c i i r o e d e r  (1969) found  37.3— 182.9 p p m  in 
h u m a n  hair.

Sodium

Mean sod ium  co n ten ts  d iffered  sig n ifican tly  in  th e  exam ined  th ree  species. 
T h e  m ean  v a lu es  fo r th e  tw o ru m in a n ts , c a t t le  (454 +  19 ppm ) an d  sheep  
(535 +  20 ppm ), w ere closer to  each o th e r th a n  e ith e r  was to  th e  m ean  v a lu e  
fo r swine (309 +  10 ppm ).

The hoof o f th e  horse co n ta in s  m uch less sod ium  (90— 263 ppm ; W e i s e r  

e t a l., 1965), w h ereas  the  h a ir o f swine co n sid e rab ly  m ore (919— 1259 pp m ) 
accord ing  to  A n k e  (1965); 1300— 1690 ppm  acco rd ing  to  P o w e l l e i t  (1966).

Iron

The nails o f  c a tt le  and  sw ine co n ta in  less iron  th a n  zinc (85 +  5.6 an d  
61 +  5.3 p pm , re sp ec tiv e ly ). A ccording to  th e  l i te ra tu re , th e  iron  c o n te n t 
v a rie s  g rea tly  w ith  th e  ty p e  o f th e  h o rn y  s tru c tu re  and  exceeds th e  zinc 
c o n te n t only s lig h tly , if  a t  all. T he  iron c o n cen tra tio n s  de te rm in ed  b y  A n k e  
(1965) in  th e  h a ir  o f w h ite  and  p igm en ted  sw ine o f d iffe ren t ages ranged  from  20 
to  445 ppm  an d  C r e m e r  (1953) found  130— 170 p p m  in h u m an  hair.

Z in c

Zinc levels w ere n ea rly  id en tica l in th e  nails o f swine an d  sheep (92 +  2.2 
a n d  88 +  2.1 p p m , respective ly ), b u t m uch h ig h e r in  those of c a ttle  (142 +  3.9 
p p m ). W e i s e r  e t al. (1965) found  zinc co n ten ts  to  range  from  41— 146 p p m  in 
d iffe ren t p a rts  o f th e  horse hoof, an d  a research  g roup  in  Je n a  (G D R ) d e te r ­
m ined  5 2 —66 p p m  in th e  nail of th e  goat. S im ilar co n cen tra tio n s  w ere m easured  
in  th e  hair of sw ine a n d  ca ttle  ( A n k e , 1965; M a r t i n  e t al., 1969; M i l l e r  e t a l., 
1965) and m uch  h ig h e r levels in h u m an  h a ir ( S c h r o e d e r  e t ah , 1969; S t r a i n  

e t ah , 1966).

Copper

The copper c o n te n ts  of th e  ho rn  of th e  fo o t also d iffered g rea tly  betw een  
th e  species; sheep  h ad  ab o u t fo u r tim es m ore (16.0 +  1.2 ppm ) th a n  c a tt le  
(3.8 +  0.5 ppm ). T h e  la t te r  v a lue  is in good acco rd an ce  w ith  th e  co rrespond ing  
d a ta  of C u n n i n g h a m  e t al. (1958) an d  K e r k  (1970), (4.3— 5.5 and  4.0 p p m ,
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Table II I

Com parison of th e  Ca, P , Mg, N a, Fe, Zn and  Cu co n cen tra tions m easured  
in th e  ho rn y  p a r t  of th e  foot o f swine an d  c a ttle

Sw ine Cattle
Ele­

m en ts
n

M ±  S .E .M . 
p p m n M ±  S.E .M . 

p pm
t P

Ca 27 1141 + 3 4 21 1267 ± 5 3 2.06 < 0 .0 5

P 27 1002 ± 3 2 21 1169 ± 8 4 2.01 я^0.05

Mg 30 234 ± 1 3 24 188 ± 1 0 2.87 < 0 .0 1

N a 30 309 ± 1 0 24 454 ± 1 9 7.09 < 0.001

Fe 29 61 ±  5.3 24 85 ±  5.6 3.06 < 0 .0 1

Zn 26 92 ±  2.2 24 142 ±  3.9 11.36 < 0 .001

Cu 30 5 .1 ±  0.2 16 3.8 ±  0.5 2.62 < 0 .0 5

resp ec tiv e ly ). A n k e  (1971) found  2 .3— 2.7 ppm  copper in  th e  nail o f th e  g o a t 
an d  som ew hat m ore in  bov ine  h a ir  (8.1— 13.9 p p m , A n k e , 1965). H u m a n  h a ir  
an d  nails co n ta in  m uch  m ore copper th a n  th e  above v a lu es  (Cu n n i n g h a m  e t 
al., 1958; S c h r o e d e r  e t al., 1969).

As can  be seen from  th e  above d a ta , th e  co n cen tra tio n s  of several m in era l 
com ponen ts of th e  h o rn y  p a r t  o f th e  fo o t differ be tw een  species.

T he m ean  values show n in th e  T ab les are reg a rd ed  as c h a rac te ris tic  o f th e  
species o r b reed  an d  will be used  as references in  fu r th e r  stud ies on m in era l 
co n ten ts  o f  th e  h o rn y  p a r t  o f th e  foot of an im als of d iffe ren t species a n d  ages. 
T h e y  also will serve as a basis o f com parison  in in v es tig a tio n s  of th e  changed

Table IV

C om parison of th e  Ca, P , Mg, N a, Fe, Zn and  Cu con cen tra tio n s m easured  
in  th e  ho rn y  p a r t  o f th e  foo t o f swine and  sheep

Sw ine Sheep

E le­
m en ts n M ±  S.E .M .

pp m n M ±  S .E .M .
p pm

t P

Ca 27 1141 ± 3 4 26 1431 + 4 6 5.58 < 0.001

P 27 1002 ± 3 2 31 1523 +  53 8.11 < 0.001

Mg 30 234 ± 1 3 31 240 +  10 — n. s.*

N a 30 309 ± 1 0 31 535 +  20 10.06 < 0 .001

Fe 29 61 ±  5.3 31 1 1 0 ±  9.5 4.43 < 0.001

Zn 26 92 ±  2.2 31 8 8 ±  2.1 — n. S.*

Cu 30 5.1 ±  0.2 22 1 6 +  1.2 10.38 < 0 .001

* N ot significant.
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n a il and  of th e  effects o f  m inera l su p p lem en ts  in various d ie t fo rm ulas. T hey  
a re  ta k e n  in to  co n sid e ra tio n  in  studies of th e  tensile  s tre n g th , an d  resistance  
to  w ear and  pressure  o f th e  h o rn y  p a rt. T he m ain  aim  of th ese  stud ies is to  fin d  
o u t  w heth er th e  m in e ra l com ponen ts of th e  h o rn  of th e  foo t can  be a lte red  b y  
d ie ta ry  m easures an d  w h e th e r  th is  a lte ra tio n  can  be u tilized  to  p re v e n t ce rta in  
d iseases of the  foo t th ro u g h  increasing th e  e la s tic ity  and  s tre n g th  of th e  h o rn y  
p a r t .

SUMMARY

Ca, P , Mg, N a, Fe, Z n  an d  Cu were d e te rm in ed  in a p p a re n tly  h e a lth y  h o rn y  p a r ts  
o f  th e  foo t of c a ttle , sheep  a n d  sw ine. The re su lts  w ere ta b u la te d  an d  co m p ared  w ith  d a ta  
fro m  o th er au thors . T he v a lu e s  o b ta in ed  a re  reg ard ed  as ch arac te ris tic  of th e  species o f b reed  
a n d  will be used as re fe ren ces in  d e te rm in a tio n s  o f m in e ra l co n ten ts  o f ch an g ed  nails as well 
as in  stud ies on th e  m in era l com p o sitio n  of th e  h o rn y  p a r t  in  d ifferen t b reed s and  a t  d ifferen t 
ages an d  in re la tio n  to  v a r io u s  m ineral supplem ents.
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VERGLEICHSUNTERSUCHUNGEN 
MIT IN DIE KNOCHENHÖHLE EINGEPFLANZTEN 

RIOPLAST- UND METALLIMPLANTATEN

Von

K . S o m o g y v á r i  und  N. H o r v á t h

C hirurgischer u n d  O p h th a lm o lo g isch er L eh rs tu h l (L e ite r; P ro f. A. B. KovÄcs) 
der T ie rärz tlich en  U n iv e rs itä t  u n d  H a u p ts täd tisc h es  IV . B ezirk k ran k en h au s 

(D irek to r; J .  L a zarits), B u d a p es t

(E in g eg an g en  am  20. Ju li  1972)

Im  L aufe d er E n tw ick lu n g  der T rau m a to lo g ie  w u rd en  zur in n eren  
F ix ie ru n g  der K n o c h e n fra k tu ren  versch iedene S toffe  e rp ro b t. A ußer einigen 
M etallen  und  L eg ierungen  fan d en  organische tie risch e  u n d  P flanzensto ffe , 
K u n sts to ffe  sowie A uto- u n d  H e te ro tra n sp la n ta te  eine A nw endung. Die a b ­
w eichenden  p h y sika lischen , chem ischen  und  b io logischen  E ig en sch aften  der 
e rw äh n ten  Stoffe erm ög lich ten , d aß  zu b e s tim m te n  Z w ecken im m er an d ere  
S to ffe  angew and t w erden .

Bei einigen K ra n k h e ite n  is t die ständ ige  A n w esen h e it der in den O rga­
n ism us e ingep flanzten  F re m d su b s ta n z  erforderlich , bei an d e ren  patho log ischen  
P rozessen  b e s te h t dagegen  die w ichtige A nfo rderung , d aß  die in tra o p e ra tiv  
e ingep flanzte  S u b stan z  —  E n d o p ro th ese  oder T ra n s p la n ta t  — n u r  eine 
gewisse Z eitlang  im  O rgan ism us verb leibe. Die R e g en e ra tio n sb e re itsch a ft des 
O rganism us b e s itz t n äm lich  —  in  A nw esenheit e in iger in n e ren  F ix a to re n  — 
die F äh ig k e it den n euen  S to ff d e r erw ünsch ten  F u n k tio n  en tsp rech en d  zu 
u m w andeln . Sobald  dies e in tr iff t , w ird  die A nw esen h e it des inneren  F ix a to rs  
ü b erflü ssig  oder m an ch m a l sogar schädlich, so d aß  sich  seine E n tfe rn u n g  
em p fieh lt. L au t T s c h a k l i n  (1964) v e ru rsach t die E n tfe rn u n g  einiger im p la n ­
t ie r te n  S ubstanzen  m an ch m al größere S chw ierigkeiten , als die O steosyn these  
se lbst.

Seit E in fü h ru n g  der o p e ra tiv e n  R eposition  w erden zu r S ta b ilisa tio n  der f ra k tu r ie r te n  
K n o ch en  w eitläufig  M etalleg ierungen  an g ew an d t. N ach Se r s e r  (1966) h a t  sich u n te r  den  
M etallegierungen zur in n eren  F ix a tio n  v o n  K n o ch en frak tu ren  die M agnesium legierung am  
b e s ten  bew äh rt. Diese S u b s tan z  e n tsp r ic h t den A nfo rderungen  ohne  S chädigung  des O rgan is­
m us u n d  ist auch deshalb  v o rte ilh a ft, weil sich ihre sp ä te re  E n tfe rn u n g  erü b rig t. E ine  a lte  
B estreb u n g  ist w e ite rh in  die V erw endung  von  Substanzen , die n ach  E rfü llu n g  ih rer F u n k tio n  
au f W irkung  zyto logischer oder h u m o ra le r  Prozesse aus dem  O rgan ism us e lim in iert w erden.

Jen e  aus n a tü rlich e r G ru n d su b stan z  bestehenden , k u n s to ffa rtig en  P ro d u k te , welche 
aus F ib rin , A lbum in, M yosin (G e r e n d á s  u n d  M itarb ., 1955; Ge r e n d á s , 1959; Ge r e n d á s , 
1961) bzw. G elatine (H orváth  u n d  P á r k á n y , 1971: P á r k á n y , 1967) m enschlichen oder 
tie risch en  U rsp rungs h e rg este llt w erden , n e n n t m an  B iop laste . D ie gem einsam e E ig en sch aft 
de r S ub stan zen  von B io p last-T y p  is t, d aß  sie aus dem  O rg an ism u s reso rb iert w erden  u n d  
ih re  R eso rp tionsze it m it chem ischer V o rb ehand lung  reg u lie rt w e rd en  k a n n  (G e r e n d á s , 1961).
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N a c h  E rfü llu n g  ihrer b io log ischen  F u n k tio n  e rü b rig t sich som it ih re  E n tfe rn u n g , w odurch 
d e r  P a t ie n t  von der e rn eu ten  O p e ra tio n  b e fre it w ird.

D as F ib rin -B iop last w u rd e  au f zah lre ich en  G eb ieten  versch ied en er ch iru rg ischen  E in ­
griffe  e rp ro b t (Áfra , 1960; Á f r a  u n d  M ita rb ., 1955; Áfra  u n d  F é n y e s , 1956; Áfra  und  
M ita rb .,  1957; D ro bny  u n d  M ita rb ., 1962, 1964; F r a n k l , 1955; K ovács u n d  Ge r e n d á s , 
1960, 1961; В. K ovács u n d  M ita rb ., 1965, 1965, 1967; P a ta ky  u n d  M ita rb ., 1956; R em ete  
u n d  M ita rb ., 1956, 1956; Z in n e r  u n d  M itarb ., 1955, 1956; Zin n e r  u n d  B ir ó , 1959). Die 
s ich  a u f  das G elatine-B iop last b ez ieh en d en  P rü fu n g e n  b e finden  sich g eg en w ärtig  in  Gang.

In  vorliegender A rb e it h ab en  w ir die K n o ch en m ark h ö h len reak tio n  der 
sich langsam er und  ra sc h e r  re so rb ie ren d en  F ib rin -B io p laste  m it d e r e n tsp re ­
c h e n d e n  R eaktion  des au s  ro stfre iem  S ta h l v e rfe rtig te n  KiRSCHNERschen 
D ra h ts  von  identischem  A u sm aß  verg lichen . D ie B eo b ach tu n g sze it e rs treck te  
sich  a u f  150 (F ib rin -B io p last) bzw . 60 (KiRSCHNERscher D ra h t)  T age.

M ateria l u n d  M ethodik

In  der ersten  Y ersuchsserie  w u rd en  35 M eerschw einchen u n te rsu c h t: In  
die M arkhöhle  des rech ten  F em u rs  von  28 T ieren  w urde ein B io p la s t m it einem 
K re isd u rch m esse r von  2 0 x 2  m m  im p la n tie r t , w äh ren d  bei 7 T ieren  ein 
KiRSCHNERscher D ra h t v o n  iden tischem  M aß zur A nw endung  k a m . Die V er­
su c h s tie re  w urden in 7 G ru p p en  e in g e te ilt: J e  zwei T ieren  je d e r  G ru p p e  w urde 
e in  a u f  langsam ere R e so rp tio n  (170— 200 Tage) e ingeste lltes u n d  je  zwei 
T ie re n  ein au f raschere R e so rp tio n  (1 2 0 -  150 Tage) e ingeste lltes B iop last im ­
p la n t ie r t ,  w ährend bei je  e inem  T ier in die M arkhöhle des F e m u rs  ein KiRSCH­
N ERscher D rah t e in g ep flan z t w urde.

D er rechte S chenkelknochen  d er M eerschw einchen w u rd e  m itte ls  longi­
tu d in a le r  H au t- und  M uskelinzision  frcigelegt, der K n o ch en  u n te rh a lb  des 
T ro c h a n te rs  m it der R ip p en sch ere  q u er d u rc h g e tre n n t u n d  das B io p last bzw. 
d e r  KiRSCHNERsche D ra h t  in  die M arkhöh le  eingeschoben. D ie T ie re  w urden  
am  3 ., 6., 9., 16., 30., 45. u n d  60. p o s to p e ra tiv en  T ag  g e tö te t u n d  die en tsp re ­
c h e n d e n  Organe p a th o lo g isch -an a to m isch  bzwr. p a th o h is to lo g isch  aufge­
a rb e i te t .

Z u r zw eiten V ersuchsserie  gehörten  60 M eerschw einchen: D ie einzelnen 
G ru p p e n  bestanden  aus je  zwei T ieren , bei denen ein sich lan g sam  u n d  ein sich 
ra s c h  resorbierendes B io p la s t im p la n tie r t  w orden w ar. Die T ie re  w u rd en  am 
3 ., 6 ., 9., 16., 30., 45., 60., 80., 90., 100., 110., 120., 130., 140. u n d  150. p o s t­
o p e ra tiv e n  Tag g e tö te t.

Im  Laufe der d r i t te n  V ersuchsserie  w urde  in die M arkhöh le  d e r T ib ia  von 
6 H u n d e n  ein B ioplast m it einem  K re isd u rch m esser von  1 2 0 x 3 — 4 m m  im ­
p la n t ie r t .  Die rech te  T ib ia  w u rd e  nach  der F reilegung  im m ittle re n  D ritte l quer 
d u rc h g e sä g t, die E n d en  re p o n ie r t, sod an n  das p rox im ale  E n d e  d er E piphyse 
a n g e b o h r t und  das B io p la s ts tä b c h e n  in  die M arkhöhle  e in g e fü h rt. A m  90., 120. 
u n d  150. Tag w urden  je  ein  V erscu ch sh u n d , bei denen  ein sich ra sch  bzw . lang­
sam  resorb ierendes B io p la s t im p la n tie r t  w orden  w ar, g e tö te t.
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Im  Laufe d er V ersuche fa n d e n  bei säm tlichen  T ie ren  m it Im m u n - 
diffusions- u n d  a n a p h y la k tisc h e n  V erfahren  im m unbio log ische U n te rsu c h u n ­
gen s ta t t .

A nläßlich d er Sezierung d e r  operie rten  E x tre m itä te n  der V ersuchstiere  
w u rd en  die von  den W eich te ilen  b efre iten  K nochen  te ils lo n g itu d in a l au fge­
sä g t, teils w urden  aus der D ia p h y se  1 cm große Q uersegm ente  au sg esch n itten . 
D ie ausgesägten  K n o ch en seg m en te  w urden  in 10% iger F o rm alin lö su n g  f ix ie rt, 
in  5% iger S alpe te rsäu re lö su n g  d ek a lz in ie rt und  sch ließ lich  in  G ela tine  bzw . 
P a ra ff in  e in g eb e tte t, sodann  d ie  S ch n itte  m it H äm a to x y lin -E o sin , O rcein 
sow ie A zan -F ärb u n g  und  n a c h  v a n  G i e s o n  g efärb t.

Ergebnisse

Bei der S ek tion  der o p e rie r te n  E x tre m itä te  ließ sich b eo b ach ten , d aß  die 
a u f  langsam e R eso rp tio n  e in g e s te llte n  B io p lasts täb ch en  u n d  auch  der K i r s c h - 

NERsche D ra h t innerh a lb  d er M ark h ö h le  —  bere its  9 — 16 T age n ach  d er E in ­
p flan zu n g  — eine elastische g rä u lich -b rau n e  K apsel u m g ib t. Die die M eta ll­
im p la n ta te  e inhü llende K ap se l h a t  sich bis zum  45.— 60. a u f  die E in p flan zu n g  
fo lgenden  T ag v e rd ick t u n d  k o n n te  aus der M arkhöh le  m it einer P in z e tte  
herausgehoben  w erden ; in  d er U m g eb u n g  der K apsel ließ sich w enig g räu lich ­
b ra u n e s  E x su d a t b eo b ach ten . F a lls  sich um  das B iop last ü b e rh a u p t eine K apsel 
b ild e t, is t diese n ic h t m it E x s u d a t  um geben  u n d  k a n n  aus dem  M ark k an a l — 
d a  sie m it dem  E n d o steu m  z u sa m m e n h ä n g t — n ic h t e inm al nach  der long i­
tu d in a le n  A ufsagung h e rv o rg eh o b en  w erden.

H istologisch k o n n te  das B io p la s ts täb ch en  — und  zw ar sowohl das au f 
langsam e, als au ch  das a u f ra sc h e  R eso rp tion  e ingeste llte  —  am  3.— 6. p o s t­
o p e ra tiv e n  T ag  in  der M ark h ö h le  des F em urs in  seiner ganzen  A u sb re itu n g  
vo rg efu n d en  w erden ; m it E o sin  f ä rb te  sich das Im p la n ta t  hom ogen ro t .  Die 
fre ien  R äum e d er M arkhöhle w a re n  m it E x su d a t, ro te n  u n d  w eißen  B lu t­
k ö rp e rch en  u n d  einigen feinen  F ib r in fä d e n  ausgefü llt. In  d er u n m itte lb a re n  
N äh e  des KiRSCHNERschen D ra h ts  en tw ickelte  sich n e b s t R undzellen , L eu k o ­
z y te n  und  F rem d k ö rp errie sen ze llen  eine aus z irk u lä r  an g eo rd n e ten  F ib ro ­
b la s te n  b estehende  dünne S ch ich t.

A m  9.— 16. p o s to p e ra tiv e n  T ag  w aren  au f d er g la tte n  O berfläche des 
sich  langsam  reso rb ie renden  B io p la s ts  m it R undzellen  in filtr ie r te  K n o ch en ­
m a rk re s te  ersich tlich ; in der U m g eb u n g  se tz te  sich die E n tw ick lu n g  e iner m it 
dem  E ndo steu m  zu sam m en h än g en d en  zellarm en, b lassen  B indegew ebekapsel 
in  G ang. In  der N ach b a rsch aft d es  M eta lld rah ts ließ sich in  d ieser P eriode  in 
B eg le itung  einer aus G ran u lo zy ten  u n d  F rem dkörperriesenzellen  b esteh en d en  
Z e llreak tion , die E n tw ick lu n g  e in e r  B indegew ehekapsel b eo b ach ten . Diese 
K ap se l hing m it dem  E n d o s te u m  n ic h t zusam m en. V on der ung le ichm äßigen
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O berfläche  des sich rasch  reso rb ie ren d en  B io p lasts  h ab en  sich m it G ranu lozy ten  
um gebene  kleine P a r t ik e l  abgelöst. In  d iesen  F ä llen  w aren  keine , a u f  die 
B ild u n g  einer B indegew ebekapsel weisende Zeichen v o rzu fin d en .

Bis zum  30.—45. T a g  h a t  sich das sich  rasch  reso rb ie ren d e  B iop last­
s tä b c h e n  v e rd ü n n t, seine O b erfläche  w urde  ung le ichm äß ig , in  die B io p last­
su b stan z  d rangen  ste llenw eise  G ranu lozy ten  ein. A ugenfällig  w a r außerdem  die 
Ä n d eru n g  der F ä rb u n g  d e r  einzelnen A b sch n itte  des e in g ep flan z ten  B iop last­
s tä b c h e n s : Das sich re so rb ie ren d e  B iop last h a t  sich m it H äm a to x y lin  im 
G egensatz  zum u rsp rü n g lic h e n  ro sa ro t, b la u  g e fä rb t. M it A zan-F ärbung  
sch lug  die F arb e  e inzelner B iop lastgeb ie te  aus h e llro t in  ein dunk les bläulich- 
lila  u m , was d a rau f h in w e is t, daß  sich das in ta k te  B io p last m it A zokarm in 
h e llro t u n d  das sich re so rb ie ren d e  m it A n ilin fa rbe  b läu lich -lila  fä rb t. Diese 
E rsch e in u n g  e n ts te h t a n n e h m b a r  au f W irk u n g  d er fe rm e n ta tiv en  T ä tig k e it der 
P h a g o z y te n  und  au f d iese W eise w ird das B io p last zu r R eso rp tio n  geeignet. 
A u f den  P rä p a ra te n  d e r sich  rasch  reso rb ie renden  B iop laste  k o n n te n  nach  45 
T ag en  n u r  an  den R a n d te ile n  des Im p la n ta ts  k le inere  A usfressungen  b eobach ­
te t  w erden . In  der U m g eb u n g  des S täbchens vollzog sich die B ildung  einer aus 
A ng io -F ib rob lasten  u n d  feinfaserigen  B indegew ebe b esteh en d en  lockeren 
K ap se l. Bei den T ieren , b e i denen ein KiRSCHNERscher D ra h t  im p lan tie rt 
w u rd e , b es tan d  die den  N ag e l um gebende K ap se l aus ze llarm en , d ich t ange­
o rd n e ten , reifen B indegew ebeelem enten  u n d  d ich te re r  K o lla g e n s tru k tu r. Die 
K ap se l g renzte  sich vom  M eta ll scharf ab u n d  h ing  m it dem  K nochengew ebe 
ebenfalls n ich t zusam m en .

B ei den am 60. T a g  g e tö te te n  T ieren  h a t  sich der U m fan g  des sich rasch  
reso rb ie ren d en  B iop lasts w esen tlich  v e rk le in e rt. D ie in  die S u b stan z  des S tä b ­
chens eingedrungenen zah lre ich en  n eu tro p h ilen  G ran u lo zy ten  h ab en  die e in­
h e itlich e  Substanz des B io p la s ts  ze rstö rt. A u f d er O berfläche des sich langsam  
reso rb ie ren d en  B iop lasts  ließ en  sich A rrosionen  u n d  die A blösung  k leinerer 
P a r tik e l beobach ten . In  d e r  U m gebung b ild e te  sich eine m it dem  E ndo steu m  
eng  zusam m enhängende B indegew ebekapsel, die sich n ich t e inm al in  R ich tung  
des B iop lasts  scharf a b g re n z te . Die K apsel b e s ta n d  in  d ieser P eriode bereits 
aus zwei Schichten: D ie in n e re  Schich t w ar v o n  ko llagenöser S tru k tu r , w ährend  
in  d er äußeren  Schich t o steo id e  E lem ente u n d  K n o ch en b a lk en  erschienen. Bei 
den  T ieren , bei denen die Im p la n ta tio n  eines M e ta lld rah ts  s ta t tf a n d , b es tan d  
die in  d er M arkhöhle b e fin d lich e  B indegew ebekapsel in d ieser Z eit aus K ollagen- 
fa se rn  u n d  reifen B indegew ebselem en ten . In  d er U m gebung  des M etallim ­
p la n ta ts  h a t  sich d ieser Z u s ta n d  des w eiteren  n ic h t m eh r g eän d e rt.

In  der M arkhöhle des F em urs der am  80.— 110. T ag  g e tö te ten  M eer­
schw einchen  w aren led ig lich  frag m en tie rte  T eilchen  d e r e inheitlichen  S u b ­
s ta n z  d er sich rasch  re so rb ie ren d en  B iop last-N äge l zu b eo b ach ten , w ährend  
die S telle  der sich re so rb ie ren d en  B io p last-A b sch n itte  faseriges B indegew ebe 
e in n ah m . D as h isto log ische  B ild  der sich langsam  reso rb ie ren d en  B ioplast-

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



IN  D IE  K NO CH EN HÖ H LE EIN G EPFL A N ZT EN  IM PLANTATEN 19 7

S täbchen  w ar äh n lich  wie das d e r sich ra sch  reso rb ie renden  S täb ch en  am  16. 
p o s to p e ra tiv e n  T ag , aus dem  das B io p last um gebenden  G ran u la tio n sg ew eb e  
b ild e te  sich je d o c h  d ich tes fib ro tisch es G ew ebe, an  dessen R an d te ilen  b e re its  
neu g eb ild e te  K n o ch en b ä lk ch en  ersch ienen .

A m  120.— 130. T ag  b e fan d en  sich die A uflockerung  bzw . F ra g m e n tie ru n g  
d er sich rasch  reso rb ie ren d en  B io p la s tsu b s ta n z  bere its  in  e inem  b ed eu ten d  
fo rtg e sc h ritte n en  S tad iu m . Im  faserre ich en  A ng io -F ib rob lastgew ebe ließen  
sich n u rm eh r k le in ere  Teilchen des B io p la s ts täb ch en s  e rk en n en . Zu dieser Z eit 
b eg an n  sich die F ä rb u n g  der R a n d te ile  des sich langsam  reso rb ie ren d en  B io­
p la s ts  zu än d e rn  —  so wie das beim  sich ra sch  reso rb ie ren d en  Im p la n ta t  am  
30.— 45. T ag  in E rsch e in u n g  t r a t .  A u f d e r in n e ren  F läche  d e r sich frü h er e n t ­
w ickelten  B indegew ebekapsel w a r dagegen  g ran u lo zy tä re  u n d  h is tio zy tä re  
In f il tra tio n  zu b eo b ach ten .

A m  140.— 150. p o s to p e ra tiv en  T ag  b lieben  n u r  m ehr w inzige F rag m en te  
d er sich rasch  reso rb ie ren d en  B io p last-N äg e l zu rück . A nste lle  des B iop lasts  
ersch ien  ein zah lre iche  elastische  u n d  K ollagenfasern  e n th a lte n d e s , g e fäß ­
re iches B indegew ebe. A n den R a n d te ile n  des zerfase rten  B indegew ebes b ild e ten  
sich kleine K n o ch en b a lk en , u n te r  denen  sich auch ak tiv es  K n o c h e n m a rk  b efan d . 
D ie P hag o zy to se  der R an d te ile  des sich langsam  reso rb ie ren d en  B iop lasts 
w u rd e  in  diesem  Z e itp u n k t au sg ep räg t, w o ra u f die Z erb röcke lung  u n d  Z ack ig ­
k e it  der bis d a h in  g la tte n  O berfläche  h inw iesen . Die innere , zellrciche F läch e  
d e r das B iop last um gebenden , m it dem  E n d o s teu m  eng zu sam m en h än g en d en  
K ap se l d rang  u n te r  die B io p la s t-F ra g m e n te  ein, w ährend  a u f  den  äußeren  
T eilen  auch  w e ite rh in  reifes, faseriges B indegew ebe zu e rk en n en  w ar.

D as h isto log ische Bild d er U m g eb u n g  d er in  die T ibia v o n  V ersu ch sh u n d en  
e in g ep flan z ten  B iop last-N äge l zeig te  fo lgendes:

90 täg iger B efu n d ; a u f langsam e R eso rp tio n  e ingestelltes B io p last: D ie 
L änge des B io p las ts täb ch en s  b lieb  soz. u n v e rä n d e rt, es h a t  sich  ab er a u f  die 
H ä lfte  bzw . das Z w eid ritte l seines u rsp rü n g lich en  D urchm essers v e rd ü n n t. D ie 
N ag e lrän d er w aren  ru n d h e ru m  zackig  u n d  in  der S u b stan z  b ild e ten  sich 
k le inere  S p a lten . Die B io p las tsu b stan z  w ar m it einer b indegew ebigen  K apse l 
um geben , u n te r  den B indegew ebefasern  ersch ienen  stellenw eise m it L eu k o ­
z y ten  u n d  H is tio z y te n  um gebene, a b g esp a lte te , basoph il g e fä rb te  B iop last- 
P a r tik e l. A uf ra sc h e  R eso rp tion  e ingeste lltes B io p last: U n te r  die ze rb rö ck elten  
F ra g m e n te  des B io p last-S täb ch en s sind n e u tro p h ile  G ran u lo zy ten  u n d  H is tio ­
z y ten  e ingedrungen , in  ih re r U m gebung  b e fa n d  sich gefäßreiches A ngiofibro- 
b last-G ew ebe. Im  peripheren  A b sc h n itt des M arkkanals b ild e te n  sich faserig ­
geflech ta rtig e  K n o ch en b ä lk ch en .

120täg iger B efu n d ; a u f  lan g sam e R eso rp tio n  eingeste lltes B io p last: D as 
Im p la n ta t  w ar in  S tücke  zerfallen . U n te r  den  F rag m en ten  ließ  sich  v e rh ä ltn is ­
m äß ig  zellarm es, faseriges B indegew ebe b eo b ach ten , welches n e b s t L eu k o zy ten  
v o rnehm lich  H is tio z y te n  u n d  stellenw eise au ch  F rem dkörperrieesenz llen  e n t­
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hielt. A u f rasche R eso rp tio n  e ingestelltes B iop last: A n ste lle  des N agels k o n n ­
ten n u r  basoph il g e fä rb te  B iop last-S cho llen  b e o b a c h te t w erden . Die M arkhöh le  
w ar g rö ß ten te ils  m it zellarm em , faserigem  B indegew ebe ausgefü llt, an  den R a n d ­
teilen  ließ  sich die E n tw ick lu n g  von  spongiösem  K nochengew ebe erkennen .

150tägiger B efu n d : die Stelle des B iop lasts n a h m e n  fibrinöses B in d e ­
gew ebe, F e ttg ew eb e , a k tiv e s  K n o ch en m ark  und  sich neugeb ildete  k le ine  
K n o ch en b a lk en  ein. A usschließlich  in  d er K n o ch en m ark h ö h le  jen e r T iere , bei 
denen ein sich langsam  resorb ierendes B io p last im p la n tie r t  w orden w ar, ließen  
sich vere in ze lt b aso p h il gefä rb te  B io p la s t-P a rtik e lch en  v o rfin d en . Die M ark ­
höhle w ar auch in  d iesen  F ä llen  m it faserigem  B indegew ebe, F e t t  u n d  a k tiv e m  
K n o ch en m ark  ausg efü llt.

Besprechung

A ufgrund  d er B ew ertu n g  der U n tersu ch u n g serg eb n isse  d a rf  fes tg este llt 
w erden , daß  die in  die M arkhöhle d er R ö h ren k n o ch en  im p lan tie rten  F ib rin - 
B iop last-N ägel, von  d e r  chem ischen V o rb eh an d lu n g  ab h än g ig , nach  k ü rze re r  
bzw . län g ere r Z eit re so rb ie r t w erden. D as erste  Z eichen  des Ing an g se tzen s der 
R eso rp tio n  w ar die m it säm tlichen  an g ew an d ten  F ä rb u n g sv e rfa h ren  b e o b ach ­
te te , sich ab er m it d e r A zan -F ärb u n g  in  besonders in te n s iv e r und  d e m o n s tra ­
tiv e r  F o rm  m eldende F a rb e n v e rä n d e ru n g . D ie R a n d te ile  des sich frü h e r az id o ­
phil g e fä rb ten  B io p las ts  zeigen a u f e inm al eine baso p h ile  F ä rb u n g . In  die 
eine F a rb e n  V eränderung  zeigenden B io p lastte ile  (die w ahrschein lich  eine p H - 
V erän d eru n g  e rlitte n  h ab en ) dringen Z elle lem ente, in  e rs te r  L inie n eu tro p h ile  
G ran u lozy ten , sodann  eine rege P h ag o zy to se  aufw eisende G ew ebem akrophagen  
von h is tio zy ten  T y p  ein.

D er A bbau  des in  die M arkhöhle des F em urs von  M eerschw einchen einge­
p fla n z te n , a u f rasch e  R eso rp tio n  e ingeste llten  B io p lasts  se tz t sich a n n ä h e rn d  
am 16., a u f  die Im p la n ta t io n  folgenden T ag  in G ang, w äh ren d  die to ta le  R e ­
so rp tio n  zw ischen dem  120. u n d  150. T ag  e in tr iff t. B eim  sich a u f langsam e 
R eso rp tio n  e in g este llten  B iop last m elden  sich die In itia lze ich en  des A b baus 
am  60. p o s to p e ra tiv en  T ag , die to ta le  R eso rp tio n  ist a b e r  n ich t e inm al am  150. 
T ag  been d ig t; in  d ieser Z eit b e fin d e t sich das Im p la n ta t  in  einem  Z u stan d , 
w elchen das sich ra sc h  reso rb ierende B io p last am  4 5 .— 60. T ag  e rre ich t h a t.

D as in  die M arkhöh le  der T ib ia  v o n  H u n d en  im p la n tie r te , a u f  rasche  
R eso rp tio n  e ingeste llte  F ib rin -B io p las t w ird  infolge d e r ak tiv e n  T ä tig k e it der 
L eu k o zy ten  und d e r Zellen des A ng io fib rob last-G ew ebes im  V erlau f von 
90— 120 T agen  u n d  das sich langsam  reso rb ie rende  im  V erlau f von  120— 140 
T agen  fa s t vo llkom m en  reso rb iert.

A nstelle  des sich  reso rb ierenden  B iop last-N agels en tw icke lt sich fa se r­
reiches, dagegen ab e r v e rh ä ltn ism äß ig  zellarm es B indegew ebe. Im  selben M aße
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wie sich die B io p las t-R eso rp tio n  absp ielt, vo llz ieh t sich die O b lite ra tio n  der 
Stelle des N agels. N ach  v o llkom m ener R eso rp tio n  des B iop lasts nehm en  seine 
Stelle elastische u n d  K o llagen fasern  en th a lten d es  B indegew ebe, F e ttg ew eb e  
und  ak tiv es  K n o ch en m ark  ein. A u f den an den K n o ch en  grenzenden  B in d e­
gew ebegebieten  b e fin d en  sich kleine K n o ch en b a lk en  u n d  es sp ielt sich eine 
rege K n o chenb ildung  ab . I n  der U m gebung des sich  ra sch  reso rb ie renden  B io­
p lasts  b ild e t sich keine d e rm aß en  zellarm e B indegew ebekapsel, w ie um  das 
sich langsam  reso rb ie ren d e  B io p last und  besonders u m  das M eta llim p lan ta t. 
Beim  au f lange R eso rp tio n sze it e ingestellten  B io p la s t lä ß t sich zw ar eine 
b indegew ebige D e m a rk a tio n  b eobach ten , in d er sp ä te re n  Periode, sobald  die 
R eso rp tion  des B io p lasts  an  In te n s i tä t  gew inn t, w ird  die sich en tw ickelte  
K apse l m it G ran u lo zy ten  u n d  R undzellen  in f il tr ie r t  u n d  d ad u rch  m ehr oder 
m in d er au fgelockert. V on diesem  Z e itp u n k t an , b e s te h t  die K apsel aus zwei 
S ch ich ten , die innere  v e rfü g t ü b e r eine faserige ko llagenöse  S tru k tu r , w äh ren d  
die äußere  aus spongiösem  K nochengew ebe a u fg e b a u t is t.

D ie b indegew ebige E in k ap se lu n g  des e in g ep flan z ten  Km scHNERschen 
D ra h ts  se tz t sich b e re its  am  6. T ag  in  Gang, a u f  dem  G ebiet der Z e llreak tion  
sind zahlreiche F rem d k ö rp erriesen ze llen  ersich tlich . I n  der fp ä te re n  P eriode 
lin d e rt sich die en tzü n d lich e  Z ellreak tion , die K ap se l w ird  au sg ep räg te r, 
w ährend  der m it dem  M etall in  B erüh rung  s te h e n d e , innere  Teil der B in d e ­
gew ebekapsel eine m e m b ra n a rtig e  D em ark a tio n  ze ig t. In  der U m gebung  des 
M etalls b le ib t die B indegew ebekapsel auch w e ite rh in  u n v e rä n d e rt besteh en , 
im  F alle  des sich lan g sam  resorb ierenden  B io p las ts  lo ck ert sich dagegen 
p ara lle l m it dem  F o r tsc h re ite n  der R esorp tion  a u c h  die K apsel a u f  u n d  w ird  
m it den in  d er R e so rp tio n  eine Rolle sp ielenden  Z elle lem enten  in f iltr ie r t. 
Schließlich v e rd ü n n t sich die fib röse Schich t u n d  die K nochenm arkhöh le  
fü llen  neugeb ildete  spongiöse K nochenfalken , faseriges B indegew ebe u n d  
ak tiv es  K n o ch en m ark  aus.

L e tz ten  E n d es v e rh ä lt  sich das B ioplast in  d er K n o ch en m ark h ö h le  n ich t 
als ein F rem d k ö rp e r u n d  w ird  v o n  der chem ischen V o rb eh an d lu n g  abhäng ig  
in  k ü rzere r oder län g ere r Z e it re so rb ie rt; an seiner S te lle  en tw icke lt sich ak tiv es  
K n o ch en m ark  u n d  es sch e in t, daß  es au f die K n o ch en reg en era tio n  u n d  die 
E n tw ick lung  der K a llu sb ild u n g  anregend  e in w irk t. U nsere  F o rschungen  e r­
lauben  die F es ts te llu n g , d aß  das F ib rin -B iop last fü r  d en  O rganism us von  im ­
m unbiologischem  S ta n d p u n k t aus ungefährlich  is t  ( H o r v á t h  u n d  M ita rb ., 
1969, 1969; H o r v á t h  u n d  M ita rb ., 1971). L a u t d er E rg eb n isse  von B . K o v á c s  

u n d  M itarb . (1965, 1965) v e rh ä lt  sich das F ib r in -B io p la s t im  O rganism us 
a u f gew ebefreundliche W eise.
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Z U SA M M E N FA SSU N G

Im  Schenkelknochen  v o n  M eerschw einchen  u n d  H u n d e n  kam  zu r F ix ie ru n g  de r B ruch­
e n d e n  experim en teller K n o c h e n fra k tu re n  eine sich resorb ierende S u b s tan z , B io p la st zur 
A n w en d u n g . Die m itte ls  ch em ischer V o rb e h an d lu n g  au f kü rzere  u n d  längere  R eso rp tio n sze it 
e in g e s te llte n  B iop last-N ägel v e rh ie lte n  sich  in  der K n o ch enm arkhöh le  au f gew ebefreundliche 
W eise  u n d  w urden von  de r V o rb eh an d lu n g  ab h än g ig  in  k ü rzere r oder län g e re r  Z eit resorb iert. 
D ie  d ie  R eso rp tio n  b e g le iten d en  G ew ebserscheinungen  w aren  günstiger, a ls  im  Falle  der 
k o n tro llh a lb e r  an g ew an d ten  M etallnägel. D ie  U n te rsu ch u n g en  sp rach en  d a fü r, d aß  durch 
B io p la s t  die K nochen- bzw . M a rk h ö h len reg en e ra tio n  u n d  die K a llusb ildung  v o r te ilh a f t  beein­
f lu ß t  w erden . Die B e streb u n g e n  der V erfasser r ic h te n  sich au f die H e rs te llu n g  v o n  B ioplast 
m it  en tsp rech en d e r F e s tig k e it u n d  au f d ie E rse tz u n g  der M etallnägel m it B io p la s t.
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A SELECTIVE MEDIUM FOR THE ISOLATION 
OF C O R Y N E B A C T E R I U M  P Y O G E N E S

B y

G y . S z e m e r e d j

C entra l V e terin ary  In s t i tu te  (D irec to r: A. Vá n y i), B u d ap est 

(R eceived  A u g u s t 8, 1972)

Iso la tio n  of th e  b ac te ria l a g en t from  ex u d a tes  or carcases m ay  fail. I n ­
a p p ro p r ia te  sto rage  or lastin g  sh ip m en t of th e  te s t  m a te ria ls  favours th e  
g ro w th  of sap ro p h y tic  organism s, especially  in th e  su m m er season. T he iso lation  
of th e  cau sa tiv e  ag en t is often  g re a tly  h am pered  b y  a h igh degree of sap ro ­
p h y tic  co n tam in a tio n .

Such d ifficu lties w ere en co u n te red  in th is  lab o ra to ry  in d iagnostic  
iso la tio n  ex p erim en ts  of Corynebacterium pyogenes from  tonsils, m ilk, faeces, 
p u ru le n t necro tic  tissue  or from  organs of p u tre fied  carcases. A new  m edium  
co m p o n en t has th ere fo re  been em ployed , w hich does n o t in te rfe re  w ith  Coryne­
bacterium  g row th , b u t  inh ib its  th e  m u ltip lica tio n  of a w ide range  of o th e r  
m icroorgan ism s.

Several m a te ria ls  are know n to  in h ib it  th e  g row th  of G ram -positive  b a c te ria , b u t  
th e re  are  v e ry  few  chem ical com pounds a n d  an tib io tic s  whose presence in  th e  m ed ium  in ­
h ib its  G ram -n eg a tiv e  a n d  o th er sa p ro p h y tic  o rg an ism s w ith o u t suppressing  Corynebacterium  
g ro w th  as well.

Sy n d e r  an d  L ic h t e n s t e in  (1940) ad d ed  sodium  azide to  th e  m ed ium  to  p re v e n t 
th e  o u tg ro w th  of Escherichia coli, sa lm onellae  an d  p u tre fy in g  b a c te ria , as well as th es  w arm ing  
of p ro teu ses , if these  w ere p resen t.

P a ck er  (1943) used  c ry sta l v io le t in  va rio u s m edia for th e  suppression  of G ram ­
n e g a tiv e  organism s.

Sz e n t -I van Yi (1951) com bined so d iu m  azide w ith  c ry s ta l v io le t in a selective m edium  
w h ich  m ade  possible th e  safe iso lation  of E rysipelo thrix  rhusiopathiae  and  pa th o g en ic  u d d e r 
strep to co cc i from  te s t  m ate ria ls h igh ly  c o n ta m in a te d  w ith  sap ro p h y tic  and  p u tre fy in g  
o rgan ism s.

In h ib itio n  of th e  g row th  and  /o r th e  sw arm ing  of p ro teu ses w as rep o rte d  w ith  ch lora l 
h y d ra te  (K rä m er  an d  K och , 1931), so d iu m -p h en y l-e th y l-b a rb itu ra te  (L e is t n e r , 1950) an d  
s te ro g en o l (ce ty l-py rid ine-b rom ide  so lu tio n  in  e thano l) (B a n d y , 1964). G ram -n eg a tiv e  b a c ­
te r ia l  g ro w th  could be in h ib ited  w ith  p o tass iu m  te llu rite  (L o v rek o v ich  e t al., 1935), guano- 
fu rac in e  (5 -n itro -2 -fu rfu ry lid in e -am in o g u an in e-h y d ro ch lo rid e ) (Se e l ig e r , 1961) an d  a com ­
b in a tio n  of glycine a n h y d rid e  and lith iu m  chloride  (McB r id e  and  Gir a r d , 1961).

T he a n tib io tic  era  has m ark ed ly  e x te n d ed  th e  ran g e  of se lective  m edia  o f w hich  only 
tw o  are  m en tio n ed  here, th e  neo m y cin -co n tain in g  m edium  of F o rray  and  Százados (1969) 
a n d  th e  p o ly m y x in -co n ta in in g  m edium  of Skovgaard  (1968), for th e  iso la tion  of E. rhusio- 
path iae  an d  co ry n eb acte ria , respectively .
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E xperim en ta l

N o chem ical co m p o u n d  excep t p o tassiu m  te llu r ite  p ro v ed  to  be su itab le  
fo r selective Corynebacterium  iso lation  in our b an d s , because th e  applied  con­
c e n tra tio n s  in h ib ited  also  co ry n eb ac te ria  a long  w ith  th e  o th e r organism s. On 
th e  basis o f S k o v g a a r d ’s in v estiga tions, a to ta l  of 220 Corynebacterium  and  
o th e r  s tra in s , iso la ted  from  d ifferen t species, w ere th e n  te s te d  for sensitiv ity  
to  po ly m y x in , in o rd e r to  assess th e  v a lu e  o f th is  an tib io tic  in  selective m edia.

In itia lly  liq u id  m ed ia , la te r  solid m edia , w ere used . T h e  liqu id  m edium  
w as a com m on b ro th  o f  p H  7.4, co n ta in in g  1%  p ep to n e  an d  0 .5%  NaCl. T he 
com position  of th e  solid  m edium  was th e  sam e, w ith  2%  ag a r ad d ed  for solidi­
fic a tio n . T en  p er c en t ho rse  serum  an d  10%  sheep blood  w ere ad d ed  for every  
100 m l o f solid an d  liq u id  m edium , re sp ec tiv e ly .

P o lym ix in  В (P fiz e r  G m bH , K arls ru h e ) w as added  to  th e  m ed ium  sim ul­
ta n e o u s ly  w ith  th e  se ru m  or blood, in  co n cen tra tio n s  ran g in g  from  25 to  2000 
IU /m l. F ive  ml of liq u id  m edium  an d  10 m l of solid m ed ium  was d is tr ib u te d  
p er tu b e  and  P e tr i  d ish , respective ly . A t th e  beg inn ing  of th e  experim en ts, 
0 .1 %  T w een 80 w as also  added , b u t  la te r  it  w as o m itted , because it  soon 
caused  haem olysis a n d  failed  to  p ro m o te  b ac te ria l g row th .

T he m edia w ere in o cu la ted  w ith  v a rio u s s tra in s  from  our collection an d  
in c u b a te d  a t  37°C. T h e  resu lts  w ere read  a fte r  24, 48 an d  72 h r. G row th  in 
liq u id  m edia co n ta in in g  no P o lym yxin  served  as con tro l. T h e  con tro l g row th  
w as designated  w ith  th re e  crosses ( —)—[—|—), absence of g row th  w ith  m inus (— ) 
a n d  suppressed  g ro w th  w ith  one (-)-) or tw o crosses (-|—[-).

T he resu lts  a re  sum m arized  in T ab le  1.
T h e  25 IU /m l c o n cen tra tio n  of P o ly m y x in , recom m ended  b y  S k o v g a a r d , 

only  reduced  the co u n ts  o f  p asteu re llae , Salm onellae and  b ac te ria  of th e  E . coli- 
g ro u p . G row th  in h ib itio n  of th e  o th e r sap ro p h y tic  or pa th o g en ic  organism s 
req u ired  a m uch h ig h e r level of th is  an tib io tic , an d  th e  co n cen tra tio n  capable  
of in h ib itin g  E . rhusiopathiae  and  en terococci suppressed  C. pyogenes as well. 
T he b ro th  m edium  co n ta in in g  serum  a n d  an  o p tim a l co n cen tra tio n  of P o ly ­
m yx in  B, was in ten d ed  to  serve as an  en rich m en t m edium , p ro m o tin g  Coryne­
bacterium  g row th  th ro u g h  suppression o f  th e  accom pany ing  flo ra . B u t n e ith e r 
E . rhusiopathiae , n o r  en terococci were in h ib ite d  an d  som e cases n o t even certa in  
Proteus s tra in s.

T h e  b ro th  w as th ere fo re  rep laced  b y  a 10%  serum  con ta in in g  solid 
m ed iu m ; in th is , th e  an tib io tic  w as as ac tiv e  as in th e  b ro th  an d  i t  h ad  the  
a d v a n ta g e  over th e  l a t t e r  th a t  colony m orpho logy  could also be s tu d ied .

A t P o ly m y x in  co n cen tra tio n s of 300 IU /m l or h igher, C. pyogenes failed  
to  grow  for the  f irs t  24 h r , h u t th is in itia l in h ib itio n  d isappeared  by  48— 72 hr. 
This p ro p e rty  o f th e  co ry n eb ac te ria  w as u tilized  to  d iffe ren tia te  th em  from  E . 
rhusiopathiae  and  en terococci, w hich grew  v igorously  a lread y  a t  24 hours.
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Table I

Bac te r io sta tic  effect  o f  diffe ren t concen tration s I U / m l  of  p o lym yxin  in  a b r o th  m ed iu m  conta in in g  10% serum
Bac te r i a l  s tra ins  ex amined
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200 300 500 700 1000 2000 1230 K o n t ro ll

24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 21 48 72

+ + + + +  +  + — + + +  + + + — + +  + + + + — + + + + + + -  + + + + + — — + + — + + +  +  + 4 - +  +  + + + +

+ + + + + + + + + +  +  + + + +  - f  +  + + + + +  +  + + + + + + + +  +  + + + + + + +  + + + + + + — + +  + + + +  +  + +  +  + + + + + + +

+ + + + + + + + + +  +  + + + +  +  +  + + + + + +  + + +  + H-  +  4 “ + + + + + + + + +  + + + + + + — + + + + + + + +  +  + +  +  + + + + +  +  +

+  +  + + + + + + + + + +  + + + + + + +  +  + — — + —  — — — — — — — — +  +  + + +  + + + +

+  + + + + + + + + +  + + — — + +  +  + + + + + + +

+ + + + + + + + + +  + + + +  + +  + + + + + + — — + + —  — — — — — — — — +  +  + + +  + + +  +

+ + + +  +  + + + + +  +

— — — — —  — — — — — - — —  — - — — — — — — +  +  + + +  + +  +  +

— — — — —  — — — — — — — —  — — — — — — — - + +  + + + + + + +

+ + + + + + + +  +

+  +  + + + + + + + + + + + +  + + + +

+  +  + + + + + + + + + + + +  + + + +

+ + + + + + + + +

1

+  +  + + + +  + + + +  + +  +  + + + + + + + + -  + + — — + — + + +  +  + + + + + + +





SELE C TIV E MEDIUM OF C O R Y .\E  B A C TE R IU M  PYOGENES 2 0 3

T he o p tim al co n cen tra tio n  of p o ly m y x in  w as found to  be 1230 IU /m l. 
In  th e  second series o f th e  experim en ts, 0 .01%  po tassiu m  te llu rite  was also 
ad d ed  to  th e  m ed ium , because m any  Proteus s tra in s  h ad  been  re s is tan t to  
P o ly m y x in . T he ap p lied  co n cen tra tio n  o f  p o tass iu m  te llu rite  p rev en ted  th e  
sw arm ing  of Proteus o rganism s even if  i t  fa iled  to  in h ib it th e ir  g row th ; it  d id  
n o t affect th e  d ev e lo p m en t of C. pyogenes, fa c ilita tin g  ra th e r  th e  d iagnostic  
w ork  b y  causing  a b row nish  d isco lo ra tion  o f th e  colonies o f  th e  la tte r .

T ab le  I c learly  in d ica tes  th a t  P o ly m y x in  an d  p o tassiu m  te llu rite  failed 
to  in h ib it th e  g ro w th  o f E . rhusiopathiae  a n d  en terococci in  th e  selective solid 
m ed ium . T hese o rgan ism s grew ou t b y  th e  2 4 th  h r, a t  37°C, th e ir  colonies 
grew  la rg e r an d  assu m ed  a b lack  shade from  th e  te llu rite  b y  48 h r, w hereas C. 
pyogenes did n o t grow  o u t in the  f irs t 24 h r  o f in cu b a tio n  an d  its  young colonies 
w ere of a ligh t g reysh  or brow nish  co lour. T h e  sap ro p h y tic , G ram -positive  an d  
G ram -nega tive  o rgan ism s listed  in T ab le  1 u su a lly  failed to  grow  in th e  P o ly ­
m yx in -co n ta in in g  m ed iu m . P o tassium  te llu r ite  p rev en ted  th e  sw arm ing of th e  
P o ly m y x in -re s is ta n t P ro te u s  stra ins.

T he P o ly m y x in  В an d  po tassium  te llu r ite  con ta in in g  b lood  agar p la te s  
have  been used  w ith  success for d iag n o stic  iso la tions of C orynebacteria  from  
various te s t  m a te ria ls  including  e x u d a te s  h ig h ly  c o n ta m in a te d  w ith  sap ro ­
p h y tic  organism s as w ell as p u tre fied  o rg an s an d  could also be used for th e  
id en tifica tio n  of ca rrie rs .

SU M M A RY

A selective m ed iu m , con ta in ing  1230 IU /m l P o ly m y x in  В an d  0.01%  po tassium  te l ­
lu rite , is described for th e  iso lation  of Corynebacterium  pyogenes. P o ta ss iu m  te llu rite  in h ib its  
th e  g row th  of th e  P o ly m y x in -re s is ta n t p ro teu s  s tra in s , o r a t  least th e ir  sw arm ing.

O f th e  o rgan ism s te s te d , th e  g row th  of E risypelo thrix  rhusiopathiae  and  enterococci 
could n o t be fu lly  su p p ressed , b u t  since these  b a c te r ia  fo rm  colonies a lread y  a fte r 24 h o u rs  
of in cu b a tio n  a t  37°C a n d  th e  colonies assum e a b lack  h u e  from  th e  te llu rite , th ey  can  easily  
be d iffe ren tia ted  from  C. pyogenes, w hich does n o t  grow  o u t on th e  se lective m edium  u n til  
a f te r  48 —72 hours a n d  i ts  colonies are lig h t b row n.

T he selective m ed iu m  p roved  to  be su itab le  fo r d iagnostic  iso la tions of C. pyogenes 
from  ex u d ates  c o n ta m in a te d  w ith  sap ro p h y tic  b a c te r ia  a n d  from  p u tre fied  organs.
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INCIDENCE OF MAEDI (CHRONIC 
PROGRESSIVE INTERSTITIAL PNEUMONIA) 

AMONG SHEEP IN HUNGARY

By

T . S üveges  and A . S z é k y

C entral V e te rin a ry  In s titu te  (D ire c to r : A. V á n y i), B u d a p es t 
(Received A u g u s t 23, 1972)

T h e chronic in te rs t i t ia l  pneum onia o f  sheep  is a slow ly progressive v ira l 
d isease from  w hich th e  an im als do no t u su a lly  recover. I ts  m ain  clinical signs 
are  dyspnoea ( =  M aedi in  Icelandic lan g u ag e ) w hich becom es m ore d ifficu lt 
d a y  b y  day, and  a g ra d u a l em aciation . G rossly  an d  m icroscop ically  the  con­
d itio n  is ch a rac te rized  b y  fo rm ation  o f  ly m p h  follicles in  th e  p u lm o n ary  
p a ren ch y m a , p ro life ra tio n  and  m etap lasia  o f a lveo lar ep ith e lia l cells, m arked  
h y p erp lasia l en la rg em en t of the p e rib ro n ch ia l ly m p h  nodes an d  encephalo­
m yelitis  accom panied  b y  nerve fibre d em y e lin iza tio n  and  glia cell p ro lifera tion .

Literature

T he disease w as f i r s t  observed  by Ma r sh  (1922) in  N o rth  A m erica. In  th e  m eantim e 
i t  w as recognized in S o u th  A frica  (Sh irla w , 1959), F ra n c e  (S ig u a r d a r d o t t ir  and  T horm ar , 
1964), H olland  (D e  V r is s , 1959; Grom m ers , 1964), Ice lan d  (S ig u r d s s o n , 1954), G reat 
B rita in  (Stamp and  N is b e t , 1963), G erm an F e d e ra l R epub lic  (F l ir , 1970; Stra u b , 1970; 
W e il a n d  an d  B e h r e n s , 1970), G erm an D em o cra tic  R epublic  (Se f f n e r  an d  L ip pm a n n , 
1967) a n d  recen tly  also in  In d ia  (T iw a ri a n d  P a n d it , 1967). T he disease  h as been given 
d iffe re n t nam es in th e  d iffe re n t countries, su ch  as “ progressive  sheep p n eu m o n ia” , “ M on­
ta n a  sheep disease”  in  A m erica , “ in te rs titia l p n e u m o n ia ” , “ L aik ip ia” , “ G raaf-R e in e t D isease” 
in  S o u th  Africa, “ L a B o u b ite ”  in F rance, “ D a m p ig h e id ” , “ Z w oegerziek te”  in H olland , 
“ in te rs t i tia l  sheep p n e u m o n ia ” , “ M aedi”  in  Ic e la n d , “ a ty p ic a l p n e u m o n ia ”  in  G reat B rita in  
a n d  “ M aedi” , “ V isna /M aed i”  or “ progressive in te r s t i t ia l  p n eu m o n ia”  in  th e  two G erm an 
republics . I t  is, how ever, c e r ta in  from  the  d esc rip tio n s  o f  th e  gross a n d  m icroscopic lesions 
t h a t  th e  various nam es d esig n ate  one and th e  sam e disease.

T he etiology of th e  co n d itio n  seems to  be c lear. M ost in v es tig a to rs  h av e  classified its  
cau sa l ag en t as an  R N A  v iru s , resem bling th e  a g e n ts  o f a v ia n  and  m u rin e  leucosis. The v iru s 
causes ch arac te ris tic  c y to p h a th ic  changes —  m u ltin u c le a te d  g ian t cell (syncy tium ) fo rm a ­
t io n  — in  cell cu ltu res p re p a re d  from  choroid p lex u s  of sheep, a d ren a l co rtex  of lam b and  
b o v ine  trach ea l ep ith e liu m  (S ig u rd a rd o ttir  a n d  T iio r m a r , 1964). T he v iru s particles a re  
d em o n s trab le  in the  c y to p la sm  by im m unofluo rescence  as soon as 24 h o u rs  a fte r infection . 
T h e  cell nuclei show no fluorescence, in d ica tin g  th a t  v iru s  syn thesis ta k e s  p lace in  th e  c y to ­
p lasm . T he agen t is sen sitiv e  to  e ther, chloroform , fo rm ald eh y d e , e th an o l an d  phenol (Str a u b , 
1970), an d  induces v iru s-n e u tra liz in g  a n tib o d y  resp o n se  in th e  d iseased  sheep (Th orm a r , 
Gisla so n  and  H e l g a d o t t ir . 1966).

L ike leucosis, M aedi chiefly  spreads v e r tic a lly , from  g en era tio n  to  generation . Since, 
how ever, th e  d iseased sh eep  shed the  v irus w ith  re sp ira to ry  e x u d a tio n  an d  saliva , ho rizo n ta l 
sp read  by co n tac t can  also ta k e  place, especially  in  c row ded  flocks. C erta in  au th o rs  (Se f f ­
n e r  an d  L ippm a n n , 1967; Str a u b , 1970) hav e  a t t r ib u te d  a carrier role to  ap p a re n tly  h e a lth y  
ram s . A ccording to  an  earlie r view , only ewes are  suscep tib le  to  th e  cau sa l agent. In d ian  
a u th o rs  (T iw a r i and  P a n d it , 1967) rep o rted  th e  occurrence  of M aedi am ong  goats. C erta in
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breeds w ere found  to  be  m ore suscep tib le  th a n  o thers (Se f f n e h  a n d  L ip pm a n n , 1967). T he 
disease  w as tran s fe ra b le  to  sheep an d  g o a ts  b y  in tra n asa l an d  in tra ce re b ra l in fec tio n  (S i ­
g u r d a r d o tt ir  an d  T h o rm a r , 1964). O w ing to  th e  ex trem ely  long  la te n cy  period  (o ccasion ­
a lly  2— 3 years), how ever, biological te s ts  a re  o f no value  fo r ro u tin e  d iagnostic  p u rp o ses.

C linically th e  disease is ch arac te rized  b y  an  o b d u ra te  d ry  cough  and  an  afeb rile  s ta te ,  
m ark e d  loss o f co n d itio n  a n d  a 2— 8 m o n th s  long course w hich  is u su a lly  irresponsive  to  all 
k in d s  o f th e ra p y  an d  n e arly  alw ays ends fa ta lly  (Ma rsh , 1923; S ig u r d a r d o tt ir  an d  T h o r m a r , 
1964; Str a u b , 1970). T he cond ition  becom es p a rticu la rly  severe  w ith  advan c in g  p re g n an c y  
a n d  p a r tu r itio n . A c o n cu rre n t b ac teria l in fec tio n  m ay  shorten  th e  course and cause a  te m p e r ­
a tu re  e levation . T he m o st ty p ica l gross a n d  m icroscopic lesions develop in  th e  lungs, p e r i­
b ro n ch ia l ly m p h  nodes a n d  cen tra l n e rv o u s  system  (Ma r c h , 1923: Sig u r d a r d o t t ir  a n d  
T h o rm a r , 1964; St r a u b , 1970).

Results

In  a C oopera tive  F arm  in S o u th  H u n g ary , severa l ewes of th e  M erino ­
like b reed  developed  in succession signs ind ica tive  of p n eu m o n ia . F o r th e  la s t  
tw o  years, Suffolk an d  H am p sh ire  ra m s  im ported  from  G rea t B rita in  h a d  been  
used for a rtif ic ia l in sem ina tion  o f th e  ewes. L a te r  th e  incidence of th e  d isease 
w as n o ted  in  th e  sheep  flock of th e  neighbouring  co o p era tiv e  farm  as w ell as in  
a n o th e r  farm  of W est H u n g ary , in  w h ich  th e  sheep also  w ere of a M erino-like 
b reed . T he sy m p to m s, course an d  ep izootology of th e  disease w ere s tu d ie d  b y  
th e  a u th o rs  on th e  sp o t. Carcases o f 2 spon taneously  d ied  an d  4 em ergency - 
s lau g h te red  an im als w ere exam ined  fo r gross and  m icroscopic lesions as w ell as 
m icrobiological and  parasito log ica l s ta tu s  in the  lab o ra to rie s  of th e  C en tra l 
V e te rin a ry  In s t i tu te  and  10 blood sam ples were used  for serological a n d  
h aem ato log ica l te s ts . D eta iled  case h isto ries  were av a ilab le  from  tw o  fa rm s.

Clinical observations

T he f irs t sy m p to m  was a d y sp n o ea , scarcely n o ticeab le  a t  th e  b eg in n in g , 
b u t  becom ing m ore severe w ith  tim e . A fte r  an increased  physica l e x e r tio n , 
e.g. w hen  th e  an im als were forced to  m ove, the  re sp ira tio n  becam e still m ore  
d ifficu lt; th e  h ead  w as s tre tch ed  fo rw ard  an  th e  nostrils  w idened  a t  in ­
h a la tio n . A n a b d o m in a l re sp ira tio n  se t in , w ith  a freq u en cy  up  to  100— 120 
p e r  m in u te . D yspnoea  was accom pan ied  by  a w eak b u t  o b d u ra te , d ry  cough . 
In  ad v an ced  cases a serous n asa l d ischarge  ap p ea red . Severely  ill an im als  
lagged beh ind  th e  re s t of th e  flock , m oved  re lu c ta n tly  an d  often  co llapsed  
from  loss of s tre n g th . T here  w as no te m p e ra tu re  e lev a tio n  th ro u g h o u t th e  
course. N e ith e r th e  a p p e tite , no r u rin e  an d  faeces d ischarge  changed  n o ta b ly , 
y e t  th e re  w as a p rogressive loss o f co n d itio n  and  an aem ia  developed . A s lig h t 
leucocytosis (16 000— 17 000 leucocy tes p er m m 3) an d  re la tiv e  ly m p h o cy to s is  
w ere observed . M ost an im als d ied  2— 6 m onths a f te r  th e  onset o f th e  f irs t  
sy m p to m s. All d iseased  anim als d ied  w h ich  h ad  no t been  em erg en cy -s lau g h te red  
in  th e  m ean tim e. In  one farm , 35 ewes from  a flock o f 420 becam e ill in  th e
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Fig. 1. E n la rg ed  lung and  m ed ia s tin a l ly m p h  node

period  from  S ep tem b er 1971 to  F e b ru a ry  1972, an d  b y  th e n  10 h ad  a lre a d y  
died an d  fo u r h a d  to  be em ergen cy -s lau g h te red . In  th e  o th e r farm , four ewes 
of 250 w ere em ergency -slaugh tered  d u rin g  th e  sam e period.

T he disease d id  no t affect the b re e d e r ram s an d  young  lam bs.

Gross lesions

L ungs rem oved  in  an  earlier s tag e  o f th e  disease (from  em ergency- 
s lau g h te red  an im als) w ere only p a r tly  c h an g ed , show ing g ray ish -red  spo ts o f  
a te lec tas ia , as elastic  as a ru b b e r sponge, ch ie fly  in  th e  accessory  lobes an d  in  
th e  a d ja c e n t p a r ts  of th e  d iaph ragm ai lo b es. In sid e  th e  changed  areas th e re  
were sm all, sca tte re d , ligh t-red  air spaces a n d  lig h t g ray ish -p in k  or g ray ish - 
red  m iliary  foci, m ore co m p act th a n  th e  su rro u n d in g  tissue and  in places co n ­
flu en t. T he a ir  spaces an d  airless foci re n d e re d  th e  cu t surface of th e  lu n g  
ch arac te ris tic a lly  v a rieg a ted . In  th e  ad v a n c e d  s tage , th e  p u lm o n a ry  a te lec tas ia  
was alm ost com plete , th e  lung  enlarged, w eigh ing  1600— 2000 g in stead  of th e  
no rm al 600— 800 g (F ig. 1); th e  h om ogeneously  g ray ish -red  p a ren ch y m a  
becam e m ore co m p act, less elastic and  re s is te d  tea rin g . Also th e  m iliary  foci 
felt m ore co m p ac t, h u t  no t even those localiz ing  d irec tly  u n d e r th e  p leu ra  
bulged above th e  surface. T he b ronch ia l w alls th ick en ed , th e  perib ronch ia l 
and  m ed iastina l ly m p h  nodes enlarged sev e ra l tim es, th e ir  colour changed  to  
g ray ish -w h ite  an d  th e ir  c u t surface re sem b led  th a t  of bacon .
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M icroscopic lesions

In  acco rdance  w ith  th e  sy m p to m s a n d  gross lesions, m icroscopic ch an g es 
w ere chiefly  fo u n d  in  th e  lungs. A n in f la m m a to ry  cell in filtra tio n  o f th e  a lv e o la r  
w alls (Fig. 2) w as a lread y  observed  in  th e  lungs of an im als em erg en cy -s lau g h ­
te re d  in  an early  stag e  of th e  d isease. T h e  in f iltra tin g  cells w ere ly m p h o c y te s , 
h is tio cy tes , p la sm a  cells an d  a few  n e u tro p h il  g ranu locy tes (F ig. 3); th e ir  p ro ­
life ra tio n  an d  m ig ra tio n  resu lted  in th ic k e n in g  of th e  w all and  c o n s tr ic tio n  of 
th e  lum en of th e  alveoli. P ara lle l to  th e  e s tab lish m en t of in te rs titia l p n eu m o n ia , 
foci consisting  of ly m p h o id  cells arose in  th e  p aren ch y m a, above all a long  th e  
la rg e r vessels, re sp ira to ry  b ronchio les a n d  b ronch i (F ig . 4). In  ad v an ced  cases, 
th e se  lym ph  follicles increased  in size a n d  n u m b er (F ig. 5), causing  th ic k e n in g  
o f  th e  alveo lar w all an d  co n stric tio n  o f th e  lum en , u n til  th e  a lv eo la r s tru c tu re  
w as p rac tica lly  lo st. T he lining ep ith e lia l cells of th e  alveoli d eg en era ted , grew  
la rg e r and  becam e d esq u am ated  from  th e  wall in to  th e  lum en  (F ig . 6). I n ­
f la m m a to ry  cells an d  o th e r m o n o n u c lea r elem ents, in f il tra tin g  th e  in te r ­
a lv eo la r tissue , also ap p eared  in th e  a lv e o la r  lum en (F ig . 7). T he in te r s t i t ia l  
p n eu m o n ia  p rogressed  to  fibrosis (F ig . 8), re su lting  in  fu r th e r  c o n s tr ic tio n  of 
th e  a lveolar lu m in a . In  th e  fib ro tic  a reas , th e  elastic  fib res show ed no ch an g e , 
b u t  th e  argy roph ilic  fib res th ick en ed  a n d  increased  in  n u m b er, as d e m o n s tra te d  
b y  G öm öri’s silver im p reg n a tio n  te c h n iq u e  (F ig. 9). P ro life ra tio n  o f sm o o th  
m uscle cells an d , occasionally , o f th e  a lv eo la r and  b ro n ch io la r ep ith e liu m  w as 
o b served  (F ig. 10), as well as an  a d en o m a to u s  change of th e  m in o r a irw ay s  
(F ig . 11). In  o th e r  cases, ro u n d  or oval, concre tion-like  basophilic  bodies, som e 
o f  w hich show ed concen trical lay e rs  a n d  som e co n ta in ed  calcium  sa lts , w ere  
seen in  th e  b ro n ch ia l cav ities am ong  p ro life ra tin g  ep ith e lia l cells an d  in f la m ­
m a to ry  cells (F ig . 12). T he a lv eo la r w all an d  b ro n ch io la r lum en  c o n ta in e d , 
a p a r t  from  d eg en era ted  ep ith e lia l cells an d  in fla m m a to ry  cells, g ia n t cells 
(F igs 13 an d  14); th ese  w ere e ith e r  la rg e , b in u c lea ted  or b iza rre ly  sh a p e d , 
m u ltin u c lea ted  fo rm s. T he walls o f th e  m in o r a irw ays ap p ea red  in ta c t, w ith o u t 
ev en  an  in f la m m a to ry  change. In  th e  b ra in , above all in th e  o lfac to ry  lobe  a n d  
A m m on’s h o rn , th e re  was a c ircu m scrib ed  n o n -p u ru len t ly m p h o cy tic  en c e ­
p h a litis , accom pan ied  b y  glia cell p ro life ra tio n  (F ig. 15).

M icrobiological and parasitological exam inations

No pa th o g en ic  b ac te ria  could  be  iso la ted  from  p a re n c h y m a to u s  o rg an s, 
b ra in s , changed  ly m p h  nodes and  lungs ex cep t one lung . T he la t te r  c o n ta in e d  
p asteu re llae  w hich p ro b ab ly  o rig in a te d  from  a secondary  in fec tion . M icro ­
scopic ex am in a tio n s  and  in fection  ex p e rim en ts  in chick  em bryo  fo r th e  d e ­
m o n stra tio n  of B edson ia  also h a d  n e g a tiv e  resu lts  an d  no co m p lem en t-fix in g  
(C F) an tib o d ies  w ere found  in th e  sera  o f th e  diseased an im als.
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Fig. 2. D e ta il o f lu n g  p a ren ch y m a  from  a  d iseased  sheep. E a rly  s tage  of in te rs ti tia l  p n e u ­
m onia  w ith  ly m p h  follicle fo rm atio n . H a em a la u n  a n d  eosin s ta in , X95

Fig. 3. D e ta il o f F ig . 1. T he alveolar w alls a re  th ic k e n ed  a n d  in f il tra te d  by  in f la m m a to ry
cells, X  600
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F ig . 4. L ym phoid  foci along airw ays and  b lood  vessels as well as in th e  p u lm o n ary  p a re n ­
chym a. H aem a lau n  an d  eosin  s ta in , X45

F ig . 5. V igorous p ro life ra tio n  of th e  ly m p h o re tic u la r  tissue  in the  f ib ro tic  lung. H a em a la u n
a n d  eosin s ta in , X 45
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F ig. 7. The alveolar lu m e n  inside th e  th ic k e n ed  walls is ch iefly  filled  by  in fla m m a to ry  cells.
H aem alau n  a n d  eosin s ta in , X 600

3* A c ta  Veterinaria Academ iae Sc ien tia ru m  H ungaricae 23 , 1973

Fig. 6. D egenerated , d e sq u am a ted  a lveo lar ep ithe lium  and in fla m m a to ry  cells in th e  alveolar 
lum en. H aem a lau n  a n d  eosin s ta in , X  600
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F ig . 8. F ib ro tic  de ta il o f in te r s t i t ia l  pneum onia . H aem alau n  an d  eosin s ta in , X95

F ig. 9. T hickening and increase  o f argy roph ilic  fib res in  th e  lung. G öm üri’s silver im pregn
tio n  technique, X 240
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Fig. 10. P ro life ra tio n  in  th e  lum en o f alveoli and  broneliioli. H a em a la u n  and  eosinsta iu
X600

Fig. 11. A denom a-like p ro life ration  o f m in o r airw ays. H a em a la u n  and  eosin s ta in , X95

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



214 SÜVEGES and SZÉK Y

F ig . 12. C oncentration-like b o d y  su rro u n d ed  by in fla m m a to ry  cells in  th e  b ronch io lar lum en.
H a em a la u n  and  eosin s ta in , x 600

F ig. 13. G iant cell in  th e  a lveo lar lum en. H a em a la u n  and  eosin  s ta in , X  600

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



IN CID EN CE OF MAEDI IN  HUNGARY 2 1 5

Fig. 14. G ian t cells an d  in fla m m a to ry  cells in  th e  b roncliio la r lum en . H aem a lau n  and  eosin
s ta in , X 600

F ig . 15. D etail of A m m on’s horn . N o te  th e  focal, m ixed glia cell p ro life ra tio n  and  th e  v ascu la r 
ly m p h o cy te  coa t. H a em a lau n  an d  eosin s ta in , X 95
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Parasito log ica l e x am in a tio n s  of faecal sam ples an d  lungs revea led  a v e ry  
s lig h t lung helm in thosis , i f  a n y , w hich  c learly  h ad  no causa l re la tio n  w ith  th e  
p n eum on ia .

D iscussion

W e concluded from  our e x am in a tio n s  th a t  th e  co n d itio n  observed  in  
sheep  b y  us is id en tica l w ith  th e  disease described  in  o th e r  coun tries as M aedi, 
ch ro n ic  progressive in te rs t i t ia l  p n eu m o n ia  or u n d e r o th e r  synonym ous n am es.

W e agree w ith  o th e r  a u th o rs  th a t  th e  gross an d  m icroscopic lesions of th e  
lu n g s  are so c h a ra c te ris tic  t h a t  along w ith  th e  o b se rv a tio n  of th e  clinical 
sy m p to m s and  course, a su re  d iagnosis can  be estab lished  w ith o u t iso la tion  of 
th e  causative  v iru s . F u r th e r  s tu d ies  are  in  progress to  c la rify  w h e th e r th e  con­
d itio n , showing all m orpho log ica l ch a rac te ris tic s  of ch ron ic  in te rs ti t ia l  sheep 
p n eu m o n ia , is e tio log ica lly  also id en tica l w ith  th e  disease described  ab ro ad .

As far as we are  in fo rm ed , th e  disease d id  n o t p rev io u sly  occur in  H u n g a ry . 
A lth o u g h  th ere  is n o t ev idence , its  in tro d u c tio n  b y  im p o rte d  b reed e r ram s 
seem s highly p ro b ab le , b ecau se  re c e n tly  m an y  such an im als  h av e  been  p ro ­
cu red  from  several co u n trie s  in  w hich th e  disease occurs reg u la rly . As th e  
sperm s of these ram s w ere used  for a rtif ic ia l in sem in a tio n  in n ea rly  all large 
sheep  flocks of th e  c o u n try , th e  incidence of chronic p rogressive in te rs ti t ia l  
p n eu m o n ia  in a d d itio n a l flocks can  well be expected .

T h erap y  is useless an d  a t te m p ts  a t  p ro tec tio n  b y  ac tiv e  im m u n iza tio n  
h a v e  also failed, a t  le a s t as fa r  as we know . In  consid era tio n  o f th e  con tag ious 
n a tu re  of the  disease an d  th e  g re a t econom ic losses caused  by  it, th e  follow ing 
m easu res are p roposed  to  p re v e n t its  sp read . B reeder ram s m u st n o t be p ro ­
cu red  from  o th e r th a n  “ c lean ”  flocks e ith e r  hom e or ab ro a d . The v e te r in a ry  
h yg ien ic  contro l, o rd e red  b y  th e  N a tio n a l B o ard  for A n im al B reeding , shou ld  
b e  ex ten d ed  to  th is  sheep  disease. Sheep diseased in  a p n eu m o n ia  irresponsive  
to  th e ra p y  should  be reg a rd ed  as su spec t of M aedi an d  o rgans, especially  th e  
lu n g s of anim als n a tu ra l ly  d ied  from , or em erg en cy -s lau g h te red  for, th is  co n ­
d itio n , should be ex am in ed  m icroscop ically . I f  th e  incidence  of th e  disease 
h a s  been no ted  in  a flo ck , all sick an im als should  be s lau g h te red  as soon as 
possib le .

SU M M A RY

The v iral disease M aedi (chron ic  progressive  in te rs ti tia l  p n eu m o n ia ) was observed  in 
H u n g a ry  in th ree  M erin o -ty p e  sheep flocks early  in 1972. As th e  co n d itio n  h ad  n o t p rev iously  
b e en  know n in th is  c o u n try , its  in tro d u c tio n  by  im ported  b reed er ram s seems probab le . 
T h e  m ain  clinical sy m p to m s a re  a severe  progressive  dyspnoea, increased  re sp ira tio n  freq u en cy  
a n d  em aciation . The disease is irresponsive  to  th e ra p y  and alw ays ends fa ta lly  a fte r  a course 
o f  2— 6 m onths. G rossly th e  lungs w ere fo u n d  to have  en larged , w eighing 1600 2000 g
in s te a d  of the usual 600— 800 g. T here  w ere ex tensive  areas of a te lec ta s is  inside w hich g ray ish- 
p in k  m iliary  foci w ere seen a n d  th e  p e rib ro n ch ia l ly m p h  nodes grew  large  w ith  h y p erp lasia . 
T h e  m icroscopic p ic tu re  o f th e  lung  lesions co rresponded  to a ch ron ic  progressive in te rs ti tia l
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pneum onia , accom pan ied  by  ly m p h  follicle fo rm atio n , p ro life ra tio n  o f th e  a lveolar, b ron - 
ch io lar and  b ro n ch ia l ep ith e liu m  an d  ad enom a-like  changes. A m ong th e  in flam m ato ry  cells 
th e re  were g ian t cells a n d  a few concre tion -like , basophilic  bodies. T h e  c en tra l nervous sy s tem  
w as also involved ; th e re  was a n o n -p u ru len t en cep h alitis , acco m p an ied  by  gliosis. T he disease 
is contagious and  causes g rea t econom ic losses. T he M inistry  fo r A g ricu ltu re  an d  Food  ordered  
t h a t  th e  in fected  b reed s should  be tre a te d  as closed flocks and  issued  severa l in s tru c tio n s  fo r 
th e  p rev en tio n  of fu r th e r  spread.
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OK SEROGROUPS AND LOOP-DILATING EFFECT 
OF E S C H E R I C H I A  C O L I  STRAINS ISOLATED FROM PIGS

By

G. S e m j é n  and L. P esti

V e te rin a ry  M edical R esearch  I n s t i tu te  (D irec to r: D. D e r z sy ), 
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(R eceived S ep tem b er 11, 1972)

In  Escherichia coli n eo n a ta l d ia rrh o ea  E . coli-en te ro to x a e m ia  and  oedem a 
disease of sw ine, th e  decisive cau sa tiv e  ro le h as  generally  been  a ttr ib u te d  to  
ce rta in  E . coli s tra in s  of w ell-defined se ro ty p es .

Serological s tu d ie s  of iso lates from  d iseased  an im als have  show n th a t  new  se ro ty p es 
m ay  also a p p ea r a n d  th e  incidence of th e  s tra in s  kno w n  as en te ro p ath o g en ic  m ay change 
w ith  th e  co u n try  o f occurrence  an d  periods o f tim e  (S o jk a  e t al., 1960; S o jk a , 1965; Go sslin g  
and  R h o a d es , 1966, 1967; Szabó, 1965; Moon  e t  a l., 1966a, and o thers).

T he o b se rv a tio n s  t h a t  b ro th  cu ltu res  of E . coli s tra in s  iso la ted  from  pigs suffering  
from  E . coh -d ia rrh o ea  cause an  accu m u la tio n  of f lu id  in th e  lig a ted  sm a ll-in testin al loop  
have  been u tilized  as a new  app ro ach  to  th e  p ro b lem  of th e  pa thogenesis of E . coli in fec tions 
in pigs (Moon e t  a l., 1966b; Sm ith  and  H a lls , 1967a; Gy les  and B a r n u m , 1967; N ie l s e n  
and  Sa u t t e r , 1968). T h e  loop-d ila ting  effect o f th e  s tra in s  is re la te d  to  th e ir  en te ro to x in - 
p rod u c in g  cap ac ity . O n th e  basis of ex am in a tio n s a long  th is  line, those  stra in s  have  b een  
reg ard ed  as e n te ro p a th o g e n ic  w hich a re  capab le  o f grow ing and p ro d u c in g  en tero tox in (s) in  
sw ine sm all-in testin e . U p  to  now S o jk a  (1970) fo u n d  18 O K  groups to  m ee t th is  req u irem en t.

Since th e  in v es tig a tio n s  of P esti  (1960) an d  Szabó (1965), no serological 
ty p in g  o f sw ine E . coli s tra in s has been  re p o r te d  in  H u n g a ry , n e ith e r  h a v e  
e n te ro p a th o g en ic ity  stud ies been described  w ith  th e  loop te s t . I t  seem ed 
th ere fo re  w o rth w h ile  to  exam ine (1) th e  O K  groups of E . coli iso lates from  
d ifferen t diseases in  vario u s swine farm s as w ell as (2) th e  re la tio n sh ip  b e tw een  
th e  origin, lo o p -d ila tin g  effect an d  serogroup  o f th e  iso lates.

M aterials and  m ethods

E . coli s tra in s

A to ta l  of 92 stra in s*  were iso la ted  from  swine herds o f 58 farm s, s itu a te d  
in  d iffe ren t p a r ts  o f th e  co u n try , in  th e  p e rio d  1969— 1972. T he o u tb reak s  o f  
E . coli-diseases w ere  epizootologically  u n re la te d  to  one a n o th e r. D a ta  of th e  
iso la tion  an d  m a in te n a n c e  of th e  s tra in s  h a v e  been  described  elsew here (P e s t i  
and S e m j é n , 1973).

* One p a r t  o f th e  s tra in s  was k ind ly  supp lied  by  dr. P . Áld á sy  an d  d r. T. Sü v e g e s .
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T he sources of th e  exam ined  92 s tra in s  w ere th e  follow ing: (1) 24 s tra in s  
w ere iso la ted  from  suckling  p ig le ts  1 to  10 days of age, diseased in  E . coli- 
d ia rrh o ea ; (2) 36 s tra in s  o rig ina ted  from  pigs died o f E . co /i-en tero toxaem ia . 
T h is group in c lu d ed  p ig le ts  from  3 w eeks to  3 m o n ths old, w hich h a d  h a d  a 
d is tin c t d ia rrh o ea  b u t  show ed no signs o f oedem a disease a t  p ost m o rtem  
ex am in a tio n . (3) T w elve  s tra in s o rig in a te d  from  cases diagnosed as oedem a 
disease, am ong 3 w eeks to  3 m o n th s old pigs. (4) A to ta l  o f 20 s tra in s , used  as 
con tro ls, o rig in a ted  from  th e  fo llow ing sources: 8 from  th e  faeces of h e a lth y  
an im als, 7 from  h e a lth y  an im als in  c o n ta c t w ith  diseased ones an d  5 from  th e  
sm all in te s tin e  o f an im als  died of d iseases o th e r th a n  E . coli infection .

All iso la tes w ere exam ined  fo r indo le  p ro d u c tio n , lac to se , glucose, m a n ­
n ito l an d  inosito l decom posing a c tiv ity , h aem oly tic  p ro p e rty  and  b eh av io u r in  
th e  Y oges-P roskauer, m e th y l red  a n d  E ik m a n ’s te s ts .

E . coli antisera. Serological exam inations

О an d  O K  a n tise ra  w ere p re p a re d  in  ra b b its  w ith  s tra in s  recognized as 
en te ro p a th o g en ic , u sing  th e  m e th o d  o f S o jk a  (1965). T he s tra in s  w ere k in d ly  
supp lied  b y  D r. W . J .  S o jka  (C en tra l V e te rin a ry  L a b o ra to ry , W eybridge) an d  
an tise ra  w ere p re p a re d  to  th e  fo llow ing  О serogroups: 0 8 , 0 9 , OlO, 0 3 5 , 
0 4 5 , 0 6 4 , 0 1 0 8 , 0 1 1 5 , 0116 . 0 1 1 9 , 0 1 3 8 , 0139 , 0 1 4 1 , 0147 , 0 1 4 9 . T he 
cap su la r an tig en  w as de te rm in ed  b y  m ean s of th e  К  an d  O K  sera 85b(B ), 
85c(B), 87(B), 89(B), 91(B), 88ab(L ), 88c(L ), an d  0 4 5 : K “ E 6 5 ” , 011 6 : K “ V 17” , 
0 1 3 8 : K 81(B ), 0 1 3 9 : K 82(B ), 0 9 :  K “ P 1 6 ” (A), 0 6 4 : K “ V 142” , 01 0 8 : K “ 189” , 
O lO: K “ V50” , 0 3 5 : K “ V 79” , 0 1 1 5 : K “ V 165” , 0 1 1 9 : K “ V 113” .*

T he О an tig en s w ere d e te rm in ed  b y  tu b e  ag g lu tin a tio n , th e  К  an tig en s  
b y  slide ag g lu tin a tio n , accord ing  to  th e  m e th o d  of S o jk a  (1965). T hose s tra in s  
w hose 0  an d  К  an tig en s  could n o t be  d e te rm in ed  w ith  a n y  of th e  above  sera , 
w ere classified as u n ty p e a b le . Som e s tra in s  w ere sen t to  th e  W H O  In te rn a tio n a l 
E scherich ia  C en tre  fo r О and  K 88 a n tig e n  d e te rm in a tio n ; th e  w ork w as done 
b y  I. Orsk ov , to  w hom  we are g re a tly  in d e b te d  for th e  he lp . H er re su lts  w ere 
co n sis ten t w ith  o u r find ings. One o f us (G . S.) ty p e d  severa l s tra in s  in  S o jk a ’s 
la b o ra to ry , using  D r. S o jk a ’s ty p e  se ra . W e followed S o j k a ’s schem e (1971) 
fo r th e  n o m e n c la tu ra l d is tin c tio n  o f serog roup  and  se ro ty p e  th ro u g h o u t.

Loop test

O f th e  92 iso la tes  86 w ere s tu d ie d  fo r beh av io u r in  th e  loop te s t .  W e 
used  th e  m e th o d  o f S mith  an d  H alls  (1967), sligh tly  m odified  b y  us (S e m j é n  
a n d  P e s t i , 1973). T h e  loo p -d ila tin g  e ffec t an d  en te ro to x in -p ro d u c in g  c a p a c ity  
o f th e  s tra in s  w ill be described  e lsew here.

* C erta in  K -a n tig e n s  are  d esignated  in  th is  p a p e r w ith  th e  sym bols used  in W ey bridge  
(in  q u o ta tio n  m ark s) fo r lack  of an  in te rn a tio n a lly  approved  designation .
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R esu lts

A ll exam ined  s tra in s  p roduced  indo le , decom posed lactose, glucose, a n d  
m a n n ito l, b u t d id  n o t sp lit inosito l, re a c te d  positively  in  th e  m e th y l red  a n d  
E ik m a n ’s te s ts , b u t  n ega tive ly  in th e  Y oges-P roskauer te s t . E ach  of th e  72 
s tra in s  iso la ted  from  pigs diseased in  E . co /i-d iarrhoea, E . coli-en te ro to x a e m ia  
or oedem a disease, h a d  a h aem oly tic  a c tiv ity , b u t  only  one of th e  8 s tra in s  
o rig in a tin g  from  h e a lth y  anim als possessed  it .  The m a jo rity  of th e  iso lates from  
h e a lth y  an im als in  c o n ta c t w ith  sick  ones as well as from  pigs diseased in  a 
co n d itio n  o th e r th a n  E . coli in fec tion  also d isp layed  a h aem oly tic  a c tiv ity .

T he resu lts  of serological ex am in a tio n s  and  b eh av io u r in  th e  loop te s t  of 
s tra in s  o rig ina ting  from  anim als w ith  E . coZZ-diarrhoea an d  E . coli-e n te ro ­
to x aem ia  are show n in  T able I. in  th is  ca tego ry , 68 .3%  o f th e  s tra in s be longed  
to  th e  serogroups 0 1 4 7 : K89, K 88ac a n d  014 9 : K91, K 88ac. I t  seem s re m a rk ­
ab le  th a t  a s tra in  belonging  to  th e  0 1 3 9 : K82 OK group w as iso lated  from  th e  
carcases of tw o pigs died of E . coZZ-diarrhoea. T he b ro th  cu ltu re  o f one of 
th e se  iso la tes was po sitiv e  in th e  loop te s t .  T he overw helm ing  m a jo rity  (87.5 
an d  94 .2 % , respec tive ly ) of th e  s tra in s  o rig inating  from  th e  tw o d iseases 
e lic ited  a flu id  accu m u la tio n  in th e  l ig a te d  sm all in te s tin a l loop.

T he serological c lassification  a n d  b eh av io u r in  th e  loop te s t  of s tra in s  
o rig in a tin g  from  oedem a disease a n d  th e ir  contro ls are  show n in T ab le  I I .

T able  I

O K  serogroups a n d  loop d ilating  effec t o f E . coli s tra in s  iso lated  from  pigs 
w ith  E . coli-diarrhoea an d  E . coZi-enterotoxaemia

Serogroups

Е co /i-d ia rrh o ea E. co /i-en tero toxaem ia

N o. of 
s tra in s

L oop te s t N o. o f  
s tra in s

Loop te s t

p o s itiv e n egative po sitiv e  n e g a tiv e

0 2 * — — l l

0 1 4  : K ? , K88ac, 1 l — — — —

010 8 K  “ V189” — — — 3** l l

0115 К  “ У 165” — — — 1 l

0138 K 81, K88ac — — - 1 l

0139 К 82 2 1 l — —

0147 К 89, К 88ас 9 9 — 12 12

0 1 4 9 : К 9 1 , К 88ас 8 8 — 13** 12

U n ty p eab le 2 1 l 1 1

R-form 2 1 l 4 4

T o ta ls 24 21 3 36 32 2

* T yped  by  I. 0RSKOV*.
** One stra in  w as no t exam ined b y  loop te s t.
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Table II

OK serogroups and  loop-dilating effect of isolates from  oedem a disease 
and of con tro l s tra in s

C ontro l

Serogroups

O ed em a  disease H e a lth y  an im a ls H e a lth y  an im als  in 
in fec ted  e n v iro n m en t

D iseases u n re la te d  
to  E . coli

N o. o f 
s tra in s

Loop te s t N o. of 
s tra in s

L oop te s t No. of Loop te s t No. of Г О О "0 t e s t

pos. neg. pos. neg.
s tra in s

pos. neg.
s tra in s

pos. neg.

0 8  : K ? ,  K 8 8 a c — — — — — — __ __ __ l 1

0 9  : К  “ P 1 6 ”  ( A ) — — — — — — — — — i __* * —

0 4 5  : К ?  ( K E 6 5 ) — — — — — — l — l — — —

0 5 1 * — — — l — 1 — — — — — —

0 1 0 8  : K  “ V 1 8 9 ” — — — — — — l l — — — —

0 1 3 8  : K 8 1 l 1

0 1 3 9  : К - i — i

0 1 3 9  : K 8 2 6 — 5 * *

0 1 4 1  : K 8 5 a b I — 1

0 1 4 1  : K 8 5 a c l — 1 — — — — — — — — —

0 1 4 9  : K 9 1 ,  K 8 8 a c — — — — — — 3 3 — — — —

U n t y p e a b l e l — 1 7 l 4 * * l — l 2 — 2

R - f o r m s l — 1 — — l — l 1 — 1

T o t a l s 1 2 1 1 0 8 i 5 7 4 3 5 1 3

* Typed b y  I. 0 R S K O V .
“ The m issing s tra in s  were no t tested .

Seven  of th e  12 iso la te s  belonged to  th e  0 1 3 9  group. All s tra in s , except one 
h av in g  th e  an tig en ic  p a t te rn  013 8 : K 81, failed to  cause d ila tio n  of the liga ted  
in te s tin a l loop. T h e  О an d  К  an tigens o f th e  iso lates o rig in a tin g  from  h e a lth y  
an im als  could n o t  be  de te rm ined  w ith  th e  ava ilab le  sera an d  only one of 6 
s tra in s  showed a p o s itiv e  loop tes t. F o u r o f th e  7 s tra in s  iso la ted  from  h ea lth y  
an im als  k ep t in in fe c te d  env ironm en t cou ld  be classified in to  th e  recognized 
en te ro p a th o g en ic  g ro u p s  0149 : K 91, K 88ac an d  010 8 : K “Y 189”  and  these 
w ere also lo o p -test po sitiv e . One of th e  rem ain in g  th ree  s tra in s  show ing a 
n e g a tiv e  loop te s t  be longed  to  th e  serogroup  0 4 5 : K ?(K E 6 5 ); th is  OK group  
is com m on in oed em a disease. O f th e  5 s tra in s  o rig in a tin g  from  an im als 
d iseased  in co n d itions aetio logically  u n re la te d  to  E . coli, 2 w ere ty p eab le  for О 
a n d  К  an tigens w ith  th e  availab le sera. O ne of these  s tra in s  (0 8 : К  ?, K 88ac) 
e lic ited  fluid a c c u m u la tio n  in th e  lig a ted  in te s tin a l loop, th e  o thers were 
lo o p -tes t negative.
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D iscussion

In  1963, S o j k a  an d  S w e e n e y  (C it. S o j k a , 1965) m ad e  severa l iso lations 
o f  a s tra in  from  pigs d iseased in  “ e n te r it is ” ; th e y  classified  i t  in to  th e  group 
G1235 O K . O r s k o v  e t al. (1964) recognized  th e  s tra in  as a new  sero type , 
0 1 4 7 : K89, K 88ac: 1119. In  th e  G erm an  D em ocratic  R ep u b lic  W it t i g  (1963) 
a n d  in  Ire lan d  Sw e e n e y  (1964) fre q u e n tly  iso lated  a s tra in  co n ta in in g  K 88 
a n tig e n ; th e  an tigen ic  p a t te rn  o f th is  s tra in  was la te r  id e n tif ie d  b y  O r s k o v  
e t al. (1969) as 0 1 4 9 : K 91, K 88ac: H 10.

A ccording to  earlie r s tu d ies  in  H u n g a ry  and  ab ro ad  (S o j k a  e t al., 1957; 
E w i n g  e t al., 1958; Ca m p b e l l , 1959; S o j k a  e t al., 1960; S o j k a , 1965; Sz a b ó , 
1965; M oon  e t a l., 1966, an d  o th e rs), th e  p red o m in an t О g ro u p s w ere 0 8 , 0 9 , 
O101. 0138  an d  0141 in E . coli-d ia rrh o ea ; 0138  and  0 1 4 1  in  E . coli-en tero - 
to x aem ia  an d  0139 , 01 3 8  an d  0141  in  oedem a disease. R e c e n t investig a tio n s 
h a v e , how ever, disclosed o th e r  p re d o m in a n t serogroups. I n  Sw eden, S ö d e r ­
l i n d  (1971) found  th e  p red o m in an ce  of th e  0  groups 8, 141 a n d  147 in  E . coli- 
d iseases of new born  p ig le ts  an d  th e  О g roup  141 in  “ w ean lin g  pigs w ith  e n te ­
r i t is ” . In  C anada, G y l e s  e t al. (1971) id en tified  87%  of th e  iso la tes from  pigs 
w ith  E . coli-d ia rrh o ea  as 0 8 :  K 87, K 88ac, 011 6 : K “ V 17” , K 88ac, 01 4 7 : K 89, 
K 88ac, 0 1 3 8 : K81 an d  0 4 5 : K “ E 65”  an d  failed  to  f in d  s tra in s  of th e  O K  
g roups 149: K 91, K 88ac, 0 1 3 8 : K 81, K 88ac and  0141 : K 85 , a lth o u g h  fo rm erly  
K e l e n  e t al. (1959) h ad  p re sen ted  ev idence of th e  o ccu rrence  o f th e  sero types 
0 1 4 1 : K x(B ): NM an d  0 1 3 8 : K 81: 118 (or H14). In  th e  U n ite d  S ta tes , th e  
se ro ty p e  0 1 4 9 : K 91, K 88ac: H 10 w as f irs t  iso lated  b y  G l a n t z  an d  K r a d e l  
(1971). In  A u stra lia , B e h  (1971) found  only  th e  OK g roup  0 8 :  K 87, K 88ac, 
a lth o u g h  he used  th e  sam e a n tise ra  as we. W i l l i n g e r  a n d  I l ia d is  (1970) 
exam ined  200 haem o ly tic  E . coli s tra in s  from  pigs d iseased  in  d iarrhoea  w ith  
th e  re su lt th a t  30%  belonged to  th e  O K  group  0149: K 91, K 88ac an d  ab o u t 7%  
to  0 1 4 7 : K 89, K 88ac. K n o x  an d  D am  (1970) classified 9 6 %  o f th e ir  iso lates 
from  p ig lets d ied  of E . co /i-d iarrhoea in to  th e  OK group 0 1 4 9 : K 91. These are 
on ly  a few exam ples; for de ta ils , th e  re a d e r  is referred  to  th e  review  of S o j k a  
(1971) an d  S ö d e r l i n d  (1971), from  w hich  i t  is clear t h a t  s tra in s  of th e  0 1 4 9  
a n d  0147  groups h av e  been  iso la ted  in  severa l o ther co u n trie s  as well.

T he m a jo rity  of th e  s tra in s  iso la ted  in  th e  course o f  th is  s tu d y  from  E . 
eo /i-d iarrhoea an d  E . co /i-en te ro to x aem ia  cases belonged to  th e  О groups 0 1 4 7  
a n d  0149 , w hereas th e  re s t rep re se n te d  6 d ifferen t 0  g roups, u n ty p e a b le  s tra in s  
a n d  R -form s. O ur find ings c learly  in d ica te  th a t  recen tly  th e  cau sa tiv e  ag en ts  
o f E . co /i-d iarrhoea an d  E . co /i-en te ro toxaem ia  have ch ie fly  belonged to  th e  
O K  groups 0 1 4 7 : K89, K 88ac an d  0 1 4 9 : K 91, K 88ac in  H u n g a ry  too.

The occurrence of tw o  s tra in s  w ith  01 3 9 : K82 a n tig en ic  p a tte rn  am ong  
th e  iso lates from  E . co /i-d iarrhoea is rem ark ab le ; one o f th e m  even caused  
accu m u la tio n  of flu id  in  th e  lig a te d  in te s tin a l loop. T h u s  i t  seems p ro b ab le
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t h a t  th e  E . coli 0 1 3 9 : K 82, genera lly  responsib le  fo r oedem a disease, m ay  
occasionally  cause a n  E .  coZZ-diarrhoea in  suckling  p ig le ts .

More th a n  one h a l f  of th e  s tra in s  iso la ted  from  o ed em a disease belonged  
to  th e  serogroup 0 1 3 9 : K 82. A p p a re n tly , s tra in s  possessing  th e  0  an tig en  
0 1 3 9  still p lay  a decisive  ro le in  th is  cond itio n . E x c e p t fo r a single s tra in  of th e  
0 1 3 8 : K81 serogroup , th e  iso la tes from  oedem a d isease fa iled  to  elicit flu id  
accum ula tion  in  th e  l ig a te d  in te s tin a l loop. This again  fav o u rs  the  a ssum ption  
th a t  th e  clinically  a n d  p a th o lo g ica lly  d iffe ren t form s o f E . coli in fections are  
e lic ited  by  s tra in s  possessing  v a rio u s d iseases-p roducing  fac to rs .

A su b s ta n tia l p a r t  of s tra in s  from  E . coZZ-diarrhoea a n d  E . coli-en te ro - 
to x aem ia  had  a lo o p -d ila tin g  effect, viz. p roduced  en te ro to x in (s) ( S m i t h  an d  
H a l l s , 1967b; G y l e s  a n d  B a e n u m , 1969; P e s t i  an d  S e m j é n , 1973) th u s  th e  
d ia rrh o ea l sy m p to m s seem  to  be closely re la te  d to  th e  en te ro to x in -p ro d u c in g  
c a p ac ity  of th e  s tra in  in v o lv ed  in  th e  aetio logy .

T he OK g roups o f  th e  s tra in s  iso la ted  from  h e a lth y  an im als  could n o t be 
dete rm in ed  w ith  th e  a v a ilab le  sera an d  all s tra in s  ex cep t one behaved  n e g a tiv e ­
ly  in  th e  loop te s t .  S tra in s  be longing  to  serogroups recogn ized  as en te ro p a th o - 
genic and  giving a p o s itiv e  loop te s t  w ere, how ever, o ften  en coun tered  am ong 
th e  isolates from  h e a lth y  co n tac ts  of d iseased sw ine. T h e  fac t th a t  c o n ta c t 
an im als m ay c a rry  e n te ro p a th o g e n ic  s tra in s  of E . coli in d ic a te s  th a t  th e  p re s ­
ence of factors o th e r  th a n  th e  cau sa tiv e  a g en t is also re q u ire d  for the  e s tab lish ­
m e n t of an  E . coZZ-infection.

In  accordance w ith  th e  o b serv a tio n s of o thers, th e  p re se n t resu lts suggest 
th a t  as y e t u n id en tif ied  se ro ty p es m ay  a p p e a r  along w ith , o r in stead  of, th e  E . 
coli stra ins reg u la rly  in v o lv ed  in  en te ric  E . coli sw ine diseases over ce rta in  
periods. In  th is  lig h t, im m u n iza tio n  a t te m p ts  based  on th e  serogroup or se ro ­
ty p e  seem to  be o f d o u b tfu l va lue . T he m a jo rity  of th e  s tra in s  from  serogroups 
genera lly  regarded  as en te ro p a th o g en ic  gave a po sitiv e  loop  te s t  (p roduced  
en te ro to x in ), w hile som e s tra in s  of th e  sam e group (e.g . 0 1 0 8 : K “Y189” ) w ere 
lack in g  th is c a p ac ity . C e rta in  lo o p -tes t positive  iso la tes from  swine suffering  
fro m  E . coZZ-diarrhoea cou ld  n o t be classified  in to  a n y  o f S o j k a ’s (1970) 18 
serogroups. As, a cco rd in g  to  S m i t h  a n d  H a l l s  (1968), th e  en te ro to x in - 
p ro d u c in g  cap ac ity  is tra n s fe ra b le  from  one s tra in  to  th e  o th er, th e  loop- 
d ila tin g  effect of th e  lo o p -te s t p o sitive , b u t  u n ty p e a b le  s tra in s  m ay  have 
o rig in a ted  from  a n o th e r  s tra in  of a recognized e n te ro p a th o g e n ic  serogroup .

A C K N O W L E D G E M E N T

The au tho rs a re  in d e b te d  to  Miss K lá ra  L ukács fo r ex ce llen t tech n ica l assistance.

SUM M ARY

A to ta l of 92 E . coli s tra in s  from  pigs w ere exam ined  for O K  sero g ro u p  and  86 of th e m  
w ere te s te d  for lo o p -d ila tin g  effect. O f 60 s tra in s  iso la ted  from  a n im a ls  diseased in  E . coli- 
p ig le t d iarrhoea an d  E . eoZi-entero toxaem ia, 42 (6 8 .3 % ) belonged to  th e  serogroups 0 1 4 7  :
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K 89, K 88ac, a n d  01 4 9  : К 91, К 88ас, w hich  h a d  n o t  prev iously  b een  id en tified  in  H u n g a ry . 
O f th e  re m a in in g  18 s tra in s  9 belonged to  one of 6 fu r th e r  serogroups, th e  o thers w ere u n ty p e -  
able o r R -fo rm s. N in e ty -one  pe r cen t of th e  s tra in s  iso lated  from  th e  above two con d itio n s 
h a d  a lo o p -d ila tin g  effect.

O f th e  12 s tra in s  o rig in a tin g  from  oedem a disease 7 belonged to  th e  serogroup 0 1 3 9  : 
K82 an d  all e x ce p t one (0138  : K 81) were lo o p -te s t  negative. T he m a jo rity  of th e  iso la tes 
from  h e a lth y  p igs and  th a t  o f d iseased in a c o n d itio n  u n re la ted  to  E. coli was u n ty p e a b le  
w ith  th e  av a ilab le  sera and  th e  g rea te r p a r t  o f  th e m  failed to  e lic it accum ula tion  of flu id  
in  th e  lig a ted  in te s tin a l loop.
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STUDIES ON ENTEROPATHOGENICITY,
LOOP DILATING EFFECT 

AND ENTEROTOXIN PRODUCING CAPACITY 
OF E S C H E R I C H I A  C O L I  STRAINS ISOLATED 

FROM ENTERIC DISEASES OF SWINE
B y

L. P e s t i  and G. S e m j é n

V eterin ary  M edical R esearch  I n s t i tu te  (D irector: D. D er z sy ),
H u n g a rian  A cadem y o f Sciences, B u d ap est

(R eceived S e p tem b e r 11, 1972)

Escherichia coli is know n to  be a lw ays p resen t in th e  no rm al in te s tin a l 
flo ra . C e rta in  E . coli species m ay , h o w ever, cause severe, som etim es even le th a l 
diseases b o th  in m an  and  an im als. T h e  im p o r ta n t aetiological role of E . coli 
in  th e  d ia rrh o ea  o f new b o rn  p ig le ts, ca lves an d  h u m an  in fan ts  has long been  
know n, b u t  several steps of th e  p a th o m ech an ism  are still unclear.

L osses from  g as tro -en te ritis  due  to  E . coli are especially  severe am ong  
in ten s iv e ly  m anaged  sw ine an d  c a tt le  h e rd s  w here th e  p o p u la tio n  d en sity  is 
h igh . T h is c ircu m stan ce  in itia te d  closer in v estig a tio n s in to  th e  p a th ogenesis  
o f E . eoZi-diseases.

A m erican  and  E n g lish  au th o rs  (N ie l s e n , 1963; Gy l e s , 1966; Sm ith  and  H a lls , 1967; 
Gy les  a n d  B a rn u m , 1969; Sm ith  and  Gy l e s , 1970; Gy l e s , 1971, an d  o thers) show ed th a t  
live cu ltu res  o f E . coli s tra in s  iso lated  from  d iseases m an ifested  b y  d iarrh o ea  cause acc u m u la ­
tio n  of f lu id  in  th e  lig a ted  sw ine in te s tin a l loop  a n d  usually  p roduce an  exo tox in-like  th e rm o ­
stab le  e n te ro to x in  a n d  a th erm o lab ile  e n te ro to x in  assoc iated  w ith  th e  b ac teria l cell. E n te ro ­
to x in  p ro d u c tio n  (1) is a n  im p o rta n t c h a ra c te ris tic  o f th e  en te ro p ath o g en ic  E . coli s tra in s , 
b u t  no d isease  develops un less (2) m u ltip lic a tio n  o f th e  en te ro to x in -p ro d u c in g  b a c te r ia  a t ta in  
ex trem ely  h ig h  n u m b er in  th e  u p p e r segm en ts o f th e  sm all in testin e . T he loop te s t  p ro v ed  
to  be a re liab le  in d ic a to r o f th e  e n te ro p a th o g e n ic  p ro p e rty  a n d  e n te ro to x in  p ro d u c tio n  of 
E. coli s tra in s .

T h e aim  of th e  p re se n t s tu d y  w as to  o b ta in  m ore in fo rm atio n  a b o u t the  
live c u ltu re s  an d  e n te ro to x in  ac tio n  o f E . coli s tra in s  iso la ted  from  pigs in  
d iffe ren t p a r ts  o f H u n g a ry . Iso la tes  from  o u tb reak s of E . coli-diseases w ere 
exam ined  for lo o p -d ila ting  effect an d  co m p ared  for b eh av io u r in th e  loop te s t .

T h e rm o stab le  a n d  th e rm o lab ile  e n te ro to x in  p rep a ra tio n s  o b ta in ed  from  
th e  c u ltu re s  of th e  iso la ted  s tra in s  w ere te s te d  for loop-d ila ting  effect an d  
co rre la tio n  was sough t betw een  th e ir  b e h av io u r and  th a t  of th e  o rig inal live 
cu ltu re . Y oung  suckling  pigs w ere in o cu la ted  orally  w ith  th e rm o stab le  an d  
th e rm o lab ile  en te ro to x in s  to  decide w h e th e r  the  b acterium -free  en te ro to x in s  
are  ac tiv e  in  them selves.
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M ethods

A to ta l of 86 E . coli stra ins w ere iso la ted  from  pigs of 52 herds in d iffe ren t 
p a r ts  of H u n g a ry ; 24, 34 an d  11 s tra in s  o rig in a ted  from  carcases of pigs d ied  of 
E . coZi-diarrhoea, E .  coZi-enterotoxaem ia a n d  oedem a disease, resp ec tiv e ly . 
T h e  12 contro l s tra in s  w ere iso lated  from  h e a lth y  swine an d  swine diseased in  
cond itions u n re la te d  to  E . coli. T he o u tb re a k s  of E . coli d isease in th e  d iffe ren t 
farm s were ep izoo to log ica lly  u n le ra te d  to  one a n o th e r. T he iso lations w ere 
m ad e  e ither from  fresh  carcases or from  th e  sm all in te stin e  (duodenum  an d  
je ju n u m ) of em erg en cy -s lau g h te red  sw ine. O nly a p a r t  of th e  con tro l s tra in s  
h a d  orig inated  from  faeca l sam ples. S am ples of th e  sm all in te s tin a l co n ten t w ere 
s tre a k e d  d irec tly  on b lood  agar p la te s ; on ly  p u re  E . coli cu ltu res of th e  f irs t  
iso la tion  were u sed  fo r fu r th e r  s tu d y . T h e  iso lates were p u rified  th ree  tim es 
an d  tran sfe rred  to  b ro th  m edium  fo r p ro p a g a tio n ; sam ples from  each b ro th  
cu ltu re  thus o b ta in e d  w ere lyophilised  in  am poules. All experim en ts w ere 
ca rried  ou t w ith  th e  freeze-dried  b a c te r ia . T h e  iso lations w ere p erfo rm ed  in  
th e  period 1969— 72.

The iso lates w ere  exam ined for th e  m ain  b iochem ical an d  biological p ro ­
p e rtie s  as well as fo r  th e  serological (O an d  K ) g roup; th e  resu lts  h av e  been  
described  elsew here (S e m j é n  and  P e s t i , 1973). T he s tra in s  used  in th e  loop 
te s t  were in c u b a te d  fo r  20 hours in n u tr ie n t  b ro th  an d  1 m l of th is  cu ltu re  w as 
in o cu la ted  in to  th e  lig a te d  loop. T he germ  co u n t of th e  b ro th  cu ltu res u su a lly  
ra n g e d  from  1 X 108 to  5 X 10s p er m l.

Preparation o f  the thermostable ( S T )  enterotoxin. T he m eth o d  an d  m edium  
described  by  Sm i t h  a n d  H alls  (1967) w as used . T he s tra in s  w ere c u ltu red  in  a 
sem i-liquid  m ed iu m  co n ta in in g  0 .3%  ag a r (P ro teo se  pep to n e , Difco, 10 g: N aCl, 
5 g; beef e x tra c t (O xo id ), 10 g; glucose, 2 g in  1000 m l d istilled  w a te r  a d ju s te d  
to  p H  7.5) for 24 h o u rs , th e n  the  cu ltu res  w ere f ilte red  th ro u g h  gauze to  rem ove 
th e  agar, cen trifu g ed  a t  10.000 r .p .m . fo r 30 m in u tes  an d  th e  s u p e rn a ta n t, 
co n ta in in g  only few  b a c te r ia l cells, w as h e a te d  in a w a te r  b a th  of 65°C fo r 15 
m in . T he e n te ro to x in  p rep a ra tio n s  th u s  t re a te d  p roved  to  be sterile . T he p re ­
p a ra tio n s  were s to re d  a t  — 20°C w ith o u t ad d itio n  of an tib io tic s . F ifteen  m l ST 
en te ro to x in  was used fo r each loop te s t.

Preparation o f  the thermolabile ( L T )  enterotoxin. T he m eth o d  of G y l e s  
an d  B a r n u m  (1969) w as used w ith th e  d ifference th a t  th e  s tra in s  were cu ltu re d  
on a solid m edium , a try p to se  agar c o n ta in in g  0 .2%  glucose (T ryp tose , O xoid, 
10 g; beef e x tra c t (O xoid), 3 g; NaCl, 5 g; ag a r, 18 g; glucose, 2 g; in  1000 m l 
d istilled  w ate r (p H  7.2) in  R oux flasks fo r 24 h ours a t  37°C. T he cu ltu res w ere 
th e n  w ashed off w ith  d istilled  w ater, u sin g  15 m l for each flask . The b ac te riu m  
suspensions th u s o b ta in e d  were son ica ted  fo r 30 m in u tes  in  an MSE u ltra so n ic  
d is in teg ra to r, a t  1.2 A . P rio r to  son ica tion , th e  E . coli coun ts of th e  suspension  
w ere determ ined  on b lo o d  agar: i t  u su a lly  ran g ed  from  l x l O 10 to  l x l O 11 p e r
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m l. T he son ica ted  suspension  was cen trifu g ed  in  a B ack m an  u itracen tr ifu g e  
(Spinco L2, 65B) fo r 30 m inu tes a t  25,000 r .p .m . an d  th e  su p e rn a ta n t w as 
passed  th ro u g h  a G5 glass (P yrex) f ilte r  to  rem ove  all b a c te ria . The LT p re ­
p a ra tio n s  th u s  sterilized  were sto red  a t  — 20°C w ith o u t a d d itio n  of an tib io tics . 
O f th e  LT to x in  p re p a ra tio n  6 m l w as used  fo r each  loop te s t .

Procedure and  evaluation o f  the loop test. A to ta l  o f 67 w h ite  bacon  pigs, 
8— 12 weeks old, w eighing  on th e  average  10— 15 kg, w ere used. All e x p e ri­
m en ta l anim als w ere p rocured  from  one an d  th e  sam e h e rd  an d  care was ta k e n  
to  use l i t te r  m a tes  fo r each  ex p erim en ta l series, as fa r as possib le. T he loop te s t  
w as a sligh tly  m od ified  version of th e  p ro ced u re  described  by  S mith  an d  
H alls (1967). A fte r  fa s tin g  for 24 hours, th e  an im als w ere an aes th e tized  w ith  a 
com bination  of S tresn il (R  1929) an d  H y p n o d il(7 3 1 5 )(Jan n sen  P h a rm aceu tica); 
th e  fo rm er was a d m in is te red  in tram u scu la rly , in  a dose of 0.05 m ljl  kg  b o d y  
w eight, th e  la t te r  in tra p e rito n e a lly , in a 0.22 ml dose. T he pigs usually  fell 
asleep 3— 5 m in u tes  a fte r  the an aes th e tic  t re a tm e n t an d  rem ain ed  p rac tica lly  
m otionless th ro u g h o u t th e  surgical in te rv e n tio n . T he in te s tin e s  w ere exposed  
th ro u g h  a le ft ab d o m in a l incision an d  th e  duod en u m  w as lig a ted  w ith  silk 
th re a d  a t  d istan ces  o f 12 cm, beg inning  80— 100 cm aw ay  from  th e  p y lo rus. 
T he te s t  m a te ria ls  w ere in troduced  in to  th e  lig a ted  segm ents b y  m eans o f a 
syringe. T he an im als  w ere allowed to  su rv ive  th e  o p era tio n  fo r 24 hours, a f te r  
w hich th e y  w ere k illed  w ith  an  overdose of th e  an a e s th e tic  an d  th e  resu lts  
w ere read . U sually  25— 35 liga ted  segm ents w ere p rep a red  fo r th e  ex am in a tio n  
of b ro th  cu ltu res . T h e  je ju n a l po rtions d is ta l to  th e  35 th  segm ent are  less 
su itab le  for th e  loop te s t , owing to  th e ir  low er sen s itiv ity , an d  only th e  f irs t  15 
segm ents are  su ita b le  for en te ro to x in  ex am in a tio n s . T h u s, these  w ere used  
th ro u g h o u t.

T he lo o p -d ila tin g  effect of the live cu ltu re  of each E . coli s tra in  was te s ted  
on tw o an im als, in  tw o  segm ents localized as d is ta n tly  as possible from  each  
o ther. T hus, fo u r figu res were o b ta in ed  for th e  lo o p -d ila ting  effect of th e  s tra in  
an d  th e  fu r th e r  ca lcu la tions w ere m ade w ith  th e  m ean  derived  from  these  
figures. B ro th  c u ltu re s  were in jec ted  in to  fou r successive segm ents, be tw een  
tw o segm ents le ft u n in o cu la ted ; th e  segm en t a fte r  th e  d is ta l e m p ty  one w as 
in ocu la ted  w ith  th e  b ro th  cu ltu re  of a reference  s tra in  w ith  know n loop- 
d ila ting  a c tiv ity . I f  th e  reference s tra in  fa iled  to  d ila te  th e  loop, or flu id  
ap p eared  in th e  u n in o cu la ted  segm ents, th e  te s t  w as exc luded  from  th e  
ev a lua tion . T he e n te ro to x in  te s ts  w ere s im ila rly  perfo rm ed , excep t th a t  in  
add itio n  to  th e  live reference s tra in  also s ta n d a rd  e n te ro to x in  (ST or LT) p re ­
p a ra tio n s  of m ark ed  loop d ila ting  a c tiv ity  w ere used as con tro l.

T he e v a lu a tio n  of th e  loop te s t  w as in itia lly  based  on th e  d e te rm in a tio n  
of the am o u n t of accu m u la ted  flu id  in m l. T h e  am o u n t o f flu id  usually  ran g ed  
from  20 to  100 m l in  th e  positively  reac tin g  segm ents, w hereas only 0.5— 3 m l 
of a th ick  flu id  w as found  in th e  n eg a tiv e  segm ents.
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As th e  p re p a ra tio n  of equally  long  segm ents w as im possib le  even  w ith  
th e  u tm o s t care, e v a lu a tio n  w as la te r  based  on th e  w eigh t o f flu id  re la te d  to  
1 g in te s tin a l w all (w eigh t/w eigh t ra tio )  and  th e  fig u re  th u s  o b ta in ed  was 
reg a rd ed  as d ila ta tio n  in d ex . T he w e ig h t o f th e  e m p ty  segm en t w all w as sub ­
tr a c te d  from  th e  to ta l  w eigh t of th e  seg m en t and  the  re su lt w as d iv ided  b y  th e  
w eig h t o f the  e m p ty  segm ent. N u m ero u s co m p ara tiv e  s tud ies show ed th a t  
in d e x  values of 1.00 o r h igher sign ify  a positive  reac tio n , w hereas th o se  less 
th a n  1.00 a n eg a tiv e  reac tio n . On th e  basis of th is  fin d in g , all re su lts  w ere 
fu r th e r  on expressed  in  index  va lues.

Oral infection o f  suckling piglets. A 24-hour b ro th  c u ltu re  (30 m l) o r th e  
e n te ro to x in  (30 m l) o f th e  exam ined  s tra in s  was a d m in is te red  to  24— 72-hour 
old p ig le ts by  m eans o f a gastric  tu b e  a n d  th e  young  an im als  w ere p laced  again  
w ith  th e  sow. T hey  w ere observed fo r 5 days, during  w hich  th e  ap p ea ran ce  or 
absence  of d iarrhoea  w as recorded.

R esults

Loop-dilating effect o f live cultures. T h e  exam ined  86 s tra in s  w ere d iv ided  
in to  four groups acco rd in g  to  o rig in . T w en ty -fo u r s tra in s  (group 1) were 
iso la ted  from  1— 10 d ay s old suck ling  p ig le ts  w ith  E . coZZ-diarrhoea. T h irty -  
fo u r s tra in s  (group 2) o rig in a ted  from  w ean ling  3— 12 w eeks old pigs w ith  E . 
coZZ-enterotoxaemia. T h e  m ain  sy m p to m  o f th is disease w as d ia rrh o ea  an d  no 
lesions ind ica tive  o f oedem a disease w ere found  on post m ortem  ex am in a tio n . 
E le v e n  s tra in s (g roup  3) were iso la ted  from  3— 12 w eeks old pigs suffering  
fro m  oedem a disease. T h e  s tra in s  u sed  as contro ls o rig in a ted  from  faecal 
sam ples or sm all in te s tin e  of h e a lth y  sw ine (6 stra in s), from  h e a lth y  pigs k e p t 
in  an  in fected  e n v iro n m e n t (7 s tra in s) a n d  from  th e  sm all in te s tin e  of pigs died 
o f cond itions o th e r th a n  E . coli-in fec tio n  (4 stra in s). All iso lates were exam ined  
b y  th e  loop te s t  (T ab le  I).

Table I

E n te ra l  pa th o g en ic ity  as assessed by  th e  loop te s t  for 86 E . coli s tra in s  iso lated  from  swine 
o f 47 herds in  d iffe ren t p a r ts  of H u n g ary

E .  c o l i  
d iarrh o ea  

o f  suckling 
pigs

24 s tra in s

E .  c o l i  
e n te ro -  

to x a e m ia  
34 s tr a in s

O edem a 
disease 

11 s tra in s

H e a lth y  
an im a ls  

6 s tra in s

H e a lth y  
an im a ls  in  

in fec ted  
en v iro n m en t 

7 s tra in s

D iseases 
o th e r  th a n  

E .  c o l i -  
in fe c tio n  
4 s tra in s

L oop te s t  positive No. 21 32 l l 4 l
s tra in s

In dex*  (w/w ratio)
% (87.5)

4.28
(94.1)

3.26
(9.0)
5.02 2.31 3.49 3.83

No. o f loop tes t 
stra in s

n egative
3 2 10 5 3 3

In d ex *  (w/w ratio) 0.25 0.18 0.36 0.19 0.43 0.30

* In d ex  figures fo r m ore  th a n  one s tra in s  are expressed as a rith m etic  m eans.
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T w en ty -one  (87.5% ) of th e  24 s tra in s  from  suckling p ig lets w ith  E . coli- 
d ia rrh o ea  h ad  a d is tin c t loop -d ila ting  effect and  32 (94.2% ) o f th e  34 s tra in s  
from  post-w ean ing  E . co /i-d iarrhoea b eh av ed  sim ilarly . T en  of th e  11 s tra in s  
from  oedem a disease, w hich does n o t involve d ia rrh o ea l sym p to m s h a d , h o w ­
ev er, no loop-d ila ting  effect. E leven  con tro l s tra in s  w ere lo o p -test n eg a tiv e  
a n d  6 were positive ; 4 o f th e  p o sitive  s tra in s  h a d  been iso la ted  from  h e a lth y  
c o n ta c ts  of pigs w ith  E . coZi-diarrlioea. T hus, the overw helm ing  m a jo rity  
(91 .4% ) of th e  iso lates h ad  a loo p -d ila tin g  effect, show ing th a t  th e  E . coli 
s tra in s  o rig inating  from  d ia rrhoea l diseases of swine in  H u n g a ry  can be reg a rd ed  
as en te ro p a th o g en ic , in  acco rdance  w ith  observa tions m ade ab ro ad . T ab le  1 
also  show s th a t  th e  m ean  d ila ta tio n  index  ranged  from  3.26 to  4.28; th is  m eans 
th e  p resence of an  average  32— 42 g (m l) flu id  in one segm ent. C onsequen tly , 
p o s itiv e  s tra in s  had  ind ex  values above 1.00 in  all four segm ents of tw o an im als  
a n d  th e  four d a ta  from  w hich th e  m ean  w as ca lcu la ted  d id  n o t as a ru le  n o ta b ly  
d e v ia te . T he degree of lo o p -d ila ting  a c tiv ity  differed , o f course, wTith  th e  
v a r io u s  stra in s; indices above 4.00 an d  rang ing  from  1.00 to  4.00 were ro u g h ly  
d is tr ib u te d  h a lf  b y  half. I t  follows t h a t  u n d e r th e  g iven cond itions (using  as 
in o c u lu m  1 m l of a b ro th  cu ltu re  c o n ta in in g  100— 500 m illion germ s/m l), th e  
loop  te s t  is a re liab le  in d ic a to r  o f  e n te ra l p a th o g en ic ity .

S tud ies of th e  an tigen ic  s tru c tu re  of th e  86 iso lates are  re p o rte d  in  d e ta il 
elsewdiere; i t  shou ld  be, nev erth e less , rem ark ed  here  th a t  th e  m a jo rity  o f  th e  
s tra in s  belonged to  th e  serological g roup  0 1 4 7 : K 89, K 88ac, o r to  0 1 4 9 : K 91, 
K 88ac

Serological ty p in g  of th e  iso la tes  n o t possessing a lo o p -d ila tin g  effect 
show ed  th a t  tw o s tra in s  (o rig ina ting  from  E . co /i-d iarrhoea) of th e  0 1 3 9  ty p e  
(P 27 , P88) w ere also iso la ted . T he 0 1 3 9  ty p e  s tra in s  h av e  been kn o w n  as 
ty p ic a l  causal ag en ts  o f oedem a disease b u t, accord ing  to  our ex p e rim en ta l 
re su lts , th e y  m ay  excep tio n a lly  grow  an d  cause d ia rrh o ea  in  suck ling  pigs. 
O n ly  tw o  of th e  iso lates from  pigs w ith  post-w ean ing  d ia rrh o ea  w ere lo o p -te s t 
n e g a tiv e ; these  belonged  to  th e  serogroups 0 2  an d  0 1 0 8 , re spec tive ly . T en  of 
th e  11 iso lates from  oedem a disease failed  to  d ila te  th e  in te s tin a l loop, w hereas 
th e  rem ain in g  one caused  a m ark ed  loop d ila ta tio n . T he 11 s tra in s  w ere fo u n d  
to  belong  to  th e  serogroups know n  to  cause oedem a disease (0 138 , 0 1 3 9 , 0 1 4 1 : 
K 8 5 ab ). T he single lo o p -tes t p o sitive  s tra in  belonged  to  th e  serogroup  0 1 3 8 , 
w hich  is know n to  occur in  d ia rrh o ea l en teric  diseases an d  in  oedem a disease 
as w ell an d  some s tra in s  of i t  h av e  a loo p -d ila tin g  effect. T he fa c t th a t  m o st 
o edem a disease s tra in s  w ere lo o p -te s t n eg a tiv e  clearly  in d ica tes  th a t  th e  en te ro - 
to x in -p ro d u c in g  c a p ac ity  p lay s no role in  th e  pa thogenesis  o f th is  co n d itio n .

A m ong th e  10 s tra in s  o rig in a tin g  from  h e a lth y  sw ine an d  from  sw ine 
w ith  diseases u n re la te d  to  E . coh-infection , only  2 h a d  a lo o p -d ila ting  a c tiv ity . 
I t  ap p ea rs  th a t  en te ro p a th o g en ic  s tra in s  m ay  occasionally  occur in  h e a lth y  
an im als . A m ong th e  7 s tra in s  iso la ted  from  a p p a re n tly  h e a lth y  pigs k e p t  in  an
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in fec ted  env iro n m en t 4 w ere  loop-test p o s itiv e , in d ica tin g  th a t  e n te ro p a th o - 
genic s tra in s  m ay be tra n s fe r re d  from  d iseased  to  clin ically  h e a lth y  an im als.

Testing o f  thermostable ( S T )  and thermolabile (L T )  enterotoxins prepared  
fro m  enteropathogenic E . coli strains. ST a n d  LT  en te ro to x in s , w hich m ay  be 
held  responsib le for th e  lo o p -d ila tin g  effect, h a d  been  p rep ared  from  37 sero­
log ically  iden tified  s tra in s  a n d  exam ined  in  th e  loop te s t . T he b eh av io u r of 
b o th  k in d s of to x in  w as co m p ared  w ith  t h a t  o f th e  live cu ltu re  of th e  to x in - 
p ro duc ing  s tra in . T he re su lts  are shown in T ab le  I I .

Table II

C om parative  studies by  loop te s t  of b ro th  cultures and  th erm ostab le  and  therm olab ile  entero  
to x in s  o f  37 enteropathogenic  E . coli s tra ins

Loop te s t
Loop te s t  w ith  L T  and  ST  e n te ro to x in s

O rig in  o f s tra in s A ntigenic
s tru c tu re

e x a m in e d
s tr a in s

w ith  live cu ltu re
th erm o lab ile  (LT) th e rm o sta b le  (ST)

Effect in d ex  X effect in d ex  X effect in d ex  X

E. coli- 0147 : K 89, 3 + 4.16 3.24 + 4.63
d iarrhoea K88ac 

0149 : K 91, 5 + 3.97 + 5.78 + 5.30
K88ac

0 1 4  : K 88ac 1 6.86 + 3.75 6.50
0139 1 + 2.13 + 10.55 + 10.65

E . coli 0147 : K 89, 9 + 4.16 + 6.79 4.47
entero-
toxaem ia

K88ac 
0149 : K91, 11 3.80 + 6.01 1 4.79

K88ac
0115 1 + 2.99 + 3.09 + 3.90

Oedem a 0138 1 _L 5.02 _ 0.50 1.83
disease 0139 4 — 0.32 — 0.30 — 0.64

0141, K 85ab 1 0.84 — 0.25 — 0.33.

A ll isolates from  d ia rrh o ea l diseases ( E . coZi-diarrhoea, E . coli-en te ro -  
to x aem ia ) were fo u n d  to  p roduce  b o th  th e rm o s ta b le  an d  th e rm o lab ile  e n te ro ­
to x in s , w hereas all iso la te s  from  oedem a d isease ex cep t one, failed to  p ro d u ce  
e ith e r  ST or LT. I t  seem s th ere fo re  v e ry  p ro b ab le  th a t  th e  s tra in s  responsib le  
for d ia rrh o ea  p roduce  b o th  tox ins. The in te rre la tio n sh ip  betw een  ST an d  LT 
p ro d u c tio n  was th e  sam e as observed b y  S m ith  an d  Gy l e s  (1970), viz. ce rta in  
s tra in s  (0138) p ro d u ced  o n ly  ST, b u t no s tra in  w as found  to  produce  LT alone. 
Two s tra in s  o f th e  se ro g ro u p s  0139 and  0 1 1 5 , re spec tive ly , h ad  a v e ry  h igh  LT  
an d  ST producing  c a p a c ity . I t  should be  m en tio n ed  here  th a t  s tra in s  o f th e  
0115  group occur in  d ia rrh o e a l cases too .

F ive  loop-test n e g a tiv e  stra ins from  h e a lth y  swine were exam ined  for ST 
and  LT p ro d u c tio n , w ith  neg a tiv e  resu lts  fo r b o th .
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The g re a t m a jo r ity  of iso lates from  d ia rrh o ea l diseases con ta ined  K 88 
an tigen . Tw o s tra in s  of th is  group h ad  no K 88 an tig en , b u t  th e y  did p ro d u ce  
LT e n te ro to x in . T h u s , in our h ands, K 88 an tig en  p ro d u c tio n  was n o t a lw ays 
associated  to  L T -p rodue ing  cap ac ity .

I t  shou ld  be m en tioned  th a t  fo u r 0 1 3 9  s tra in s  iso la ted  from  oedem a 
disease w ere n e g a tiv e  in all th ree  te s ts , h u t  an  0 1 3 9  s tra in  from  a p ig le t d ied  
of E . coli-d ia rrh o e a  h ad  a m ark ed  lo o p -d ila tin g  effect an d  produced  b o th  ST 
and  LT to x in s .

In fection  experim ents with a live broth culture o f  stra in  0 141: K 8 5 , K 8 8  
and with S T  and  L T  enterotoxins prepared fro m  it. T he  aim  of th is  e x p e rim e n t 
was to  c la rify  w h e th e r  th e  ST an d  LT en te ro to x in s  p rep a red  in vitro can  e lic it 
d iarrhoea  on o ra l ad m in is tra tio n . T he live b ro th  cu ltu re  of th e  orig inal s tr a in  
was sim ilarly  te s te d  fo r com parison  (T able I I I ) .

Table III

T re a tm e n t o f 24—72 hours old suckling pigs w ith  ST and  LT entero toxins 
an d  b ro th  cu ltu re  of th e  E. coli s tra in  (0141  : K 85ab, K88ac)

T re a tm en t
D ose
(ml)

N o. of 
t re a te d  

pigs

N o. o f pigs 
d iseased  in  
d iarrhoea

0141  ST en tero tox in 30 3 3
0141  LT  en tero tox in 30 3 3
014 1  live  b ro th  cu ltu re  (5 X 108 

germ s/m l) 30 6 5
U n tre a te d  anim als (8 piglets) — — 2
M edium  used  for ST p roduction  

(“ b lin d ”  prepara tion ) 30 2 _
N u tr ie n t  b ro th  m edium 30 2

B o th  th e  ST an d  LT ty p e  e n te ro to x in  p re p a ra tio n s  caused a disease in  
th e  e x p e rim e n ta l an im als. B o th  p re p a ra tio n s  h ad  p rev iously  been show n to  
possess a m a rk e d  loop-d ila ting  effect. T h e  co n tro l p re p a ra tio n s  n o t c o n ta in in g  
en te ro to x in , d id  n o t elicit d ia rrh o ea . T he b ro th  cu ltu re  o f th e  to x in -p ro d u c in g  
s tra in  h a d  a s im ila r effect as th e  en te ro to x in s . T he in te rc u rre n t disease o f  th e  
tw o u n tre a te d  c o n tro l pigs w as p re su m ab ly  u n re la te d  to  th e  E . cob -d ia rrhoea, 
because no  h aem o ly tic  E . coli s tra in s  could  be iso la ted  from  th em .

Discussion

T he o verw helm ing  m a jo rity  o f th e  E . coli s tra in s  iso la ted  from  d ia rrh o ea- 
associated  E . coli d iseases of swine in  H u n g a ry  caused d ila ta tio n  of th e  lig a te d  
swine in te s tin a l loop. T hus th e  loop te s t seem s to  be a re liab le  in d ica to r o f  th e  
en te ra l p a th o g e n ic ity  of E . coli s tra in s ; its  re su lts  w ere in  good acco rd an ce

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



234 PESTI and  SEM JÉ N

w ith  th e  ep idem iological observations a n d  w ith  th e  resu lts  of o ral in fec tion  
ex p erim en ts  as w ell.

I t  seem s th a t  th e  en te ro to x in -p ro d u c in g  “ en te ro p a th o g en ic”  s tra in s  p lay  
a decisive role in  p ig le t d ia rrh o ea  an d  in  post-w reaning E . co li-en te ro toxaem ia . 
T h is  applies p a r tic u la r ly  to  p ig let d ia rrh o e a , w hich m ay  develop w ith o u t p re ­
disposing  fac to rs, even  i f  th e  m o th e r sow  is h ea lth y . F ro m  th is  th e  possib ility  
o f  carriersh ip  has been  im plied  an d  lo o p -d ila tin g  E . coli s tra in s  h av e  in  fac t 
b een  d em o n stra ted  in  h e a lth y  swine a n d  th e ir  en v iro n m en t b y  S o j k a  (1971) 
a n d  o thers, in c lud ing  ourselves.

T he lo o p -d ila tin g  effect can be a t t r ib u te d  to  th e  en te ro to x in s . W e con­
s is te n tly  failed to  o b ta in  ST or LT e n te ro to x in  p rep ara tio n s  from  s tra in s  n o t 
causing  loop d ila ta tio n . B u t unlike T r u s z c z y n s k i  an d  P i l a s z e k  (1969), we 
w ere able to  p rep a re  lo o p -d ila ting  e n te ro to x in s  in v itro  from  all s tra in s  th a t  
b eh av ed  positiv e ly  in  th e  loop te s t.

All iso lates from  E . coli-d ia rrhoea  a n d  E . coZi-enterotoxaem ia p ro d u ced  
b o th  ty p es (ST an d  LT) of en te ro to x in . T h is is in  good accordance  w ith  th e  
o b se rv a tio n  of G y l e s  a n d  B a h n u m  (1969) th a t  th e  overw helm ing  m a jo rity  of 
th e  en te ro p a th o g en ic  E . coli s tra in s p ro d u c e  b o th  ST an d  LT en te ro to x in s .

N o iso lates from  oedem a disease ex c e p t a single s tra in  d id  p ro d u ce  a 
lo o p -d ila ting  e n te ro to x in , th u s , p ro b a b ly  o th e r  no t y e t id en tified  fac to rs  p lay  
th e  decisive role in  th e  pathogenesis o f o edem a disease.

L ittle  is know n  o f th e  m echanism  of ST and  LT p ro d u c tio n . T he ST p re ­
p a ra tio n s  w ere n o t a ffec ted  by  t re a tm e n t a t  100°C b u t 121°C ren d ered  th em  
in ac tiv e . T he LT p re p a ra tio n s , how ever, lost loop -d ila ting  a c tiv ity  a f te r  
t r e a tm e n t  a t  65°C; th is  suggests th a t  L T -en te ro to x in s  are  of p ro te in  n a tu re . 
A ccord ing  to  G y l e s  (1971), th e  L T -e n te ro to x in  is a la rge-m olecu lar su b stan ce , 
consisting  a t  le a s t in p a r t  of p ro te in , it  c a n n o t pass th ro u g h  th e  G 200 S ep h ad ex  
co lum n. The m o lecu lar w eigh t of th e  ST en te ro to x in  is p resu m ab ly  m uch low er.

T he precise m echan ism  of th e  E . coli-disease is s till fa r  from  being  clear. 
V ery  p ro b ab ly  th e  en te ro to x in s  are resp o n sib le  for th e  onset of d ia rrh o ea , as 
w as u n equ ivoca lly  show7n  b y  loop te s ts  a n d  oral in fection  ex p erim en ts . B u t no 
lig a ted  in te s tin a l loops ex ist u n d er n a tu ra l  conditions. T hus th e  e n te ro p a th o ­
genic E . coli-b a c te r ia  h av e  to  m u ltip ly  enorm ously  in th e  sm all in te s tin e  to  
becom e capable  of p ro d u c in g  en te ro to x in  a n d  to  obv ia te  th e  effects of p eris ta ls is . 
A t th e  onset o f th e  d isease, th e  peris ta ls is  o f  th e  sm all in te s tin e  slows dow n for 
u n k n o w n  reasons, re su ltin g  in ex trem e m u ltip lica tio n  of th e  b a c te ria  a n d  m ass 
p ro d u c tio n  of e n te ro to x in .

I t  has been kn o w n  since th e  fu n d a m e n ta l in v estiga tions o f D u b o s  e t  al. 
(1965) an d  Sa v a g e  e t a l. (1968) th a t  in  th e  stom ach  an d  large in te s tin e  of 
ro d e n ts  a lay e r co n sisting  chiefly  of b a c te r ia , above all anaerobes ( B . fu s ifo r-  
m is ) ,  develops in  close association  w ith  th e  m ucosa. A ltho u g h  no  sim ilar 
f in d in g  has as y e t  b een  rep o rted  in  sw ine, m en tion  should  be m ade o f A r -
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b u c k l e ’s (1971) observation  th a t  th e  en te ro p a th o g en ic  swine E . co /i-stra in s 
ad h ere  to , o r e n te r  in to , th e  m ucopo lysaccharide  la y e r  covering th e  m ucosa. 
S t a l e y  (1969) observed  a sim ilar phenom enon . A ccord ing  to  th e  m icro b ia l 
genetic  ex am in a tio n s  of Sm it h  an d  L in g g o o d  (1971), th e  an tig en  K 88 m ay  
p la y  a role in  th e  phenom enon . A lth o u g h  all ex cep t tw o  of our e n te ro p a th o ­
genic iso la tes possessed an tigen  K 88, th e  precise ro le of th is  an tig en  is s till fa r  
from  b e ing  clear. I t  seem s ce rta in , t h a t  th e  en te ro to x in -p ro d u c in g  c a p a c ity  is 
n o t  closely re la te d  w ith  th e  presence o f K 88 (S m it h  an d  G y l e s , 1970), b u t  th e  
e n te ro to x in  is ind ispensab le  for th e  onset of th e  sy m p to m s. T he p a th o g e n ic ity  
of th e  E . coli s tra in s  is c learly  u n re la te d  w ith  th e ir  haem o ly tic  a c tiv ity  (S m it h  
an d  L i n g g o o d , 1971), w hence th e  reaso n  w hy  th e  g rea t m a jo rity  of th e  e n te ro ­
p a th o g en ic  E . coli s tra in s  p ro d u ce  haem olysis, rem ain s to  be c la rified . I t  
should he m en tio n ed  th a t  ou r iso la tes from  E . eo /i-d iarrhoea, E . coli-e,n te ro - 
to x aem ia  a n d  oedem a disease all show ed a h aem o ly tic  a c tiv ity .

T h e  fin e  m echanism  of th e  d ia rrh o ea-in d u cin g  c a p ac ity  of e n te ro to x in  is 
also u n c lea r . A l -A w q u a t i  e t al. (1972) ad v an ced  th e  th e o ry  th a t  E . coli- 
e n te ro to x in s  a c t like V. c/ioZerae-enterotoxins v ia  th e  stim u la tio n  o f ad en y l- 
cyclase enzym e p ro d u c tio n  re su ltin g  in  an  accu m u la tio n  of cyclic adenosine- 
3 ,5 -m o n o p h o sp h a te  (cAM P) in  th e  m ucosal cells, an d  th is  upsets th e  m echan ism  
of m ucosa l cell tra n sp o r t . A n o th e r  p o ssib ility  to  be considered is t h a t  th e  
e n te ro to x in  m ay  affect th e  p e rm e a b ility  of th e  cap illa ry  vessel sy stem s in  th e  
m ucosal, subm ucosal an d  m esen teric  areas. A t all ev en ts , th e  accu m u la tio n  of 
la rge  a m o u n ts  of flu id  in  th e  in te s tin a l segm ents suggests a severe d iso rd e r of 
th e  t r a n s p o r t  m echanism .

T h e  fa c t th a t  th e  en te ro p a th o g en ic  E . coli s tra in s  p roduce  e n te ro to x in (s) 
is a c ircu m stan ce  to  be considered in th e  e s tab lish m en t of contro l m easu res. 
O b se rv a tio n s along th is  line will be re p o rte d  elsew here.

I t  w as described  earlie r (S e m j é n  an d  P e s t i , 1971) th a t  n e ith e r  th e  
e x tra c e llu la r  S T -en te ro tox in , nor th e  in trace llu la r  L T -en te ro to x in  is id en tica l 
w ith  th e  E . eo /i-endotoxin . A u th o rs  genera lly  agree on th is  po in t.

A ccord ing  to  recen t o b se rv a tio n s, th e  s tra in s  iso la ted  from  e n te r ic  E . 
coli-diseases o f calves, lam bs an d  h u m a n  in fan ts  a re  also capable  of e n te ro to x in  
p ro d u c tio n . T h is an d  th e  resu lts  re p o rte d  in  th is  p a p e r  th ro w  an e n tire ly  new  
lig h t on th e  p revailing  concep t of en te ric  E . coli-diseases. Now i t  seem s fa irly  
c e r ta in  th a t  en te ro to x in s  r a th e r  th a n  end o to x in  p lay  a role in th e  d ia rrh o ea- 
asso c ia ted  form s of these  cond itions. As fa r as we a re  in form ed, d ia rrh o ea  has 
n ev e r been  p roduced  by  orally  ad m in is te red  E . coli endo tox in .

SU M M A RY

O u t of 58 E. coli s tra in s  iso la ted  from  pigs diseased  in  E . eo/i-d iarrhoea or E . coli- 
*m tero toxaem ia , 91.4%  caused  d ila ta t io n  of th e  lig a ted  sw ine in te s tin a l loop. T h u s, th e  loop 
te s t  is su itab le  fo r th e  d em o n s tra tio n  o f th e  e n te ra l p a th o g e n ic ity  of E . coli iso la tes; th e
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loop  te s t  re su lts  were in  good accordance  w ith  th e  epidem iological o b se rv a tio n s and  w ith  th e  
re su lts  of oral in fec tion  ex p erim en ts  as well. A n e x trace llu la r  th e rm o sta b le  (ST) an d  an  
in tra c e llu la r  th erm o lab ile  (LT) e n te ro to x in  could  be  p rep ared  by  an  in  vitro m eth o d  from  
all iso la tes from  b o th  ty p es  o f d ia rrh o ea l disease. All excep t one of th e  11 s tra in s  iso lated  
fro m  oedem a disease failed  to  d ila te  th e  lig a ted  sw ine in te s tin a l loop an d  p ro d u ced  n e ith e r 
ST n o r LT en te ro to x in .

C erta in  hy p o th eses on th e  p a th o m ech an ism  o f d iarrh o ea  are  discussed.

A C K N O W L E D G E M E N T S
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COMPARATIVE STUDIES 
ON COMPLEMENT PRESERVATION

B y

G. N a g y  a n d  D. F o d o r

P h y la x ia  C om pany for Vaccines an d  N u tr im e n ts  (D irector: J .  Mo ln á r ), B u d a p es t 

(R eceived  S e p tem b e r 12, 1972)

T h e p rese rv a tio n  of com p lem en t for th e  co m p lem en t-fix a tio n  (CF) te s t 
h as  long been a problem  of sero logists. A v a r ie ty  of m ethods have  been  p ro ­
posed  for th is  purpose.

F lo sdo rf  (1949) recom m ended sod ium  a c e ta te  and  boric acid  as p reserv in g  agen ts 
a n d  com bined  th em  w ith  NaCl for use as a stab ilize r fo r freeze-drying. Sh e r w o o d  (1951) 
d esc rib ed  as safe m easures of p re se rv a tio n  s to rag e  a t  -f-4 to + 9 °C  for 24 h r, deep  freezing  for 
3- 4 d ays, and  d ilu tio n  in an  equal vo lum e of aqu eo u s so lu tion  of sodium  a c e ta te  an d  boric 
acid  fo r long sto rage  in  dry ice. Orlov  (1954) gave several m ethods in  his te x tb o o k , based  
on th e  use of (1) boric  acid p lus sodium  su lp h a te , (2) boric  acid, sodium  su lp h a te  p lus sodium  
a c e ta te , (3) boric  acid and  lith iu m  a ce ta te , (4) b o ric  acid and  NaCl, (5) NaCl a lone , (6) m agne­
sium  su lp h a te  p lus boric acid, (7) boric  acid  p lus sodium  ace ta te , (8) boric  acid  p lu s sodium  
c itra te , each  of w hich  is to  be added  to  th e  g u inea-p ig  serum  a t v a riab le  levels a n d  p ro p o rtio n s . 
O rlov  also described com plem en t s ta b iliz a tio n  by  freeze-drying in  m ag n esiu m  su lp h a te  
so lu tio n . A ccording to  Ca r pe n t e r  (1956), th e  com plem en t a c tiv ity  was re ta in e d  in a lyo- 
p h ilised  or frozen s ta te  for a long tim e  an d  a t  — 15°C for several m o n th s . H a llm a nn  (1955) 
desc rib ed , a p a r t  from  storage in d ry  ice a n d  freeze-d ry ing , a wide range  of stab ilize rs , in c lu d ­
ing  (1) v arious com binations of boric  acid  a n d  NaCl, m ix tu res  o f (2) sod ium  a c e ta te  and 
b o ric  acid, an d  (3) sodium  ace ta te  in  saline, ad d ed  to  th e  guinea-pig serum  a t  ap p ro p ria te  
co n ce n tra tio n s . T he p re p ara tio n  of choice fo r m ass dem ands is, n ev erth e less , th e  freeze- 
d ried  com plem en t. In  H u n g a ry  th e  use o f ly o ph ilised  com plem ent co n ta in in g  no stab ilizer 
w as ap p ro v ed  in  1958. H ow ever, th is  p re p a ra tio n  lo st m uch  of its a c tiv ity  d u rin g  lyophiliza- 
t io n  a n d  sto rage. A ttem p ts  have  th ere fo re  been  m ade  to  im prove th e  a c t iv ity  of th e  p re ­
p a ra tio n .

T he experim en ts  perform ed in th is  la b o ra to ry  were based on  th e  w ork ing  h y po thesis 
t h a t  th e  ac tiv a tio n  of com plem ent req u ire s  Ca + + a n d  M g++ (Alfö ld y  e t al., 1967). A ccord­
ing  to  Me l n ic k  e t al. (1968) and Ma y e r  e t al. (1954), Ca + + ions are req u ired  in th e  f irs t 
p h a se , w hereas Mg + + ions in  th e  second p h ase  of th e  CF reac tion . T he Ca + + ions ac tiv a te  
c e r ta in  enzym es an d  stab ilize  th e  colloid sy s tem , while th e  M g++ ions a c tiv a te  th e  p h o sp h a ­
ta se  in  th e  course of haem olysis (M orros Sa r d a , 1968).

In  th e  p resen t stud ies, m agnesium  su lp h a te  and  calcium  ch lo ride  as well 
as th e ir  m ix tu re  w ere te s ted  a t  th e  u su a l con cen tra tio n s for effect on th e  t itre  
o f freeze-dried  com plem ent.

Materials and methods

Com plem ent. F resh  guinea-pig  serum  w as sto red  (1) w ith o u t s tab iliz e r; (2) 
w ith  0.5 g MgSO j and  2.5 g sucrose in 100 m l; (3) w ith  0.5 g C aC l2 an d  2.5 g 
sucrose in 100 m l; (4 )  w ith  a s tab iliz e r p re p a ra tio n  ( S í k o s , 1970) acco rd ing  to
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in s tru c tio n s  by  th e  p ro d u c e r  (H U M A N , B u d a p e s t) ; (5) w ith  0.25 g C aC l2,
0.25 g MgSO.j and  2.5 g sucrose in 100 ml.

F ro m  each te s t  m a te r ia l, 1.1 m l am o u n ts  w ere d is tr ib u te d  in am poules 
w ith  a Cornw all p ip e t te  to  form  in th e  am poules a la y e r  ab o u t 1 cm in th ic k ­
ness. A fte r freezing a t  — 30°C for 60 m in, ly o p h iliz a tio n  w as con d u cted  for 
a b o u t 24 h r, th en  th e  am p o u les  were filled w ith  s te rile  filte red  a ir an d  sealed 
w ith  an  oxygen e q u ip m e n t. All p rep ara tio n s  w ere, o f  course, T esla-negative. 
T he freeze-dried  p re p a ra tio n s  conta in ing  a c tiv e  co m p lem en t were pale p in k , 
th e  in ac tiv e  ones w ere w h ite . T he residual m o is tu re  w as 1.9 and  2.3 as de­
te rm in e d  according to  F lo sd o rf  and  F ischer, re sp ec tiv e ly .

T h e  various co m p lem en t p rep ara tio n s  w ere t i t r a te d  w ith  our u su a l 
m e th o d , using th e  fo llow ing  d ilu tions: 4, 3.6, 2.8, 2.4, 2, 1.6, 0.8 and  0 .4 % . 
T he F A O / W H O  in s tru c tio n s  ( A l t o n  and  J o n e s , 1967) for com plem ent t i t ­
ra tio n  w ere observed  th ro u g h o u t. The degree o f haem olysis  w as scored b y  one, 
tw o , th re e  and  fo u r crosses.

W ith  each t i t r a t io n  series, fresh gu inea-p ig  serum  w as set up as co n tro l, 
u sing  th e  d ilu tions specified  above.

1 : 20 ,000-d ilu ted  h aem olysin  and  a 2 %  suspension  of th ree  tim es 
w ashed  sheep e ry th ro c y te s  w ere used in  all te s ts .

Results

T he effect of th e  d iffe ren t stab ilizers w as o f  v a ria b le  degree (T able I ) . 
T he m ix tu re  of M g S 0 4 a n d  CaCl2 p roved  to  be th e  m ost efficient an d  th e  
s tab ilize r p re p a ra tio n  o f  th e  H U M A N  I n s t i tu te  w as p ra c tic a lly  eq u iv a len t.

Table I

T im e a n d  tem p e ra tu re  
o f  s to rag e

M gS O , 5 g 
su cro se

CaClj 5 g 
sucrose

“ H U M A N ”
s tab ilize r

M g S 0 4 2.5 g 
C aC l, 2.5 g 

sucrose 25 g
W ith o u t s tab ilize r

H ig h e s t d i lu t io n  p e r  cen t p roducing  fu ll h aem olysis

l day 25°C 2.0 2.0 2.0 1.6 2.4

2 weeks 37°C 2.4 2.4 2.4 2.0 2.4

2 weeks 25°C 2.0 2.4 2.0 2.0 2.4

2 w eeks 4°C 2.0 2.4 2.0 1.6 2.4

1 m o n th 4°C 2.0 2.4 2.0 1.6 2.4
2 m o n th s 4°C 2.4 2.4 2.0 1.6 2.8

6 m o n th s 4°C 2.8 2.8 2.4 2.0 4.0

и m onths 4°C 2.8 4.0 2.4 2.4 not m easurable*

1 y ear 4°C 3.2 4.0 2.8 2.4 no t m easurable*

* E xp lanation : “ N o t m easu rab le”  m eans > 4 .0 % . In  our opinion com plem ent pre- 
para tio n s for routine  use m u s t n o t exceed a t itre  of 3%  even a fte r  one year.
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M g S 0 4 an d  CaCl2 w ere  less effective w hen  ap p lied  in  th em selv es . The com ­
p le m e n t p rep a ra tio n  freeze-d ried  w ith o u t s tab iliz e r  lo s t h a lf  o f its  a c tiv ity  in  
6 m o n th s .

T en  batches of co m p lem en t su b seq u en tly  p re p a re d  w ith  th e  M g S 0 4 -f- 
C aC l, m ix tu re  for ro u tin e  purposes w ere s till ac tiv e  in  1.6— 2.4%  d ilu tions 
a f te r  observa tion  p e rio d s  from  6 m o n th s  to  one y ea r. T he M g S 0 4 +  C aC l2 
s tab iliz e r  was th ere fo re  accep ted  as a p re se rv a tiv e  in  in d u stria l-sca le  p ro d u c tio n  
of freeze-d ried  co m p lem en t.

A C K N O W L E D G E M E N T

T he au tho rs are in d e b te d  to  dr. G. Sza k m á ry , H e ad  of D e p a rtm e n t, for va luab le , 
in s tru c tio n s  in  freeze-drying.

SU M M A RY

T h e  effect of v a rio u s  s tab ilize rs on  th e  a c tiv ity  o f freeze-d ried  co m plem en t was te s te d  
by  co m p ariso n  w ith  a ly o p h ilised  p re p a ra tio n  c o n ta in in g  no s tab ilizer. T he M g S 0 4 -f- СаС1г 
s tab ilize r  h a d  th e  g re a te s t p re se rv in g  effect; th e  co m p lem en t s to red  w ith  i t  was still ac tive  
in  a 2 .4 %  d ilu tion  a f te r  s to ra g e  for one y ea r. T en  b a tc h es  of freeze-d ried  com plem ent su b ­
seq u e n tly  p repared  w ith  M g S 0 4 -f- CaCl2 fo r ro u tin e  p u rp o ses p ro v ed  to  be  sim ilarly  ac tiv e  
in  due course.
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MINERAL CONTENTS OF THE HORN 
OF THE FOOT OF SWINE 

OF DIFFERENT RREEDS AND AGES
By

A. B. K o v á c s  and M. S z i l á g y i

Clinic of Surgery  (H ead : P ro f. A. B. K ovács), U n iv e rs ity  o f V e te rin a ry  Science, B u d a p es t

(R eceived S ep tem b er 23, 1972)

In  an ea rlie r s tu d y  (A. B. K ovács and  M. Sz il á g y i, 1973) severa l m ineral co m p o n en ts  
(Ca, P , Mg, N a, F e , Zn, Cu) of th e  h o rn y  p a r t  o f th e  foo t of c a ttle , sheep and  sw ine w ere 
de te rm in ed  q u a n ti ta t iv e ly  and com pared.

This p a p e r  is a rep o rt o f m ore d e ta iled  s tud ies on sw ine along th e  sam e 
line. T he nails o f a d u lt Cornwall an d  K A H Y B  swine w ere analysed  fo r th e  
co n cen tra tio n s  o f  th e  above e lem ents in  th e  w all, sole a n d  frog  regions and 
sim ilar m easu rem en ts  w ere carried  o u t  on  nail specim ens from  C ornw all, 
D uroc an d  H erceg h a lo m -h y b rid  p ig le ts.

The d iffe re n tia tio n  of an a to m ica l reg ions, inc lud ing  yo u n g er (wall) and 
older p a rts  (sole) w as im p o rta n t n o t on ly  fo r com parison , b u t  also in a c lin ical 
respec t. I t  is k n o w n  th a t  th e  toe  of th e  w all p lays an  im p o r ta n t ro le in  th e  
developm ent o f  th e  en tire  h o rn y  casing  a n d  th e  sole is responsib le  fo r th e  
s tre n g th  an d  re s is tan ce  of th e  w hole h o rn y  s tru c tu re , c a rry in g  besides in  a 
ce rta in  sense also th e  w eight of th e  body .

Materials and methods

These w ere th e  sam e as described  in  th e  p rev ious pu b lica tio n  o f th is  
series (B. K o v á c s  an d  S z i l á g y i , 1973).

Specim ens o f  na il w ere o b ta in ed  from  30 C ornw all an d  31 K A H Y B  
sw ine, and  from  a to ta l  of 106 p ig le ts  (31 C ornw all, 23 D uroc  an d  52 H eieeg- 
h a lo m -h y b rid ). T h e  a d u lt an im als w ere g iven  th e  u su a l fa t te n e r  d iet, th e  p ig le ts  
a com m on rea rin g  feed form ula.

T he c o n cen tra tio n s  o f th e  e lem en ts w ere expressed  as /rg/g d ry  m a te r ia l 
(ppm ). M ean v a lu e s  (M) an d  s ta n d a rd  e rro r  o f th e  m ean  (S.E .M .) w ere ca l­
cu la ted  for each  series. T he c o n c e n tra tio n  d ifferences be tw een  an a to m ica l 
regions w ere a n a ly se d  b y  S tu d e n t’s t - te s t .

T he re su lts  a re  sum m arized  in  fiv e  T ab les.
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Table I

Ca, P , Mg, N a, Fe, Z n and  Cu concen tra tions (ppm ) in  d ifferen t an ato m ical regions 
of the  h o rn y  p a r t  o f th e  foot o f a d u lt Cornwall and K A H Y B  swine

WALL (TOE) SOLE FROG

Elemente Breed
-

M ±  S.E.M.
ppm

n M ±  S.E.M.
ppm

n M ±  S.E.M.
ppm

Ca
Cornwall 2 6 9 8 1 ± 4 2 2 7 1 1 4 1 ± 3 4 2 7 6 6 8 ± 2 3

KA HYB 2 7 7 7 5 ± 3 5 31 8 2 1 ± 2 6 27 8 4 2 ± 4 6

p
Cornwall 2 4 1 1 9 6 ± 3 2 2 7 1 0 0 2 ± 3 2 26 1 3 3 5 +  4 6

KAHYB 2 6 1 1 8 5 ± 4 0 2 6 1 0 9 0 ± 3 9 2 7 1 4 4 8 ± 3 1

Mg
Cornwall 2 6 2 1 7 ± 1 4 3 0 2 3 4 ± 1 3 2 3 4 9 1 ± 2 9

KA HYB 2 7 2 0 4 ± 1 5 31 2 1 9 ±  9 2 7 2 9 2 ± 1 3

N a
Cornwall 21 3 8 1 ± 1 4 3 0 3 0 9 ± 1 0 25 7 4 5 ± 4 6

KA HYB 2 2 3 1 4 ± 1 5 2 6 3 6 1 ± 1 3 19 6 4 0 ± 3 9

F e
Cornwall 22 1 2 5 ± 1 2 . 7 2 9 61 ±  5 . 3 2 4 71 ±  5 . 6

KA HYB 26 1 1 6 ± 1 1 . 7 31 1 2 3 ± 1 2 . 6 2 6 1 2 7 ± 1 3 . 1

Zn
Cornwall 2 4 1 6 2 ±  5 . 4 2 6 92 ±  2 . 2 2 7 3 3 ±  1.0

KA HYB 2 5 1 4 7 ±  4 . 3 31 1 1 6 ±  2 . 9 2 4 2 9 ±  1 . 2

Cu
Cornwall 26 9 . 5 +  0 . 4 3 0 5.1

CA©+1 25 4 . 1 ±  0 . 4

KA HYB 27 1 2 . 7 +  1.1 2 9 9 . 3 ±  0 . 6 27 7 . 5 ±  0 . 7

R esults and  conclusions

As can be seen fro m  T ab le  I , th e  m in e ra l m a tte r  com position  of th e  nail 
w as d iffe ren t in  th e  C ornw all an d  K A H Y B  breeds. T he fo rm er have  lig h t- 
co lou red  nails, th e  la t t e r  h av e  p ig m en ted , d a rk  ones. In  acco rdance  w ith  th e  
o b se rv a tio n s  o f Z a c h e r l  an d  W e i s e r  (1963) an d  A n k e  (1965) on w h ite  an d  
p ig m e n te d  bovine h a ir , th e  p ig m en ted  h o rn y  m a tte r  w as fo u n d  to  co n ta in  
m o re  calcium  an d  m agnesium  th a n  th e  colourless one. T h e  copper c o n te n ts  
d iffe red  to  a lesser degree, being  only s lig h tly  h igher in th e  K A H Y B  breed . T he 
p ro p o rtio n s  of zinc an d  iron changed  w ith  th e  an a to m ica l region in b o th  
b reed s , th e  zinc c o n te n t be ing  th e  h ig h er in  th e  toe p a r t  o f th e  w all.

T ab le  I  also show s th a t  th e  d is tr ib u tio n  o f th e  exam ined  elem ents in  th e  
d iffe re n t p a rts  of th e  n a il is non-un ifo rm . T h e  frog co n ta in s  m uch  m ore p h o s­
p h o ru s , sodium  an d  m agnesium , h u t  m uch  less copper an d  zinc th a n  th e  toe  
a n d  sole. A fu r th e r  d ifference w as o b serv ed  b e tw een  th e  earlie r-fo rm ed  (older) 
so la r  region and  th e  la te r-fo rm ed  (younger) toe  p a r t ,  th e  la t te r  c o n ta in in g  
considerab ly  m ore zinc a n d  copper th a n  th e  fo rm er in  b o th  b reeds.
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T ab le  II

Com parison o f th e  concen tra tions o f certain  e lem ents in  th e  w alln  (toe) 
and  sole of th e  h o rn y  p a r t  of th e  fo o t of ad u lt C ornw all an d  K A H Y B  swine

W ALL (TOE) SOLE

Element« Breed
n M ± S.E.M .

ppm
n M ± S.E.M.

ppm

t P

Ca
Cornwall 26 981 ± 4 2 27 1141 ± 3 4 2.95 < 0 .0 1

K A H Y B 27 775 ± 3 5 31 821 ± 2 6 — n. s.*

Cornwall 24 1196 ± 3 2 27 1002 ± 3 2 4.24 < 0 .0 0 1

K A H Y B 26 1185 ± 4 0 26 1090 ± 3 9 2.12 < 0 .0 5

Cornwall 26 217 +  14 30 234 + 1 3 n. s.
M g

K A H Y B 27 204 ± 1 5 31 219 ±  9 — n .  S.

Na
Cornwall 21 381 ± 1 4 30 309 ± 1 0 4.24 < 0.001

K A H Y B 22 314 ± 1 5 26 361 ± 1 3 2.41 < 0 .0 5

Fe
Cornwall 22 125 ± 1 2 .7 29 61 ±  5.3 5.09 < 0 .001

K A H Y B 26 116 ± 1 1 .7 31 123 ± 1 2 .6 — n .  S.

Zn
Cornwall 24 162 ±  5.4 26 92 ±  2.2 12.24 < 0 .001

K A HYB 25 147 ±  4.3 31 116 ±  2.9 6.24 < 0 .001

Cu
Cornwall 26 9 .5 +  0.4 30 5 .1 ±  0.2 8.98 < 0 .001

K A H Y B 27 1 2 .7 +  1.1 29 9 .3 ±  0.6 2.84 < 0 . 0 1

* N ot significant.

T he resu lts  o f a m a th e m a tic a l-s ta tis tic a l an a ly sis  o f differences betw een  
th e  m inera l m a tte r  com position  of a n a to m ica l reg ions a re  show n in  Tables I I ,  
I I I  an d  IY . V ariance w as g rea te r in  th e  Cornw all th a n  in  th e  K A H Y B  breed .

T he h ighest p h o sp h o ru s co n c e n tra tio n  w as fo u n d  in  th e  frog, w hich is 
th e  so ftest p a r t  an d  i t  w as th e  lo w est in  the  toe , w h ich  is th e  h a rd es t. The 
significance of th is  co n cen tra tio n  d ifference was P  <± 0 .001, P  <[ 0.05.

In  b o th  breeds, th e  frog c o n ta in e d  m uch m ore m agnesium  an d  sodium  
th a n  th e  sole and  to e  (P  0.001); th e  la t te r  tw o reg ions h a d  a lm o st iden tica l 
sodium  co n ten ts . C alcium  c o n c e n tra tio n , how ever, d iffe red  g rea tly  betw een  
th e  b reeds, being n ea rly  un ifo rm ly  d is tr ib u te d  in th e  th re e  an a to m ica l regions 
of th e  nail o f K A H Y B , b u t show ing sign ifican t c o n c e n tra tio n  differences in 
Cornw all (P  <  0.01, P  <± 0.001), in  w h ich  th e  sole c o n ta in e d  th e  m ax im um  
am o u n t an d  the  so fte r frog th e  m in im u m .

S im ila r  v a r ia t io n s  o f  m in e ra l m a t t e r  co m p o s itio n  w e re  r e p o r te d  b y  K e r k

(1970) fo r  c a t t le  n a il, b y  W e is e r  e t  a l . (1965) fo r  h o rs e  h o o f  a n d  b y  A n k e  
(1965) fo r  b o v in e  h a i r .
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Table III

Comparison of th e  co n cen tra tio n s of certa in  elem ents in  th e  w all (toe) 
and  frog of the  h o rn y  p a r t  o f th e  foo t of ad u lt Cornwall an d  K A H Y B  swine

E le m e n ts Breed

W A L L  (T O E ) F R O G

t P
n M ±  S.E .M .

pp m
n M ±  S .E .M .

ppm

Cornwall 26 981 +  42 27 6 6 8 +  23 6.60 < 0.001
Ca

KAHYB 27 775 +  35 27 843 ~b 46 — n. s .*

Cornwall 24 1196 +  32 26 1335 +  46 2.44 < 0 .05
p

KAHYB 26 1185 +  40 27 1448 +  31 5.19 < 0.001

Cornwall 26 217 +  14 23 491 +  29 8.73 < 0.001
Mg

KAHYB 27 204 +  15 27 292 +  13 4.38 < 0.001

Cornwall 21 381 +  14 25 745 +  46 6.94 < 0.001
N a

KAHYB 2 2 314 +  15 19 640 +  39 8.60 < 0.001

Cornwall 2 2 125 +  12.7 24 71 +  5.6 4.00 < 0.001
Fe

KAHYB 26 116 +  11.7 26 127 +  13.1 n. s.

Cornwall 24 162 +  5.4 27 33 +  1.0 24,60 < 0.001
KAHYB 25 147 +  4.3 24 29 +  1.2 26.07 <0.001

Cornwall 26 9 .5 +  0.4 25 4.1 +  0.4 8.97 < 0.001
C u

KAHYB 27 1 2 .7 +  1.1 27 7.5 +  0.7 4.13 <0.001

* N ot significant.

Zinc and copper c o n te n ts  were m uch h igher in  th e  to e  (younger p a rt)  
th a n  in  th e  solar reg ion . K e r k  (1970) observed  th e  sam e in  c a ttle . Z a c h e r l  

a n d  W e i s e r  (1963) a n d  A n k e  (1965) rep o rted  a sim ilar d is tr ib u tio n  of zinc in 
b o v in e  hair, b u t A n k e  d e te rm in ed  n ea rly  id en tica l co p p er c o n ten ts  in  its  
p ro x im a l and d ista l p a r ts .  A ccord ing  to  W e i s e r  e t al. (1965), zinc and  copper 
do n o t  n o tab ly  v a ry  w ith  th e  an a to m ic a l regions of th e  h o rse ’s hoof.

As to  calcium  a n d  p h o sp h o ru s , it  is know n th a t  th e  la t te r  p redom inates 
in  th e  soft tissues o f th e  b o d y , w hereas th e  fo rm er in  th e  bones ( P o w e l l e i t , 

1966). The horny  w all co n ta in s  n e a rly  id en tica l a m o u n ts  (1 : 1) of these 
e lem en ts , w hereas th e  so fte r  frog  co n ta in s a lm ost tw ice as m u ch  phosphorus 
as calcium .

A ccording to  p ra c tic a l o b se rv a tio n s, th e  nail of K A H Y B  swine is less 
re s is ta n t  th a n  th a t  of C ornw all sw ine. T he ex p erim en ta l o b se rv a tio n  th a t  in 
th e  fo rm er breed, th e  ca lc iu m /p h o sp h o ru s q u o tien t is low er th a n  one even for 
th e  to e  region, w eighs in  fa v o u r o f th is  opinion. T he C a/P  ra t io  m ay , am ong 
o th e r  fac to rs, in fluence th e  s tre n g th  o f th e  nail. F u r th e r  ex p erim en ts  are in 
p ro g ress  to  su b s ta n tia te  th is  assu m p tio n .
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Table IV

C om parison of th e  concen tra tions of certa in  elem ents in th e  sole 
and frog of th e  horny  p a r t  o f th e  foot of ad u lt Cornwall and K A H Y B  swine

SO L E F R O G

Elem ent* B reed
n M ±  S .E .M .

ppm
n M ±  S .E .M .

pp m

t P

Ca
Cornwall 2 7 1 1 4 1 ± 3 4 2 7 6 6 8 ± 2 3 1 1 . 4 2 < 0 . 0 0 1

KAHYB 3 1 8 2 1 ± 2 6 2 7 8 4 3 +  4 6 — n. s.*

p
Cornwall 2 7 1 0 0 2 ± 3 2 2 6 1 3 3 5 +  4 6 5 . 9 8 < 0 . 0 0 1

KAHYB 2 6 1 0 9 0 +  3 9 2 7 1 4 4 8 ± 3 1 9 . 4 6 < 0 . 0 0 1

M g
Cornwall 3 0 2 3 4 ± 1 3 2 3 4 9 1 ± 2 9 7 . 6 0 < 0 . 0 0 1

KAHYB 3 1 2 1 9 ±  9 2 7 2 9 2 ± 1 3 4 . 6 0 < 0 . 0 0 1

Na
Cornwall 3 0 3 0 9 ± 1 0 2 5 7 4 5 +  4 6 9 . 9 1 < 0 . 0 0 1

KAHYB 2 6 3 6 1 +  1 3 1 9 6 4 0 ± 3 9 7 . 5 5 < 0 . 0 0 1

Fe
Cornwall 2 9 6 1 ±  5 . 3 2 4 7 1 ±  5 . 6 — n. s.

KAHYB 3 1 1 2 3 ± 1 2 . 6 2 6 1 2 7 ± 1 3 . 1 — n. s.

Zn
Cornwall 2 6 9 2 ±  2 . 2 2 7 3 3 ±  1 . 0 2 3 . 9 2 < 0 . 0 0 1

KAHYB 3 1 1 1 6 ±  2 . 9 2 4 2 9 ±  1 . 2 2 4 . 6 4 <0.001

Cu
Cornwall 3 0 5 . 1 +  0 . 2 2 5 4 . 1 +  0 . 4 2 . 3 6 < 0 . 0 5

KAHYB 2 9 9 . 3 +  0 . 6 2 7 7 . 5 +  0 . 7 1 . 8 6 < 0 . 1

* N ot significant.

D a ta  o f ex am in a tio n s  o f th e  h o rn y  p a r t  of th e  fo o t o f p ig lets (C ornw all, 
D uroc, H erceg h a lo m -h y b rid ) a re  sum m arized  in  T ab le  Y. T he m inera l con-

Table V

Ca, P , Mg, N a, Fe, Zn and  Cu concen tra tions (ppm ) in th e  horn  
of th e  foot of Cornwall, D uroc an d  H erceghalom -hybrid  piglets

C O R N W A L L D U R O C HERCEGHA LO M -HY BRID

E lem ente
n M ±  S .E .M . 

p p m
n M ±  S.E .M .

p p m
n M ±  S.E.M .

pp m

Ca 22 1276 ± 8 7 21 1494 ± 8 0 39 1425 ± 1 0 5

P 24 1153 ± 5 4 23 2097 ± 9 1 41 1674 ± 1 0 2

Mg 21 219 ± 1 6 21 308 ± 1 3 48 385 ±  19

N a 28 896 ± 4 0 23 951 ± 3 9 47 630 ±  27

Fe 19 163 ± 1 7 .8 20 189 ± 1 3 .2 50 170 ±  12.7
Zn 31 123 ±  4.5 23 94 ±  2.7 52 112 ±  2.5

Cu 20 6 .9 ±  0.4 23 1 4 .8 ±  0.8 50 15.7 ±  0.9
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te n ts ,  especially  th e  co n c e n tra tio n s  o f  P , N a, Mg an d  Cu, d iffered  betw een  
th e  ex am in ed  th re e  b reed s.

T h e  h ighest c o n cen tra tio n s  o f th e  e lem ents d e te rm in ed , especially  of 
p h o sp h o ru s , w ere fo u n d  in  th e  n a il o f D u ro c  p ig le ts. C ornw all p ig le ts  h a d  v e ry  
low co p p er levels. As w e w ere  n o t ab le  to  d e te rm in e  th e  m in era l co n s titu e n ts  
o f th e  p ig le t d ie t, th e  p ro b a b le  re la tio n sh ip  b e tw een  th e  d ie ta ry  m in era l su p p ly  
an d  th e  m inera l co m p o n en ts  of th e  h o rn y  p a r t  o f th e  foo t rem ain s to  be 
c la rified .

T h e  nails of p ig le ts  a re  r ic h e r in  m inera l m a tte r  co m p ared  to  a d u lt 
sw ine. E specia lly  th e  sod ium  c o n c e n tra tio n  w as h igh  in  a ll th re e  b reeds, b u t  
zinc levels were s lig h tly  low er th a n  in  a d u lts . T he zinc c o n te n t o f c a ttle  h a ir  
ch an g es in  a sim ilar m a n n e r  w ith  age ( V a n  K o e t s v e l d , 1966; M a r t i n  e t ah , 
1969), w hereas lam b s h a v e  m uch  less zinc in  th e ir  h a ir  th a n  a d u lt  sheep 
( G r o p p e l  an d  H e n n i g ,  1971).

I t  should  be n o te d  t h a t  th e  m in e ra l com position  o f th e  nails  o f C ornw all 
p ig le ts  bore a closer re sem b lan ce  to  th e  to e  (younger p a r t)  o f a d u lt  C ornw all 
sw ine th a n  to  th e  na ils  o f an y  y o u n g  o r a d u lt  an im als from  th e  o th e r b reeds.

SU M M A R Y

E x am in a tio n s  o f th e  h o rn y  p a r t  o f th e  fo o t o f a d u lt  C ornw all a n d  K A H Y B  sw ine as 
well as o f Cornwall, D u ro c  a n d  H erceg h a lo m -h y b rid  p ig le ts, on  a to ta l  167 an im als , fo r Ca, 
P , M g, N a, Fe, Zn a n d  Cu c o n te n ts , h a v e  sh o w n  t h a t  th e  c o n cen tra tio n s  o f  these  e lem ents 
d iffer b e tw een  breeds.

T he d is tr ib u tio n  of th e  e lem en ts w as d issim ila r in  th e  an a to m ica lly  a n d  fu n c tio n ally  
d iffe re n t p a r ts  (wall, sole, fro g ) o f th e  nail. C o n cen tra tio n  differences b e tw een  th e  a n a to m ­
ical reg ions were fo u n d  to  be  g re a te r  th a n  th e  in te r-b re e d  differences b e tw een  id en tica l regions.

T h e  nails of p ig le ts  c o n ta in ed  a m u ch  g re a te r  a m o u n t o f m in era l m a t te r  th a n  th o se  
o f a d u lt  swine.
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The co lo s tru m  of ce rta in  m am m alian  species con tains a  t ry p s in  in h ib ito r  (CTI) o f 
p o ly p ep tid e  n a tu re . T he re la tiv e  c o n ce n tra tio n  of th is  in h ib ito r  in  th e  co lo s tru m  of sows 
(L a sk o w sk i e t ah , 1957), cows (L a sk o w sk i an d  L a sk o w sk i, 1951), a n d  w om en (L a sk o w sk i 
a n d  L a sk o w sk i, 1951; H y á n e k  e t ah , 1965) w as fo u n d  to be 67 : 10 : 1 (L a sk o w s k i e t ah,
1957) . E x ce p t in  th e  case o f h u m an  co lostrum , in  w hich th e  a m o u n t o f in h ib ito r  is v e ry  sm all, 
i t  is suggested  th a t  CTI has th e  fu n c tio n  of p ro tec tin g  th e  co lostra l an tib o d ies  from  digestion 
a n d  th u s  en su ring  t h a t  th ey  a re  abso rb ed  in  a  biologically ac tiv e  fo rm  (L a sk o w sk i e t  ah,
1958) . In  a  n u m b er o f  experim en ts  (L a sk o w sk i e t  ah , 1958; N o r d b r in g  a n d  Ol sso n , 1958a, b; 
D ’A d da bbo  e t ah , 1967) i t  has  been  show n t h a t  th e  ab so rp tion  o f p ro te in s  can  be  increased  
b y  sim u ltan eo u s p e ro ra l a d m in is tra tio n  of t ry p s in  inh ib ito r, a lth o u g h  Ch a m b er l a in  e t ah 
(1965) were u n ab le  to  p ro long  th e  period  of p ro te in  abso rp tion  b y  th is  m eans.

The s to m ach  of new -born  an im als co n ta in s  lit t le  or no p ep sin , a n d  no free  HC1 a t  all 
(H il l , 1956; W a l k e r , 1959; L e w is  e t ah , 1957; a n d  o thers). A t th e  sam e tim e  th e  try p sin  
in h ib ito r  o f th e  sow’s co lostrum  is com ple te ly , t h a t  of bovine co lo s tru m  p a rtia lly , re s is tan t 
to  pep sin  d igestion  (K a ssell  a n d  L a sk o w s k i, 1956).

H a rd y  (1969a) d e m o n s tra ted  t h a t  th e  g re a te r  p a r t  o f a  sa line  so lu tion  o f labelled 
Ig G  ad m in iste red  to  new -born  p ig le ts w as sp lit in  th e  in testines a n d  th a t  a f te r  ab so rp tio n  
th e  frag m en ts  w ere ex cre ted  by  th e  k id n ey s . C olostrum , th e  t ry p s in  in h ib ito r  p re p a ra tio n  
T ra sy lo l, and  c arrie r p ro te in s g iven  s im u ltan eo u s ly  exerted  a p ro tec tiv e  effect o n  th e  IgG. 
S im ila r re su lts  w ere o b ta in ed  by  H a r d y  (1969b) in  experim ents w ith  calves. H ow ever, th e  
m ech an ism  by  w h ich  colostra l an tib o d ies  a re  p ro tec te d  have  rem a in ed  obscure.

T he p re sen t w o rk  deals w ith  th e  in te rre la tio n sh ip s  of CTI, p ro te in  d igestion  a n d  p ro te in  
a b so rp tio n  in  p ig le ts an d  k itte n s  re a re d  u n d e r  conv en tio n al cond itions. A re p o rt  on  d igestion  
in  suck ling  ra ts  has a lread y  been  p u b lished  (B a in t n e r  an d  J u h á sz , 1971).

One of th e  th in g s  th a t  h a d  to  be k e p t in  m in d  during  these in v es tig a tio n s  is th e  change 
in  th e  ab ility  o f en te ro cy tes  to  abso rb  p ro te in s. In  earlier s tud ies i t  w as show n t h a t  b o th  
n o n-se lec tive  (B a in t n e r  and  V e r e s s , 1967) an d  selective p ro te in  ab so rp tio n  (B a in t n e r  and  
V e r e s s , 1970) can  be  re la te d  to  defin ite  cell ty p e s  covering th e  in te s tin a l villi. U n d e r some 
u n k n o w n  effect cells unab le  to  ab so rb  p ro te in s  rep lace  th e  earlier ones (B a in t n e r  a n d  V e r e s s , 
1967, 1970). T he ex p erim en ts  o f Cla r k e  an d  H a r d y  (1969, 1970, 1971a, b )  h av e  d e m o n s tra ted  
t h a t  th is  ep ith e lia l change does n o t occur a long  th e  whole len g th  of th e  in te s tin e  a t  th e  same 
tim e , b u t  th e  ab ility  to  tak e  up  m acrom olecu les becom es gradually  lim ite d  to  th e  m ore d is ta l 
p a r ts  o f th e  sm all in te stin e , before d isap p earin g  com pletely.

M ethods

T he in v estig a tio n s w ere ca rried  o u t w ith  piglets, 2 h o u rs  to  9 days o f  age, 
a n d  w ith  k itte n s , 2 hours to  21 day s o f age. I n  all cases th e  an im als  w ere allow ed 
to  suckle up to  th e  tim e  of s lau g h te r. T h e  an im als were s tu n n e d  a n d  th e n  bled 
b y  c u ttin g  th e  th ro a t .  A fte r th e  ab d o m en  h a d  been opened  th e  sm all in te s tin e
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w as ta k e n  ou t an d  th e  m esen te ry  rem oved. A ny  blood leak ing  from  th e  
in te s tin a l vessels w as ca re fu lly  m opped up to  p re v e n t co n tam in a tio n  of th e  
in te s tin a l con ten ts w ith  try p s in  inh ib ito rs o f b lood orig in . T he in te s tin a l 
c o n te n ts  of the  p ig lets w ere squeezed ou t in to  a te s t  tu b e  a n d  d ilu ted  1 : 10 
befo re  te s ted . In  th e  k i t te n s ,  because of th e  sm aller vo lum es of in te s tin a l 
c o n ten ts , the  sm all in te s tin e  w as flushed w ith  physio logical saline and th e  
w ashings collected in a te s t  tu b e . T he volum e of saline used  for flushing was 
5 m l, irrespective of th e  age or w eight of th e  an im al.

T he d ilu ted  in te s tin a l c o n ten ts  and  w ashings w ere cen trifu g ed  and f ilte red  
u n til  op tica lly  clear. T h e  sam ples were s to red  a t  — 20°C u n til  tested . Som e 
p rec ip ita tio n  u sua lly  re a p p e a re d  a fte r  freezing an d  w as rem o v ed  b y  c e n tr i­
fu g a tio n . No a t te m p t w as m ad e  to  assess th e  q u a n t i ty  o f enzym es lost d u rin g  
p u rifica tio n .

T he in testin e  w as im ag in ed  as being d iv ided  in to  100 p a r ts , so th a t  th e  
site  o f each h isto log ical specim en  could be expressed  in te rm s  of a p ercen tage, 
beg inn ing  from  th e  p y lo ru s . In  th is  way specim ens w ere ta k e n  from  th e  
je ju n u m  (45— 50% ) a n d  from  th e  ileum  (75— 80% ).

A ctivity  assays. T h e  a c tiv itie s  given for p ig le ts w ere ca lcu la ted  on th e  
basis  of ml u n d ilu te d  in te s tin a l con ten ts; th o se  fo r k it te n s  in  term s of ml 
w ashings.

1. N -a-benzoy l-L -arg in ine  e th y l este r (B A E E ) an d  acety l-L -ty ro s in e  
e th y l este r (A T E E ) sp lit t in g  ac tiv itie s  w ere d e te rm in ed  b y  th e  m ethod  of 
S c h w e r t  and  T a k e n a k a  (1955) m aking  d irec t sp ec tro p h o to m e tric  read ings 
a t  room  tem p e ra tu re  on a Spek trom om  201 a p p a ra tu s . B A E E -sp littin g  w as 
m easu red  a t  253 nm  in  0.1 M  p H  8 Tris-H C l buffer, A T E E -sp littin g  a t  237 nm  
in 0.1 M  pH 7T ris-H C .l b u ffe r .T h e  background  UV ab so rp tio n  w as com pensated  
b y  w idening of th e  s lit. A n y  changes in non-specific  a b so rp tio n  were checked 
b y  se ttin g  up con tro ls  w ith o u t su b stra te .

A ctiv ities d e te rm in e d  in th e  above m a n n e r w ere reso lved  in to  sensitive 
an d  re s is ta n t a c tiv itie s  b y  th e  add itio n  of excess soybean  try p sin  in h ib ito r  
(S T I, 0.2 mg/3 m l f in a l c o n cen tra tio n ):

Substrate
Soybean trypsin  inhibitor

sensitive resistan t

B A E E try p sin
“ ch y m otrypsin  B ”

“ kallik rein”
A TEE chym otrypsin -like

(chym otrypsin  A) a c tiv ity

T h e frac tion  d en o ted  as “ k a llik re in ” was show n to  be com posed p a r tly  or 
com plete ly  of p a n c re a tic  k a llik re in  on the  basis of th e  follow ing p ro p erties : I t  
w as produced  by  th e  p a n c reas  as a zym ogen; i t  sp lit B A E E , b u t no t N -a- 
b en zo y l-L -a rg in in e -p -n itro an ilid e  (B A PA ); i t  w as re s is ta n t to  STI, b u t  in-
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h ib ited  by  T rasy lo l; it was irrev ers ib ly  in a c tiv a te d  by  JV/4 su lphuric  ac id , as 
used in th e  try p s in  p re p a ra tio n  m eth o d  of K u n itz  (1939). T he S T I-sen sitiv e  
A T E E -sp littin g  a c tiv i ty  had  th e  c h a ra c te ris tic s  of ch y m o try p sin  B, b e in g  
C T I-res is tan t (W u  a n d  L a sk o w sk i , 1960).

T he choice o f expressing th e  try p s in  an d  ch y m o try p sin  ac tiv itie s  in 
te rm s of pg enzym e w as som ew hat a rb itra ry . T h e  ca lcu la tions were b ased  on 
th e  h ighest specific ac tiv itie s , m easu red  b y  s im ila r m ethods, th a t  could  be 
found  in b iochem icals ca talogues:

12.000 B A E E  u n its /m in  =  1 m g try p s in
14.000 A T E E  u n its /m in  = 1 m g ch y m o try p sin

T he “ k a llik re in ”  a n d  ch y m o try p sin -lik e  a c tiv itie s  w ere ca lcu la ted  in th e  sam e 
w ay, assum ing  s im ila r m olecular w eights a n d  specific ac tiv ities .

2. D e te rm in a tio n  of co lostral try p s in  in h ib ito r  (CTI) in  in te s tin a l co n ­
te n ts  an d  co lo stru m . I t  was dete rm in ed  how  m uch  of th e  solu tion  u n d e r s tu d y  
h ad  to  be ad d ed  to  red u ce  th e  a c tiv ity  o f a kn o w n  try p s in  solu tion  to  40— 6 0 % . 
T he m easu rem en t is in accu ra te  a t  low er in h ib itio n , while for inh ib ition  a p ­
p roach ing  100% . due  to  dissociation  of th e  try p s in - try p s in  in h ib ito r com plex , 
th e  in h ib itio n  does n o t change p a ra lle l w ith  in h ib ito r  concen tra tion . T he u n in ­
h ib ited  (sam ple vo lum e zero) and  in h ib ited  a c tiv ity  values were p lo tte d  as a 
function  of th e  vo lu m es of sam ple added  an d  th e  po in ts  jo ined w ith  a s tra ig h t 
line. E lon g a tio n  o f th is  line to  th e  abscissa gave  an  in te rcep t w hich rep re sen ted  
th e  th e o re tic a l a m o u n t of so lu tion  req u ired  to  p roduce  100%  in h ib ition . F ro m  
th is  it w as possible to  ca lcu la te  th e  a m o u n t of try p s in  in h ib ited  by  1 ml so lu tio n . 
T he c o n cen tra tio n  o f try p s in  in h ib ito r  w as exp ressed  as pg try p s in  in h ib ite d  
by  1 ml of in te s tin a l co n ten ts  or w ashings. I f  th e  so lu tion  u n d er s tu d y  co n ­
ta in ed  “ k a llik re in ”  a c tiv ity  th e  try p s in  in h ib itio n  values were co rrec ted  
accord ing ly .

T he co lo stru m  used  in these  m easu rem en ts  w as p rep ared  in  th e  fo llow ing 
w ay : У2 m l co lo stru m  w as d ilu ted  w ith  % m l d is tilled  w a te r and , a f te r  sh ak in g , 
4 m l 5%  trich lo ro ace tic  acid w as ad d ed . F a t  a n d  p re c ip ita te d  p ro te in s w ere 
rem oved  by  c e n tr ifu g a tio n  and  f iltra tio n . T h e  C T I of th e  clear f i l t ra te  w as 
d e te rm in ed  in  th e  ab o v e  m anner. I t  w as u su a lly  m uch  m ore d ifficu lt to  ach ieve  
op tica l c la rity  w ith  co lostrum  th a n  w ith  in te s tin a l con ten ts .

3. E s te ro p ro te o ly tic  enzym e w as d e te rm in ed  a t room  te m p e ra tu re  w ith  
caproy l sa licy la te  as su b s tra te , in 0.1 M  p H  8 T ris-H C l buffer a t  300 nm  
(Gj e s s in g  e t a l., 1959; M cCo n n e l l  an d  G j e s s i n g , 1966).

4. D e te rm in a tio n  of ch y m o try p sin o g en . In te s t in a l  sam ples w ith  high C TI 
co n ten t w ere a c t iv a te d  b y  excess c h y m o try p sin -free  try p s in  (C A L B IO C H E M ) 
and  th e  A T E E -sp littin g  a c tiv ity  was m easured  by  th e  m ethod  described ab o v e . 
The procedure  w as su itab le  for d e tec tio n  o f ch y m o try p sin -lik e  proenzym e and  
of ch y m o try p sin o g en  B, b u t no t o f th e  zym ogen  of a -ch y m o try p sin . T h e  
reason  for th is  is t h a t  CTI and  ST1 have  se p a ra te  b ind ing  sites for try p s in  an d
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C hym otrypsin  (Cech o v á  e t a l., 1969), a n d  th u s  th e  try p sin -C T I com plex  
fo rm ed  a fte r  th e  a d d itio n  of try p s in  is s till ab le  to  b in d  a -c h y m o try p s in  a t  th e  
ra tio  1 : 1 : 1  (K r a h n  a n d  St e v e n s , 1971).

5. L ipase a c t iv i ty  w as de te rm in ed  a t  37°C w ith  tr ib u ty r in  s u b s tra te  by  
co n tin u o u s t i t ra t io n  w ith  0.01 N  N aO H  o f th e  b u ty ric  acid  released . O ne u n it  
of a c tiv ity  was eq u a l to  1 p m o lx m in -1  b u ty r ic  acid released  b y  1 m l of 
sam ple .

6. A m ylase a c t iv i ty  w as de te rm ined  b y  m easuring  th e  ra te  o f d isa p p e a r­
ance  o f th e  io d in e -s ta rch  colour, follow ing th e  m ethod  of Somogyi (1955).

H isto logical ex am in a tio n s  were ca rr ied  o u t on fo rm alin -fixed  specim ens 
e m b ed d ed  in p a ra ffin  a n d  sta ined  w ith  h a e m a to x y lin  an d  eosin.

M ilk was o b ta in e d  from  th e  m o th e r ca ts  b y  collecting m ilk  d ro p le ts  in  a 
m ic ro p ip e tte  b y  c a p illa ry  effect.

R esu lts

1. E x p e rim en ts  w ith  p ig lets. E ig h t o f  th e  14 p ig lets farrow ed  b y  one sow 
re fe rred  to  as th e  “ la rg e  l i t te r ”  an d  seven  of nine p ig lets of a second  sow 
(“ sm all l i t te r ” ) w ere sacrificed . T he a c tiv i ty  of caproy l sa licy la te -sp littin g  
enzym e was d e te rm in ed  from  an o th e r 15 p ig le ts .

T he in te s tin a l c o n te n ts  tak en  from  th e  p ig lets w ere yellow . O n s tan d in g , 
th e  sam ples from  1- to  2 -day -o ld  p ig lets tu rn e d  green on th e  surface in  c o n ta c t 
w ith  th e  air. Sam ples from  older an im als rem ain ed  yellow .

T he CTI c o n te n t o f  co lostrum  from  th e  sow w ith  th e  large l i t te r  declined 
ra p id ly , in h ib itin g  2130 p g  try p s in  p e r  m l a t  p a r tu r itio n , 22 pg 2 day s la te r , 
a n d  on ly  trace  a m o u n ts  on th e  th ird  d a y  a f te r  p a r tu r itio n . No co lostrum  
sam ples could be ta k e n  from  th e  sow w ith  th e  sm all l itte r .

T he declining C T I co n cen tra tio n s o f  in te s tin a l co n ten ts  from  p ig le ts  of 
th e  tw o  litte rs  (F ig . 1) fo rm ed  a rou g h ly  ex p o n en tia l curve. In  b o th  l i t te rs  th e  
co n cen tra tio n s  fell ra p id ly  as a fu n c tio n  o f age, a lth o u g h  th e  decrease  w as 
s ig n ifican tly  m ore p ro tra c te d  for th e  sm all l itte r .

In  no sam ple w as i t  possible to  d e te c t th e  sim ultaneous occurrence o f CTI 
a n d  try p s in , because o f fo rm atio n  of in a c tiv e  com plex betw een  th e  tw o . H ow ­
ever, i t  was possible to  d e te c t “ k a llik re in ”  a n d  “ ch y m o try p sin  B ” a c tiv itie s  in 
th e  presence of C TI (F igs 2, 3). In  th e  m a jo r ity  of sam ples from  th e  y o u n g est 
p ig le ts  no p ro teo ly tic  a c tiv ity  w as d e m o n s tra b le , excep t fo r th e  cap ro y l 
sa licy la te -sp littin g  enzym e. A tte m p ts  m ad e  to  d e tec t ch y m o try p sin o g en  in 
sam ples tak en  from  th re e  p ig lets a few h o u rs  a f te r  b ir th  failed  in  a ll cases. T he 
A T E E -sp littin g  a c tiv itie s  o b ta in ed  a f te r  a c tiv a tio n  corresponded  to  th e  v e ry  
low  A T E E -sp littin g  a c tiv i ty  of th e  ad d e d  try p s in  itself.

“ C h y m otrypsin  B ”  a c tiv ity  g en era lly  appeared  som ew hat ea rlie r th a n  
“ k a llik re in ” , w hile try p s in  an d  ch y m o try p sin -lik e  ac tiv ities  a p p e a re d  w hen
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p ig le ts  were severa l d a y s  old. P ro teo ly tic  ac tiv itie s  te n d e d  to  increase w ith  
ad v an c in g  age.

In te s tin a l c o n te n ts  con ta ined  low , b u t  d is tin c t am ylase  an d  lipase 
a c tiv itie s  in th e  f irs t  h o u rs  of life, an d  b o th  a c tiv itie s  te n d e d  to  increase w ith  
age. A m ylase va lu es  ran g ed  betw een  10 an d  1000 Sm ogyi u n its/m l, tho se  of 
lip ase  betw een 0.7 a n d  42 u n its/m l.

T rypsin  in h ib ito r  co n cen tra tio n s o f u rin e  sam ples corresponded  to  values 
pu b lish ed  before ( B a i n t n e r , 1970b).

H isto logical e x am in a tio n s  revea led  th e  presence  of re la tiv e ly  sm all 
eosinophilic d ro p le ts  soon a f te r  firs t suck ing  (F ig . 8), a n d  la te r  these  d rop le ts  
filled  th e  g rea te r p a r t  o f en te ro cy tes  (F ig . 9). No eosinophilic  d ro p le ts  were 
v isib le  in th e  je ju n u m  a f te r  tw o days of age. In  th e  p ig le ts  of the sm all l i t te r  
th e  ileum  was also ex am in ed  h isto log ically  an d  eosinophilic  d rop le ts  were 
observed  in th e  ileal en te ro c y te s  u n til th e  fo u rth  p o s tn a ta l  day . A fte r th e  d is­
ap p earan ce  of th e  eosinophilic  d rop le ts u n v acu o lized  cells w ere found  in  th e  
je ju n u m  and  m o stly  “ e m p ty ”  vacuoles in th e  ileum . T h e  sm all, sporad ica lly  
occurring , eosinophilic inclusion  bodies n ev e r filled  th e  vacuoles com plete ly . 
T h e  brow nish  co lour o f th e  ileum  w ith  p re d o m in a n tly  vacuolized  en te ro cy tes  
co n tra s te d  w ith  th e  g rey ish  colour of th e  je ju n u m . T h e  histo logical find ings 
w ere largely  un ifo rm  am o n g  litte r-m a te s  o f th e  sam e age.

2. E x p erim en ts  w ith  k itten s . C olostrum  or m ilk  w as tak en  from  eight 
dam s betw een % — 6 d ay s  a fte r  p a r tu r itio n . C TI w as d e tec ted  in every  sam ple.

N ineteen k itte n s  w ere used for m easu rem en ts  of enzym e a c tiv itie s  and  
37 fo r histological s tu d ie s ; o f these 14 w ere used  in  b o th  stud ies. T he resu lts  
v a ried  su b stan tia lly  b e tw een  litte rs , b u t  v a lues fo r litte r-m a te s  of th e  sam e
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Fig. 4. C aproyl sa lic y la te -sp littin g  a c tiv ity  in  th e  in te s tin a l co n ten ts  of p ig le ts
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age w ere sim ilar. V aria tio n s  due to  l i t te r  size were n o t in v estig a ted .
T he CTI c o n c e n tra tio n  of in te s tin a l co n ten ts  decreased  rap id ly  w ith  

adv an c in g  age (F ig. 5). In  some an im als “ k a llik re in ”  (F ig . 6) and “ chym o- 
try p s in  B ” (F ig. 7) a c tiv itie s  were p re se n t a few h o u rs  a fte r  firs t sucking. 
T ry p sin  a c tiv ity  ap p e a re d  a t  1— 1 %  days of age, s im u ltan eo u sly  w ith  th e  d is­
appearance  of C TI. C h ym otrypsin -like  a c tiv ity  w as n o t d e tec tab le  even a t  
th ree  days. A m ylase v a lu es  ranged  b e tw een  0 and  13 Som ogyi un its/m l, tho se  
of lipase betw een  0 a n d  4.2 un its/m l.

U rine sam ples of k it te n s  in h ib ited  try p s in  b e tw een  160 and  840 /xg/ml in  
th e  f irs t  one an d  a h a lf  day s of life (7 an im als). In  th e  sam e sam ples p ro te in  
was de tec ted  b y  p re c ip ita tio n  w ith  trich lo ro acetic  acid . In  co n tras t, only low  
try p sin  in h ib ito r v a lu es , be tw een  2.3 an d  23 /ig/m l, o ccu rred  from  2У2 days to
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Fig. 6. T ry p sin  ( • )  a n d  “ k a llik re in ”  (o) ac tiv itie s  in  th e  in te s t in a l  w ashings o f k itte n s
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1 w eek  (10 an im als).
T he h isto log ical find ing  v a ried  con sid erab ly  betw een th e  d iffe ren t litte rs . 

E osinoph ilic  d ro p le ts  p red o m in a ted  in  th e  en terocy tes on th e  f ir s t  day  of life. 
A fte r  one an d  a h a lf  days of age no  eosinophilic  d roplets w ere  found , though  
“ e m p ty ” vacuoles w ere visible in  th e  ileum .
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F i g  7 “ Chymotrypsin В ” (о) and chymotrypsin-like ( • )  activities in the intestinal washings
of kittens

D iscussion

T he sm all in te s tin a l co n ten ts  h e ld  ex trao rd in a rily  la rg e  am o u n ts  of CTI 
fo r a n u m b er of h o u rs  a fte r  th e  f i r s t  sucking , especially  in  p ig le ts. The CTI 
c o n c e n tra tio n  in  th e  in te s tin a l c o n te n ts  (Figs 1 and  5) d im in ished  rap id ly  
w ith  age, follow ed, w ith  som e d e lay , b y  th e  level in th e  u rin e  (B a i n t n e r , 
1970b). L ite ra ry  d a ta  (L a s k o w s k i  e t  a l., 1957) and  d e te rm in a tio n s  of sam ples 
from  th e  sow w ith  th e  large l i t te r  d e m o n s tra te  a sim ilar decrease of CTI in  
co lo stru m , p a ra lle l to  th e  change o f co lo stru m  to no rm al m ilk . T he CTI con­
c e n tra tio n s  of co lo stru m , in te s tin a l c o n te n ts  and  urine  in  an a logous phases of 
th e  changes w ere of th e  sam e o rd e r o f m ag n itu d e . H ow ever, t ry p s in  in h ib ito r 
does n o t com pletely  d isap p ear from  th e  m ilk and  the u rin e , b u t it falls to  a 
neglig ib le  level.

T he m ain  sources of erro r in c o m p arin g  th e  CTI c o n cen tra tio n s  of co lost­
ru m  an d  in te s tin a l co n ten ts  w ere t h a t  generally  th e  less suck led  te a ts  w ere 
succesfu lly  sam pled  an d  th a t  som e of th e  CTI was lost d u rin g  p re c ip ita tio n  of 
th e  co lostral p ro te in s  ( P e d e r s e n  e t a l., 1971). A fu r th e r  source  of error w ith  
co lo stru m  from  th e  ca ts  was th e  sm all vo lum e of th e  sam p les . T herefo re, 
n u m erica l ev a lu a tio n  o f these  l a t te r  d e te rm in a tio n s  w ere co nsidered  q u es tio n ­
ab le . N evertheless, d e te rm in a tio n s  c learly  showed th a t  c a t  co lostrum  con-
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ta in e d  s ig n ifican t q u a n titie s  of C TI.
T he C TI level declined m ore slow ly in  th e  sm all in te s tin e  of p ig lets from  

th e  sm all l i t te r  th a n  of tho se  from  th e  la rg e  l i t te r  (Fig. 1). T he sow w ith  th e  
large l i t te r  w as sucked  m ost o f th e  tim e  b y  tw ice as m an y  p ig le ts as th a t  w ith  
th e  sm all l i t te r ,  so c learly  m ore ra p id  su ck in g  is a tte n d e d  b y  fa s te r dep le tio n  
of co lostrum . C onsequen tly , in  in v e s tig a tin g  th e  fall in  co lostra l CTI c o n te n t 
i t  is n o t su ffic ien t ju s t  to  ta k e  acco u n t of th e  tim e  elapsed a f te r  p a r tu r it io n , as 
d id  L a s k o w s k i  e t al. (1957), b u t  th e  r a te  o f  sucking, w hich  is m o st co n ­
v en ien tly  exp ressed  b y  l i t te r  size, m u st also  be  considered.

B ased  on th e  p resen t ex p erim en t, th e  d eve lopm en t o f p ro te in  d ig estio n  
can be d iv ided  in to  3 successive periods. I n  th e  f irs t period , w hich la s ts  a b o u t 
h a lf  a d ay  a f te r  b ir th  in  p ig le ts , p ro te o ly tic  enzym es a re  as a ru le n o t  d e ­
te c ta b le  (F igs 2, 3). A n excep tion  is th e  e s te ro p ro teo ly tic  enzym e (F ig . 4), 
w hich in  g enera l ap p ears  a lread y  a fte r  th e  f i r s t  sucking. In  th e  sam e perio d  th e  
h ighest CTI v a lu es  are  found . T hus, in  p ig le ts  th e re  is a period  w hen in te s tin a l 
p ro teo lysis is in sig n ifican t or lack ing . T his p e rio d  did n o t occur co n sis ten tly  in  
k itte n s  (Figs 6, 7). T he p re se n t ex p erim en ts  give no answ er as to  w h e th e r th e  
p ancreas is de lay ed  in  secre ting  p ro teases  in  th is  period, or th e  secreted  p ro ­
teases c an n o t be  a c tiv a te d . W h a te v e r is th e  case, ch ym otrypsinogen  cou ld  
n o t he d e tec ted  in  th e  sam ples exam ined .

T he second period  la s ts  rough ly  from  h a lf  a day  to  2 d ay s  of age in  p ig le ts  
an d  from  b ir th  to  one or one an d  a h a lf  d ay s in  k itten s . I n  th is  period  th e  in ­
te s tin e  s till co n ta in s  C TI, b u t  th e  C T I-re s is ta n t p an c rea tic  p ro teases a lre a d y  
m ake th e ir  ap p ea ran ce  (Figs 2, 3, 6, 7). T h e  a p p a re n t lack  o f try p s in  is v e ry  
likely  due to  th e  presence of C TI.

T he th ird  perio d  begins w ith  th e  d isap p ea ran ce  of C TI from  th e  in te s tin a l 
co n ten ts . 4 t  th e  sam e tim e  try p s in  ap p ea rs  in  th e  sm all in te s tin e  an d  la te r  a 
ch y m o try p sin -lik e  a c tiv ity  as well. In  th is  w ay  th e  com plem en t of p ro te o ly tic  
enzym es is filled  o u t to  th e  p a tte rn  c h a ra c te ris tic  of th e  suckling  an im a l. 
F u r th e r  changes a re  likely  la te r  on, d u rin g  th e  physio logical p re p a ra tio n  fo r  
w ean ing  ( G o r r i l l  an d  F r i e n d , 1970; C o r r i n g  and  A u m a i t r e , 1971). T h u s , 
only  a p a r t  o f th e  v a ria tio n s  in p ro teo ly tic  a c tiv itie s  can  be exp la ined  b y  th e  
effect of C TI.

T he a -c h y m o try p s in  w as n o t d e te rm in ed  sep a ra te ly  in  th ese  e x p e rim en ts ; 
w hile th e  in te s tin e  still co n ta in s  C TI, i t  c a n n o t occur in  a free s ta te . I f  i t  
ap p eared  la te r , i t  w as m easured  to g e th e r w ith  th e  “ ch y m o try p sin  B ”  a c t iv i ty .

T he a b so lu te  va lues of th e  re su lts  fo r p ig le ts  an d  k itte n s  c a n n o t be 
easily  co m p ared , due to  th e  d ifferences in  sam ple  ta k in g  ( in tes tin a l c o n te n t 
an d  w ashing  flu id ) an d  in  bo d y  size. H o w ev er, i t  seem s th a t  less try p s in  is 
p roduced  b y  p ig le t (om nivorous species) th a n  b y  k itte n s  (carn ivorous species), 
in  c o n tra s t, m ore  CTI an d  am ylase  are  p re se n t in  p ig lets.

S im u ltan eo u sly  w ith  th e  ap p ea ran ce  o f a m ark ed  try p s in  a c t iv i ty ,
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am ylase , lipase an d  “ ch y m o try p sin  B ” a c tiv itie s  show ed a tran s ien t decrease 
in  th e  k itten s , p ro b a b ly  as a resu lt o f th e ir  in ac tiv a tio n  b y  try p sin . In  th e  
o ld e r anim als th ese  a c tiv itie s  were h ig h er again .

In  th e  h isto log ica l exam in a tio n s a t te n tio n  was p rim arily  focused on th e  
eosinophilic  d ro p le ts  in  en te rocy tes on th e  v illi. These w ere f irs t described  by

F ig .8 . Je ju n u m  fro m  a new -b o rn  p ig le t 3 h o u rs  a f te r  th e  f irs t sucking. E osinophilic  d ro p le ts  
o f  m ed iu m  size can  be  seen  a t  th e  base o f th e  e n te ro c y te s  (arrow s), sm all d rop lets in  th e  ap ical 
reg ion . A t th is  tim e th e re  w as a large  excess o f t ry p s in  in h ib ito r in  th e  in te stin a l c o n te n t 

and no d em o n s trab le  p ro teo ly tic  a c tiv ity . H aem ato x y lin -eo sin  (H — E) s ta in in g

P a r a t  (1924) an d  w ere la te r  re la ted  to  p ro te in  ab so rp tio n  b y  C o m e l i n e  e t al. 
(1951). B a i n t n e r  a n d  V e r e s s  (1967) d is tin g u ish ed  th em  from  the  m o rp h o ­
log ica l signs of th e  a b ili ty  to  absorb  p ro te in s . N evertheless, i t  was p re su m ed  
th a t  th e y  rep re sen t signs of ac tu a l p ro te in  ab so rp tio n  in  an im als of th e  non- 
se lec tiv e  p ro te in  a b so rp tio n  ty p e , to  w hich  p ig le ts  and  k it te n s  belong.

Eosinophilic  d ro p le ts  were indeed  o b se rv ed  in th e  en te ro cy tes  o f th e  
je ju n u m  and  ileum  in  p ig le ts  and  k itte n s  a f te r  f irs t sucking  (Figs 8, 9). T h e ir 
fo rm a tio n  and  tra n sc e llu la r  passage co rresponded  to  earlie r d esc rip tio n s 
( B a i n t n e r  an d  V e r e s s , 1967; V e r e s s  a n d  B a i n t n e r , 1970). This is th e  
p e rio d  w hen p ig le ts  d isp lay  th e  m ost p ro n o u n ced  p ro te in  ab so rp tio n  an d  
w hen  the  p ro teo ly tic  enzym es are g enera lly  lack ing . In  th e  second p h ase  o f the 
d ev e lopm en t of p ro teo ly s is  no change cou ld  be d e tec ted  in  e ith e r th e  fo rm  or 
th e  sta in in g  of th e  eosinophilic  d rop le ts . In  th is  period th e  fu ll com plem en t of
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p ro teases  w as s till n o t p re se n t. I t  seem s th a t  th e  fu n c tio n  of ac tiv e  p ro teases 
w as re s tr ic te d  to  sp littin g  of d e fin ite  p ep tide-honds a n d  pro teo lysis stopped 
a fte r  ro u g h  f ra g m e n ta tio n  of th e  p ro te in s , these frag m en ts  being  abso rbed  in 
th e  sam e w ay  as in ta c t  p ro te in s . T he ap p earan ce  of such  p ro te in  frag m en ts  has 
in  fa c t been  d e m o n s tra te d  b y  H a r d y  (1969a, b).

In  tw o p ig le ts  o f th e  large  l i t te r  sacrificed  a t  2 day s of age the d rop le ts

F ig . 9. J e ju n u m  o f a 1 -day-o ld  p ig le t. L arge eosinophilic d ro p le ts  a re  v isib le  in th e  e n te ro  
cy te s  (arrow s). T ry p s in  in h ib ito r  an d  p ro teases insenstive  to  c o lo s tra l t ry p s in  in h ib ito r  were 

p re se n t in  th e  in te s tin a l co n te n t. H —E  sta in in g

occurred  only  sc a tte re d  in  a few cells (F ig . 10), p ro b a b ly  in  th o se  ones w hich 
lagged b eh in d  w ith  th e  secre tion  of co lostral p ro te in s  in to  th e  in te rce llu la r 
space. New , develop ing  eosinophilic d ro p le ts  were no t observ ed . This is reg a rd ­
ed as th e  s ta te  ju s t  before  th e  d isap p earan ce  of th e  eosinophilic  d rop le ts . In  th e  
correspond ing  in te s tin a l c o n ten ts  th e re  w as scarcely  a n y  C TI, an d  if  a non- 
un iform  d is tr ib u tio n  of th e  in h ib ito r  is assum ed, it is possib le  th a t  th e re  w as no 
CTT a t all a t  th e  je ju n a l s ite  from  w here th e  specim en w as ta k e n .

A fte r CTI h a d  v an ish ed  an d  try p s in  h ad  m ade its  ap p earan ce , eosino­
philic d rop le ts  could n o t be d em o n stra ted  in an y  case. A ccord ingly , these  
d rop le ts  could be found  la te r  in  p ig lets from  th e  sm all l i t te r  th a n  in  th o se  from  
th e  large one. In  th e  th ird  period  of th e  developm ent o f p ro teo lysis , w hen  th e  
p ro teo ly tic  p a tte rn  has been su p p lem en ted  w ith  try p s in , it  ap p ears  th a t  
p ro teo lysis becom es p ra c tic a lly  com plete , and  m orpho log ical signs of p ro te in  
abso rp tio n  c a n n o t be d em o n stra ted .
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In  k itten s , th e  d isa p p e a ra n ce  of CTI and  th e  ap p ea ran ce  of try p sin  took  
p lace  earlier th an  in p ig le ts  (F igs 5, 6) and  accord ing ly  th e  eosinophilic d rop le ts 
v a n ish e d  sooner. T he m orpho log ica l an d  b iochem ical find ings w ere in com plete 
ag reem en t.

T he p resen t resu lts  a re  in  acco rdance  w ith  th e  a ssu m p tio n  th a t  CTI exerts  
a p ro te c tiv e  effect on c o lo s tra l p ro te in s  during  th e ir  a b so rp tio n . Besides CTI, 
p ro b a b ly  also o th e r fa c to rs  h av e  a role in  th is  p ro tec tiv e  effect. In  k itten s ,

F ig . 10. Je ju n u m  of a 2 -d ay -o ld  p ig le t a t  th e  tim e  w hen  p ro te in  ab so rp tio n  ceases. T he in ­
te s tin a l  villi on the  r ig h t a n d  in  th e  cen tre  co n ta in  a few  large eosinophilic  d rop le ts (arrow s), 
th e  v illu s on th e  left h a s  none . No sm all eosinophilic d ro p le ts  w ere observed . B y th is  tim e 
th e re  w as scarcely any  try p s in  in h ib ito r  in  th e  in te s tin a l c o n te n t, b u t  t ry p s in  was still n o t

d e tec tab le . H — E  sta in in g

w h ich  ob ta in  m a te rn a l an tib o d ie s  b o th  p re n a ta lly  an d  p o s tn a ta lly , th e  p ro ­
te c tio n  of colostral p ro te in s  w as n o t so fu ll as in  p ig le ts, w h ich  d isplay  only 
p o s tn a ta l  im m une tra n s fe r  ( B r a m b e l l , 1958). T he p ro te c tio n  of an tibod ies 
d u rin g  absorp tion  in  suck ling  ra ts  c an n o t be ex p la ined  in  th e  sam e w ay  as 
t h a t  in  piglets an d  k it te n s  ( B a i n t n e r  an d  J u h á s z , 1971).

T he p resen t re su lts  also in d ica te  th a t  in p ig le ts a n d  k itte n s  the  ac tu a l 
cessa tio n  of p ro te in  a b so rp tio n  is due n o t so m uch to  th e  loss of ab ility  to  
a b so rb  pro teins, o r to  th e  regression  of th is  a b ility  to  m ore d is ta l p a rts  of th e  
in te s tin e , b u t to  th e  s ta r t  o f p ro teo lysis . T h a t is to  say  th a t  tw o  processes of a
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m ore or less sw itch -over n a tu re  ta k e  p lace  in  th e  in testin e  of th e  suck ling  
an im als:

1. S w itch -o v er from  in h ib itio n  of p ro te in  d igestion  to  full p ro te in  d i­
gestion , an d  in  consequence, from  a b so rp tio n  of p ro te in s  to  a b so rp tio n  of 
am ino ac ids. T he tim in g  of th is  sw itch -o v er is de te rm in ed , in  ad d itio n  to  th e  
p an c rea tic  fu n c tio n , b y  fac to rs in d e p e n d e n t of th e  suckling  an im al, such  as 
th e  a m o u n t o f m a te rn a l co lostrum  an d  its  C TI co n ten t, or th e  l i t te r  size.

2. S w itch -over from  th e  p ro te in  a b so rp tiv e  en te ro cy tes  to  th e  cells o f  th e  
ad u lt ty p e , due  to  a change in th e  ‘d ire c tio n ’ of d iffe ren tia tio n  of th e  grow ing 
en te ro cy tes . W ith  adv an c in g  age th is  p rocess tak es  place m ore an d  m ore  in  th e  
d ista l p o rtio n s  of th e  in testin e ; its  tim in g  is p ro b ab ly  d e te rm in ed  gen e tica lly .

In  th e  se lec tive ly  absorb ing  r a t  th e  cessation  of p ro te in  a b so rp tio n  is 
co n cu rren t w ith  th e  change in th e  in te s tin a l ep ithe lium  ( C l a r k e  and  H a r d y , 

1969; B a i n t n e r  an d  V e r e s s , 1970). H ow ever, in  an im als of th e  non -se lec tive  
ty p e  th e  te rm  ‘closure’ m u st be recognized  as covering tw o d is tin c t p rocesses. 
I t  is p ro p o sed  th a t  the designation  tru e  closure be app lied  to  th e  cessa tio n  of 
the  a b ility  to  absorb  p ro te in s , an d  th e  d esig n a tio n  a p p a re n t closure to  d en o te  
th e  cessa tion  of p ro te in  ab so rp tio n  th a t  is re la te d  to  th e  s ta r t  of d ig estio n . 
I shall p u b lish  th e  re lev an t m orphological ev idence in th e  accom pany ing  p a p e r .

B etw een  th e  tw o even ts m en tio n ed  th e re  is a period  w hen p ro te in s  are  
a lready  being  abso rbed  in th e  form  o f am ino  acids, a lth o u g h  a t  least a p o rtio n  
of th e  in te s tin a l ep ithe lium  is still c ap ab le  o f absorb ing  p ro te in s . As reg a rd s  
th e  physio log ica l significance of th is  period , i t  is supposed  th a t  th e  an im al 
uses th is  ‘re se rv e ’ ep ithe lium  to  b u ffe r  th e  tem p o ra l f lu c tu a tio n s  o f th e  
co lostrum -feed ing  period an d  to  p ro te c t i tse lf  ag a in st th e  h arm fu l effects o f  th e  
co lostrum . F o r th e  co lostrum  fed a f te r  t ru e  closure exerts  a changed  e ffec t: in 
th e  absence o f cap ac ity  to  absorb  p ro te in , b a c te ria  grow  on th e  u n d ig es ted  
p ro te in s, an d  th e  an im al reac ts  w ith  d ia rrh o ea  ( B a i n t n e r , 1970a).
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SU M M A RY

D igestion  in  th e  in te s tin a l lum en an d  th e  h isto logy  of the  in te s tin a l ep ith e liu m  w ere 
stud ied  in  tw o  non-selective  p ro te in -ab so rb in g  species; new -born  p ig le ts and  k itte n s .

I t  w as fo u n d  th a t  in th e  in testin es o f p ig le ts  in  th e  period  d irec tly  a fte r  f i r s t  su ck ing  
there  w as a large  excess o f t ry p s in  in h ib ito r  a n d  i t  w as generally  im possible to  d e m o n s tra te  
th e  p resence o f p ro teo ly tic  enzym es of p a n c re a tic  orig in . The try p s in  in h ib ito r  c o n c e n tra ­
tio n  in  th e  co lo s tru m  and  in te s tin a l co n ten ts  d ecreased  a t  a ra te  depend ing  on l i t te r  size. 
In  th e  in te s tin e s  o f k itte n s  th e re  was less t ry p s in  in h ib ito r  an d  d igestion  s ta r te d  earlie r th a n  
in  piglets.
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As the  try p sin  in h ib i to r  co n cen tra tio n  declined  th e  p a tte rn  of p ro teases ch ara c te ris tic  
o f su ck ling  anim als g ra d u a lly  developed. The f ir s t  p ro tea se s  to  a p p ea r w ere those  w hich  are 
u n a ffe c te d  by  co lostra l t ry p s in  inh ib ito r. T ry p sin  a p p ea red  sim u ltan eo u sly  w ith  th e  d is­
a p p ea ran c e  of try p sin  in h ib i to r  from  th e  in te stin e . A t th e  sam e tim e  p ro te in u ria  ceased  and 
eosinophilic  drop lets v an ish ed  from  th e  en te ro cy tes .

Some age-d ep en d en t q u a n tita tiv e  and q u a lita tiv e  changes also occurred  in  th e  p ro te o ­
ly tic  a c tiv ity  in d ep e n d en tly  o f th e  effect o f c o lo s tra l t ry p s in  in h ib ito r.

T he p ro tec tio n  of m a te rn a l an tibodies d u rin g  non-selective  p ro te in  ab so rp tio n  can  be 
sa tis fac to rily  exp lained  b y  th e  presence of t ry p s in  in h ib ito r . In  p ig le ts a n d  k itte n s  th e  cessa­
t io n  o f p ro te in  a b so rp tio n  is due  no t so m uch  to  th e  loss o f ab ility  to  absorb  p ro te in s  ( tru e  
c losure) as to the  s ta r t  o f p ro te in  d igestion (a p p a re n t closure).
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РЕЗЮ М Е

Д А Н Н Ы Е  К М ИНЕРА ЛЬН ОМ У СОСТАВУ К О П Ы ТН О ГО  РОГА К РУ П Н О ГО  
РОГАТОГО СКОТА, ОВЦЫ И СВИ Н ЬИ

А. Б. КОВАЧ и М. СИЛАДИ

Определялись содержание Са, Р , Mg, Na, Fe, Zn и Cu в здоровом копытном рогу 
крупного рогатого скота, овцы и свиньи. Данные собраны в таблицах и сравнены с дан­
ными других авторов. Полученные значения считаются характерными для вида и породы 
и будут использованы в последующих исследованиях, как  исходные таковые, когда авторы 
будут изучать минеральный состав копытных рогов животных разных пород в разных 
условиях кормления и содержания и рогов, показывающих патологические изменения.

С РА В Н И Т Е Л ЬН О Е  И ЗУ Ч Е Н И Е  П О В Е Д ЕН И Я  БИОПЛАСТИЧЕСКИХ И
М ЕТА Л ЛИ ЧЕСКИ Х  ИМ ПЛАНТАТОВ КОСТНОМОЗГОВОЙ ПОЛОСТИ 

к. ШОМОДЬВАРИ и Н. ХОРВАТ

При экспериментальных переломах бедренной кости морской свинки и собаки для 
фиксирования концов перелома авторами применялся биопласт, способный к рассасыва­
нию. Обнаружено, что химически соответственно обработанные биопластовые винты в 
костномозговой полости ведут себя тканедруж ески и в зависимости от предварительной 
обработки после данного времени рассасываю тся. Описываются сопровождающие расса­
сывание тканевые явления и констатируется, что последние более благоприятны, чем явле­
ния при употреблении металлических винтов. Согласно наблюдениям биопласт благо­
приятно действует на регенерацию кости и костномозговой полости и образование костной 
мозоли. Ведется работа на получение биопласта нужной прочности и замену металлических 
винтов биопластом.

И ЗБИ РА Т Е Л Ь Н А Я  П И Т А Т Е Л ЬН А Я  СРЕДА Д Л Я  И ЗОЛЯЦ И И  
CORYNEBACTERIUM  PY OG EN ES 

д ь . СЕМЕРЕДИ

Докладывается об избирательной питательной среде для изоляции C o rin eb acte riu m  
pyogenes, содержащей 1230МЕ/мл Полимиксина Б  и 0,01%  теллурита калия. Т еллурит 
калия тормозит размножение полимиксинрезистентных штаммов протея.

Среди изученных микроорганизмов размножение рож и свиней и энтерококков не 
удается полностью задерж ать, но поскольку последние при температуре 39 °С образуют 
видимые черноватые колонии уже после одних суток, их можно легко отдифференцировать 
от колоний С. pyogenes, которые становятся видимыми после 2—3 суток и обладают 
коричневатым цветом.

Описанная избирательная среда удобна для диагностической изоляции С. pyogenes 
из загрязненного микробами экссудата и гнойного материала.

Б О Л Е ЗН Ь  МЭДИ (Х РО Н И ЧЕС К А Я  П РОГРЕССИВН АЯ И Н ТЕРСТИ Ц И А Л ЬН А Я  
П Н Е В М О Н И Я )С Р Е Д И  О ВЕЦ В ЕН Г РИ И

Т. ШЮВЕГЕШ и А. СЕКИ

Вирусное заболевание «мэди» (хроническая прогрессивная интерстициальная 
пневмония) обнаруж ена в трех поголовьях мериносных овец весной 1972 г. П оскольку 
заболевание в стране до сих пор не регистрировали, каж ется вероятным, что оно сюда
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попало с импортными животными. Наиболее заметными клиническими симптомами явились 
т я ж ел ая  прогредирующая одышка, учащение ды хания и сильное исхудание. Болезнь не 
поддается лечению и всегда заканчивается летальным исходом после 2—6 месяцев. При 
вскрытии бросается в глаза увеличение легких при весе 1600— 2000 г, вместо 600— 800 г. 
В них видны обширные ателектиатические территории с милиарными серовато-розовыми 
очагами и увеличение перибронхиальных лимфоузлов с гиперплазией. Микроскопическая 
картина изменений легких совпадала с таковой хронической прогрессивной интерстици­
альной пневмонии, сопровождающейся формированием лимфоузлов, пролиферацией 
альвеолярного бронхиолярного и бронхического эпителия и возникновением аденоматоз­
ных изменений. Ц ентральная нервная система была тож е поражена: налицевствовали не­
гнойной энцефалит и сопровождающий его глиоз. Болезнь является сильно инфекционной 
и вызывает большой экономический ущерб. Министерством сельского хозяйства и пищевой 
промышленности издано распоряж ение, согласно которому пораженные поголовья должны 
быть декларированы закрытыми и изданы инструкции на предупреждение распростра­
нения заразы .

О К  С ЕРО ГРУ ПП Ы  И КИШ ЕЧНУЮ  П ЕТЛ Ю  РАСШ ИРЯЮ Щ ИЙ ЭФ Ф ЕКТ
К О Л И Б А Ц И Л Л Е ЗН Ы Х  ШТАММОВ, И ЗО Л И РО В А Н Н Ы Х  И З СВИ Н ЬИ

Г. ШЕМЙЕН и Л. ПЕШТИ

Всего 92 колибациллезных штамма от свиней изучено на принадлежность к серо­
логической группе ОК и среди них 86 штаммов проверено на кишечную петлю расширяю­
щее действие. Среди 60 штаммов, изолированных из поросят, страдающих колибациллез- 
ным поносом и колибациллезной энтеротоксимией, 42 (68,3%) принадлежало к  серогруп- 
пам 0147  : К88ас и 0149 : К91, К88ас, которые до сих пор не были обнаружены в Венгрии. 
Среди остальных 18 штаммов 9 принадлежали к некоторой из 6 дальнейших серогрупп, 
остаток штаммов неподдавался типизации или представляли собой форму R. 91% штам­
мов, изолированных из болеющих упомянутыми выше болезнями животных, обладали ки­
шечную петлю расширяющим действием.

Среди 12 штаммов из животных с отечной болезнью 7 принадлеж али к серотипу 
0139 : К 82 и за исключением одного (0138 : К81) они не обладали кишечную петлю рас­
ширяющим действием. Большинство изолятов изздоровых животных и таковы х от больных, 
но не колибациллезом, не поддавались типизации имеющимися в распоряж ении сыво­
ротками и не вызывали накопления жидкости в изолированной лигатурами кишечной 
петле.

И ЗУ Ч Е Н И Е  ЭНТЕРОПАТОГЕННОСТИ, КИШ ЕЧН УЮ  ПЕТЛЮ  РАСШ ИРЯЮ Щ ИЙ 
Э Ф Ф Е К Т  И ЭН ТЕРО ТО КСИ Н  П РОДУ ЦИ РУЮ Щ ЕЙ  СПОСОБНОСТИ ШТАММОВ 
E SC H E R IC H IA  COLI, И ЗО Л И РО В А Н Н Ы Х  И З Б О Л Ь Н Ы Х  ЭНТЕРИТАМ И СВИ Н ЕЙ

Л. ПЕШТИ и Г. ШЕМЙЕН

Среди 58 штаммов Е . coli, изолированных из больных колибациллезной дизентерией 
или колибациллезной энтеротоксимией свиней, 91,4%  вызывало расширение изолированной 
лигатурами свиной кишечной петли. Таким образом проба с петлей является  удобным 
способом доказательства энтеральной патогенности колибациллезных изолятов. Резуль­
таты пробы с кишечной петлей согласовались с эпизоотологическими наблюдениями и 
результатами экспериментов зараж ения через рот. И з всех изолятов обоих типов болезни 
in v i tro  методом удалось получить один экстрацелюлярный термостабильный и один термо­
лабильны й интрацелюлярный энтеротоксин. З а  исключением одного среди 11 штаммов, 
изолированных при отечной болезни, ни один не расш ирял изолированную петлю и не 
продуцировал ни термолабильного, ни термостабильного токсина.

Дискутируются гипотезы патомеханизма диареи.

С РА В Н И Т Е Л ЬН О Е  И ЗУ Ч Е Н И Е  Р А ЗН Ы Х  СПОСОБОВ К О Н С ЕРВ И РО В А Н И Я
КОМ ПЛЕМ ЕНТА

Г. НАДЬ и Д. ФОДОР

Изучен эффект разны х стабилизаторов активности холодом высушенного компле­
мента путем сравнения с лиофилизированным комплементом без стабилизатора. Стабили­
затор M gS 04 +  C a d , обладал наилучшим консервирующим эффектом: консервированный
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им комплемент был активным даж е в разведении 2,4% после хранения один год. Десять 
партий лиофилизированного комплемента, приготовленного использованием M gS04 +  
+  CaCl, для рутинного использования, оказались подобным образом активными. Поэтому 
авторы для стабилизации лиофилизированного комплемента рекомендуют смесь M gS04 и 
CaClj.

М И Н ЕРА Л ЬН Ы Й  СОСТАВ КОП Ы ТН ОГО  РОГА С В И Н ЕЙ  РА ЗН Ы Х  П ОРО Д
И ВОЗРАСТА

А. Б. КОВАЧ и М. СИЛАДИ

Изучено содержание фосфора, натрия, магния, кальция, меди, олова и ж елеза 
копытного рога свиней пород корнвал и К А —Х И Б, дальше, поросят пород корнвал, 
дюрок и герцегхаломского гибрида (всего 167 животных). О бнаружено, что перечисленные 
элементы в копытном роге корнвал и К А —Х И Б  имеются в неодинаковой концентрации.

Образцы для исследования брались от трех разных, анатомически и функционально 
типичных частей (венчик, роговой край подошвы и стрелка) и разное распределение пере­
численных элементов было консеквентным. Разница в концентрации элементов в отдель­
ных анатомически отличимых участках рога была больше, чем между теми ж е участ­
ками разных пород. В копытном роге поросят перечисленные элементы были в высшей кон­
центрации, чем в роге взрослых свиней.

Ф И ЗИ ОЛОГИЧЕСКА Я РО Л Ь КОЛОСТРАЛЬНОГО И Н ГИ БИ ТО РА  ТРИПСИНА: 
ЭКСП ЕРИ М ЕН ТЫ  НА ПОРОСЯТАХ И КО ТЯТА Х

К. БАНИТНЕР

Изучен кишечный просвет и гистология кишечного эпителия у двух видов, неселек­
тивно абсорбирующих белок: новорожденных поросят и котят.

Обнаружено, что в кишечнике поросят непосредственно после первого сосания 
имеется большое количество ингибитора трипсина и, таким образом, обычно невозможно 
доказать наличие протеолитических энзимов панкреатического происхождения. Концент­
рация ингибитора трипсина в молозиве и кишечном содержимом соразмерно с величиной 
помета понижается. В кишечнике котят имеется меньше ингибитора трипсина и пищева­
рение начинается раньше, чем у поросят.

По мере понижения концентрации ингибитора трипсина постепенно развивается 
характерный для сосунов состав протеаз. Первыми появляю тся протеазы, на которых 
ингибитор трипсина не действует. Трипсин появляется симультанно с исчезновением инги­
битора трипсина из кишечника. К  тому ж е времени прекращ ается протеинурия и эозино­
фильные капли исчезают из эритроцитов.

Наблюдаются и возрастом обусловленные количественные и качественные изменения 
в протеолитической активности, независимо от действия колострального ингибитора 
трипсина.

Защиту материнскими антителами в период неселективной абсорбции протеина 
можно достаточно объяснить наличием ингибитора трипсина. О становка всасывания про­
теина у поросят и котят является не так  потерей этой способности, а началом переварива­
ния белка.
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The ra te  of subscription is $ 24.00 a volum e.
Orders m ay be placed w ith “ Kultúra” Foreign Trade C om pany for Books and News­
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Предназначенные дл я  публикации рукописи следует направлять по адресу: 
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П о этому ж е адресу следует направлять всякую  корреспонденцию для редакции 
и администрации. П одписная цена —  $ 24.00 за том.

Заказы  принимает предприятие по внешней торговле книг и газет «Kultúrán 
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OCCURRENCE OF SALMONELLAE 
IN FOOD PRODUCTS OF ANIMAL ORIGIN 

IN CALENDAR YEAR 1971*

By

J .  T a k á c s  an d  G y ö r g y i  В. N a g y  

Cen tra l L a b o ra to ry  of V eterinary  M eat C ontro l Service (H e ad : J .  T akács) 

(Received M ay 28, 1972)

T he Central L a b o ra to ry  of the  V e te r in a ry  Meat C on tro l Service has been  
concerned  for m ore t h a n  25 years w ith  th e  iden tif ica tion  of  Salmonella s tra in s  
d isp a tch ed  from d if fe ren t  ve te r inary  fields, especially th o se  occurring in food­
stuffs  and  w ith  th e  collection and pub l ica t io n  of d a ta  on  th is  work ( T a k á c s  

a n d  N a g y , 1969). A fu r th e r  aspect of these  activities is m ak in g  com parison 
of Salmonellae d e r iv ed  from medical fields and  h u m a n  sources with the  Sal­
m onellae  isolated f ro m  animals or an im a l  origined foods. This co m para tive  
w ork  has often t a k e  notice  of or call a t te n t io n  to  l inks in the  salmonella 
in fec tive  p a t te rn  t h a t  m ight be im p o r ta n t  in d im in ish ing  th e  am oun t of 
salm onella  co n tam in a t io n s .

W ith in  the  n a r ro w e r  scope of th e  v e te r in a ry  h e a l th  service proper w ork  
is concerned w ith  d e te c t in g  and, e v e n tu a l ly  erad ica ting  sources of infection, 
a n d  with  ensuring t h a t  condem ned m ate r ia ls  of an im al  origin do no t reach  
th e  m arke t .

T he  most a rd u o u s  ta sk  is w ith o u t  d o u b t  t h a t  of e l im in a t in g  the infective 
link  from  one a n im a l  t o  the  nex t  in th e  contagious cha in . Because the  m a in  
sources of S. in fec t ion  am ong l ivestock, pa r t icu la r ly  u n d e r  intensive rea r in g  
conditions, are c o n ta m in a te d  feed a n d  th e  env iro n m en t ,  th e  difficulties here  
are acu te .  H u n g a ry  is unable  to p roduce  sufficient an im a l  p rotein  feed to  
m ee t  th e  dem ands  of  its  intensive u n i ts  so the  c o u n try  is forced to  re ly , in 
p a r t ,  on im ports  o f  m e a t- ,  blood-, fish-, an d  bone-m eal f rom  abroad, m a in ly  
from  S ou th  Am erica . T h e  ex ten t to  w h ich  these feeds a re  co n tam ina ted  has  
been  inves t iga ted  b y  N y i r e d y , T a k á c s  an d  N a g y  (1966).

K a m p e l m a c h e r  e t  al. (1965) h a v e  ascerta ined  t h a t  an im al feeds need  
to  be  h e a t - t re a te d  for  a t  least 30 m in u te s  a t  8 0 —85° to  safely  kill Salmonellae 
w i th o u t  significant de te r io ra t ion  in  th e  q u a l i ty  of th e  feed. This is the  m e th o d  
of choice for th e  p ro d u c t io n  of pe l le ted  and  g ra n u la te d  feeds, for overa ll

* L ecture  d e liv e red  a t  Siófok, H u n g a ry  5 th  M ay, 1972 to  m a rk  th e  15th Jub ilee  D a y s  
o f P u b lic  H ealth .
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262 TAKÁCS and NAGY

secu r i ty  should idea lly  be  achieved b y  h e a t - t r e a tm e n t  a n d  n o t  rest on m icro ­
biological control.

A nother m a jo r  source of m ass S. infection in in ten s iv e  farm ing is th e  
fo rm a tio n  of new a n im a l  groups acco rd ing  to  weight or s ta g e  of  deve lopm ent.  
(T his  m ethod  is no longer  used in H u n g a ry .)  W ith  each  new  group fo rm ed  
th e  proportion  of sym ptom less  carr ie rs  a n d  excretors increases, and  i f  th e  
an im als  are fu r th e r  sub jec ted  to  som e deficiency in  feed ing  or o ther  k in d  
o f  stress, the  n u m b e r  of  la te n t  in fec tions in  a susceptible h e rd  doubly  exposed  
to  infection, can m o u n t  very  ra p id ly .  Im p ro p e r  han d l in g  o f  animals d u r in g  
t r a n s p o r t  to  th e  s lau g h te rh o u se  is a g a in  a debili ta ting  f a c to r  which can lead  
to  a significant inc rease  in th e  n u m b e r  of co n tam in a ted  anim als  ju s t  p r io r  
to  s laugh ter  ( T a k á c s , 1971).

Through sy m p to m less  carriers  a n d  excretors, S. co n tam in a t io n s  m a y  
h a v e  get fu r the r  o p p o r tu n i ty  to  s p re a d  during the  p rocessing  of carcases , 
especially  where th e  hygienic  cond it ions  are in adequa te .

In  H u ngary  l i t t le  food of an im al  orig in  is eaten raw , w h y  n o t  the  n u m b e r  
of  epidemic food poisonings b u t  f i r s t  o f  all an increasing in  the  n u m b er  of  
sym ptom less  carr ie r  persons occurs.

Meat inspection  is in tended  to  se lect the  m ea t  of t h e  anim als  in w h ich  
clinical sym ptom s or patho logical changes  indicate th e  p resence  of p r im a ry  
p a ra ty p h o id  infection. T he  t ra d i t io n a l  macroscopic m e th o d s  of m eat con tro l  
how ever ,  are u n s u i ta b le  for the  m e a t  o f  those  animals w hose  la te n t  c o n ta m i­
n a t io n  can be a t t r i b u t e d  to  sy m ptom less  S . carrier ( T a k á c s  and  S i m o n f f y , 

1970).
Therefore we w o u ld  like to  o rgan ize  an  in fo rm ation  service betw een  th e  

f a rm  and  the  m e a t  in sp e c to r  a t  th e  a b a t to i r .  This aims a t  t h e  separa te  s la u g h ­
te r in g  of S. in fec ted  an im algroups  a n d  a t  th e  special care  in  th e  l im ited  a n d  
re g u la te d  use of th e  m e a t  of these  an im a ls .  This regu la t ion  is still in an  ea r ly  
s tage ,  though  of im m e n se  im p o r tan ce  w here  pigs and  p o u l t r y  are concerned .

Processing p o u l t r y  a t  s laugh ter-houses  the  problem  is t h e  cooling m e th o d  
u s in g  ice-water b ecau se  if  the  n u m b e r  of S. carrier is h igh  entire b a th  of  
carcases  may cause  a surface c o n ta m in a t io n  with Salm onellae . T here  are  
ex per im en ts  for cooling w ith  show er a n d  there  are co u n tr ie s  where th e  ice- 
w a te r  cooling is a l low ed only for a def in i te  period.

I t  can he d im in ished  only b y  a co ncer ted  effort in  th e  field of h u sb a n d ry ,  
in d u s tr ia l  processing a n d  m ark e t in g  as well for e l im in a t in g  the  infective 
sources as far as possib le . In  p re se n t  c ircum stances th e  n u m b e r  of S. c o n ­
ta m in a t io n s  can be d im in ished  b u t  com ple te ly  it  c o u ld n ’t be e lim inated  in 
coun tr ies  with d eve loped  hygienic e i th e r ,  where the  c o n tro l  against S a lm o ­
ne llae  has old t r a d i t io n s .  The aim is to  reduce the  n a tu r a l  S. infections to  
a m in im um .

The dim inishing o f  the n u m b e r  o f  S. infections m u s t  be p lanned a n d
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co o rd in a ted  w ith  th e  resources a n d  m u s t  em brace all links of th e  infective 
chain .

A p a r t  of th is  falls on the  v e te r in a ry  h ea lth  service, the re  is a com m on  
fie ld  of  v e te r in a ry  and  public h e a l th  b u t  th e  ta sk  of  ag r icu ltu ra l  f ie ld  isn ’t  
less e ither .

T h e  in fo rm ativ e  work is of g rea t  im portance . This  m u s t  cover hygiene  
in  b reed ing  and  feeding, en v iro n m en ta l  hygiene, t r a n s p o r t ,  p rocessing a t  
s la u g h te r  a n d  in  th e  m ea t  in d u s try ,  s to rage , p rese rva tion  a n d  food-sale.

R esults

T h e  d a ta  for 1971 on S. iso la tions in this la b o ra to ry  from sam ples of 
an im al  origin is p resen ted  below in  T ab le s  I —V II .

T h e  n u m b e r  of S. stra ins iso la ted  from  th e  in d iv idua l  sam ples is s u m ­
m arized  in T ab le  I.

T able  I

D istrib u tio n  of Salm onella species iso la ted  from  various te s t  m ateria ls in 1971

Sam ple N o. o f  
c o n tam in ed  

sam ples

P e rcen tag e  o f 
a ll iso lations

(1.427)G roup Species

C om plem entary pig 541 37.91
bacterio logical cattle 23 1.61
m ea t exam ina- calf 3 0.21
tio n horse 1 0.07

goose 97 6.79
duck 3 0.21
chicken 1 0.07

M eat p ro d u c ts salted , sm oked an d  dried
and  m eat- sausages 77 5.39
in d u s try  contro l sem i-prepared m ea t p roducts 177 12.40

ready-for m ark e tin g  m ea t prod-
uc ts 63 4.41

sam ples for hygienic contro l 296 20.72

R aw  m ateria ls liver 35 2.45
for m eat m eat 70 4.90
products lard 1 0.07

gut 8 0.56
plasm a 2 0.14

A nim al p ro tein m eat meal, fish  m eal 24 1.68
feeds

M iscellaneous
m ateria ls of
an im al and
o th er origin 5 0.35

T h e  d is t r ib u t io n  of these species is shown in T ab le  I I .
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Table I I

D istrib u tio n  o f Salmonella species in  sam ples exam ined in  1971

S a lm o n e lla  species
N o. of 

iso la tions
P e rcen tag e  o f 
a ll isolations

(1.427)

More th an  100 S . anatum 452 31.67
cases S . cholcrae-suis 367 25.71

S . typhi-m urium 122 8.54

10 — 100 cases S . derby 98 6.86
S . meleagridis 67 4.69
S . manhattan 38 2.66
S . reading 34 2.38
S . kapemba 29 2.03
S . senftenberg 26 1.82
S . bareilly 21 1.47
S . infantis 20 1.40
S . enteritidis 16 1.12
S . panam a 15 1.05
S . brandenburg 15 1.05
S . heidelberg 12 0.84
S . give 12 0.84
S . london 11 0.77

3 — 10 cases S . abony 7 0.49
S . bradford 5 0.35
S . ehester 5 0.35
S . m ission 5 0.35
S . taksony 5 0.35
S . abony var. haifa 4 0.28
S . bredeney 4 0.28
S . isangi 4 0.28
S . epicrates 4 0.28
S . Stanley 3 0.21
S . Worthington 3 0.21
S . minnesota 3 0.21

2 cases S . kilwa 2 0.14
S . para typh i-В 2 0.14
S . livingstone 2 0.14
S . menston 2 0.14
S . senftenberg var. newcastle 2 0.14
S . havanna 2 0.14

1 case S . coeln 1 0.07
S . montevideo 1 0.07
S . thompson 1 0.07
S . typhi-suis 1 0.07
S . kottbus 1 0.07
S . newport 1 0.07
S . dublin 1 0.07
S . westhampton 1 0.07

Table  I I I  gives th e  d is tr ibu tion  b y  h o s t  species a n d  sero types of th e  S. 
species found in th e  course  of m eat inspections.
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Table III

Salm onella special isolated a t  the  com plem entary  bacteriological m eat exam ination  of m eat anim als in 1971

Salm onella  species 
an d  sero types

Pig C attle Calf H orse Goose D u ck C hicken

> 1 0 3 10 2 1 3 - 1 0 2 1 1 1 > 1 0 3 10 1 3 10 ■
c a s e s

B S. abony
S. abony va r. haifa  
S. brandenburg 
S. coeln

3

2
1

l

S. derby 15 2
S. heidelberg 
S. reading 
S. typh i-m urium 13

4
3

9 l

l

70 3 l

Cj S. bareilly
S. cholerae-suis 358 2 l

18

S. isangi 1
S. m ission  
S. typhi-suis

3
1 l

C , S. hottbus 1
S. manhattan 8

D j S. dublin l
S. enteritidis 
S. kapemba

7
1

4

E j S. anatum  
S. london

102
L

2 8

S, meleagridis 
S . westhampton

12
1

E 4 S. senftenberg 5 2

No. of isolates 5 7 1 6 2 4 2 3 l 2 1 1 l l

T ota l
3 l l l

19 species 8 species spe- spe- 4 species spe- spe-
cies cies cies cies
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Table IV

Salmonella species iso la ted  from  m eat in d u stria l raw  m ate ria ls  in 1971

Salm onella species 
and  serotypes

L iv er M eat L a rd Gut P lasm a

> 1 0 3 10 2 1 > 1 0 3 - 1 0 2 1 1 3 - 1 0 1 2

cases

в S. brandenburg 

S . bredeney 2

1 9

S . derby 5 5

S. Heidelberg 1 3 1

S. reading 

S . typhi-m urium

2 3

2

6

Cl S . bareilly 1

S . cholerae-suis 

S. infantis 

S . isangi 

S . montevideo

2

1

2

1

2

S. thompson 1

C 2 S. newport 1

Di S. enteritidis 1

S . panam a 1 1

E i S. anatum  

S . epicrates 

S. london

19 31

5

1

l

S . meleagridis 1

e 4 S . senftenberg 

S. taksony

3

1

N o o f isolates 1 1 3 5 l 6 2 7 l l 2 1

l 3 1

T o ta l 10 species 16 species spe- species spe-

cies cies

Table  IV details  th e  S. species (and th e ir  serotype) t h a t  were cu ltu red  
f ro m  raw  m ateria ls  in th e  m e a t  in d u s try .

The com parab le  d a ta  are given in T ab le  У for S. species cu l t iv a ted  from 
m e a t  p roducts , and  in T ab le  У I for species iso lated  from sam ples  for hygienic 
con tro l ,  animal feeds a n d  o th e r  samples.

The d is tr ibu tion  b y  se ro types of all iso lated  Salm onellae  is sum m ed up  
b y  Tab le  V II.
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T ab le  V

Salm onella  species iso la ted  from  m ea t p ro d u c ts  in  1971

Salm onella  species

Salted , sm oked 
an d  dried  sausages

S em i-p repared  
m ea t p ro d u cts

R e a d y  for m ark e tin g  
m e a t  p ro d u cts

an d  sero types
> 1 0 3 - 1 0 2 1 > 1 0 3 - 1 0 2 1 > 1 0 3 - 1 0 2 1

c a s e s

в S . abony 

S. bradford 1

1

S . brandenburg 1 1 1

S . ehester 

S . derby 

S . heidelberg 

S . paratyphi-В  

S . reading

17

2

1

7

20

2

1

S . Stanley 

S . typhi-muri-

1

um 4 2 6

Cl S . bareilly 1

S . cholerae-suis 

S. infantis 

S . isangi

12

2

1 2

1

C2 S . manhattan 3 8

D . S. kapemba 5

S . panam a 6 1

E i S. anatum  

S . epicrates 

S . give 

S . london

11

1

139

1

26

1

S . meleagridis 12 12 1

e 4 S. senftenberg 1

L S. minnesota 1 1

No of isolates 4 4 1 5 2 2 2 7 2 1 2 7

T otal 14 species 13 species 12 species
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Table VI

Salmonella species iso lated  a t  th e  hygienic conditions d e tec tin g  exam inations 
an d  from  anim al p ro te in  feeds and  m iscellaneous m ateria ls of an im al an d  o th er origin in 1971

Salm onella species 
and sero types

Sam ples o r hygienic  
co nd itions d e tec tin g  

ex am in a tio n s

A n im al p ro te in  feeds

m ea t-m ea l
fish -m ea l

M iscellaneous 
m a te ria ls  o f 
an im a l an d  
o th e r  origin

1 I 3-10

c a s e s

B S. a b o n y

S. abony var. haifa  

S .  bradford 

S .  bredeney 

S .  ehester 

S. derby 

S .  heidelberg 

S .  kiliva 

S .  Stanley 

S .  typhi-m urium

Cx S .  b a r e i l ly

S .  c h o le r a e - s u is  

S .  i n f a n t i s  

S .  i s a n g i  

S .  l iv in g s to n e  

S .  m e n s to n  

S .  m is s io n

C 2 S .  m a n h a t ta n

D i S .  e n te r  it  i  d i s

S .  k a p e m b a  

S .  p a n a m a

E j S .  a n a tu m  

S .  e p ic r a te s  

S .  g iv e  

S .  lo n d o n  

S .  m e le a g r id is

E 4 S .  s e n f te n b e r g

S .  s e n f te n b e r g  v a r .  

n e w c a s tle

44

11

19

23

108

11

29

15
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Salmonella speciej  
a n d  sero types

Sam ple s  or  hygien ic  
co n d it io n s  d e te c t in g  

e x a m i n a t i o n s

A n im a l  p r o te in  feeds Misce llaneous 
m a te r ia ls  of 
a n im a l  a n d  
o t h e r  origin

m e a t -m e a l
fi sh -mea l

> 1 0 3— 10 2 1 3— 10 2 1 3— 10 1

c a  s n  s

G о S. taksony 

S. Havana 

S. Worthington

L S . minnesota

4

2

1

3

No. of isolates 8 6 4 6 3 6 2 l 1

T otal 24 species 11 species 2 species

D iscussion

During 1971 a tota l of 1427 S. strains of 43 species were identified in th is  
laboratory. The m ost frequently occurring species were S. anatum, S. cholerae- 
suis  and S. typhi-m urium , each of which was cultured in more than 100 cases. 
Species isolated for the first tim e in H ungary during the year were: S. mission , 
in 5 cases (from pigs, cattle, and a sam ple for hygienic control); S. abony var. 
haifa in 4 cases (from cattle and a sam ple for hygienic control); S. epicrates 
in 4 cases (from m eat imported from W est Germany, sausage and a sam ple 
for hygienic control); S. kilua  in 2 cases (from sam ples for hygienic control); 
S. menston in 2 cases (from m eat-m eal of French origin); S. havanna in 2 cases 
(from samples for hygienic control); and S. coeln in 1 case (from a pig).

W ith regard to  frequency o f occurence in the ind ividual host species, 
the com m onest salm onellas in pig were S. cholerae-suis and S. anatum , and  
altogether 19 S. species were isolated. In cattle S. typ i-m urium  and S. enteri- 
tidis  predom inated, and altogether 8 species were isolated . No particular strain  
can be recorded for calves because on ly  3 species were iso lated , each in a single  
case. The situation is similar w ith th e  horse, from which one species was iso­
lated again in a single case only. S. typhi-murium  and a long w ay back S. 
hareilly were the species found m ost frequently in geese; altogether 4 species 
were isolated. In ducks as well as in chicken only S. typhi-m urium  was found.

The liver and m eat samples were taken m ostly from im ported, frozen  
lots. Fourteen species occured in preserved m eat products (i.e. salted, cold  
sm oked and dried) under H ungarian Standard 5857-70. Investigation  of raw, 
smoked sausage for the presence o f salm onella is com pulsory.

Sampling of sem i-cooked products during m anufacture revealed 13 S. 
strains, while sam ples of ready-cooked m eat products yielded 12 strains.

A cta  Veterinaria Academ iae Sc ien tia ru m  H ungaricae 23, 1973
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Table VII

D istribu tion  of Salm onella serological О-groups in 1971

C o m plem entary  bacterio logical m ea t e x am in a tio n  o f m ea t an im als C ontro l o f  m e a t p ro d u cts  an d  in  th e  m ea t in d u str ia l p la n t

O -antigens
P ‘g c a tt le ca lf horse goose d u ck ch icken

S a lted , 
sm oked  and  

dried
sausages

Sem ipre- 
p a re d  m ea t 

p ro d u cts

R e a d y  for 
m ark e tin g  

m ea t 
p ro d u cts

H ygienic
con tro l

R aw
m ate ria ls  for 

m ea t 
in d u s try

A nim al
p ro te in

feeds

M iscellaneous 
sam ples o f 
a n im a l and  
o th e r  origin

в 41 1 11 11 2 1Г Ч i 70 11 3 1L _ U 1 26 1 и 1 31 1 69 40 1 8 1
C. Г з б П 3 l 18 12 4 3 5 10 5
c . 9 3 8 19 1

Di 8 5 ; 11 1 27 3 2 1 4____ 1
E r 115 2 9 24 1 132 1 28 1 154 11 58 1 4 l
e4 5 2 1 19 4 2

g2 2 3
L 1 1 1

T ota l 541 23 3 1 97 3 1 77 177 63 296 118 24 5

T otal: 1.427 Salm onella species

Legends: I 1 the  m ost freq u en tly  occurring sero type; : th e  second m ost freq u en tly  occurring serotype
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In  th e  l a t te r  class th e  m os t  f req u en t ly  c o n ta m in a te d  fo o d s tu ff  was a special 
raw , sm oked sausage t h a t  is m ostly  p re p a re d  in ag r icu l tu ra l  cooperatives, 
using a technology differing from t h a t  of ind u s tr ia l ly  p ro d u ced  “ G yu la i” 
sausage, Vienna sausage, “ B ácskai”  sausage, greaves a n d  cooked  sm oked ham .

The e x te n t  of c o n tam in a t io n  of sam ples sen t  in  for  hygienic contro l 
underlines  the  need for  constan t ,  d a i ly  disinfection in  s laugh terhouses  and  
th e  m e a t  in d u s try  in  th e  p reven tion  o f  food poisoning.

A nim al p ro te in  feeds co n s t i tu ted  th e  m a jo r  source of new species no t 
p rev iously  isolated in  th e  co u n try  before .  This was th e  ro u te  by  which S. 
Worthington, senftenberg var. newcastle, manilla, tennessee and  Stanleyville 
en te red  H u n g a ry  in p rev ious years a n d  S. menston in 1971. S. Stanley was 
th e  only s tra in  im p o r te d  w ith  an im al feeds whose incidence  increased signifi­
can tly ,  th o u g h  i t  m u s t  be no ted  th a t  ea rlier  experiences show t h a t  s i tu a t io n  is 
no t  necessarily as encourag ing  as th e  figures  m igh t  suggest.  Thus, a lthough  
sp read ing  or S. cubana f irs t  isolated in  1968—69 has been  no ticed  since in  th e  
v e te r in a ry  hea lth  field, th is  salm onella  was th e  cause o f  several ou tb reaks  
of food-poisoning in n u rse ry  schools in  1971 th ro u g h  h u m a n  carriers.

T here  is also a d an g er  of in t ro d u c t io n  of infection  w i th  o the r  im ported  
m a te r ia ls  of an im al origin. In  1970, fo r  exam ple , a S. s t ra in  w ith  th e  4.12 d 
an tigen ic  s t ru c tu re  a n d  n o t  f i t t in g  in to  th e  K a u ffm a n n  — W h ite  scheme was 
iso la ted  in 7 cases from  po rk  im p o r te d  from E ng lan d .  H o b b s  (1969/70) has 
often  isolated th is  s t ra in  in  E n g lan d  in  samples of sym ptom less  salmonella 
excre ting  swine and  p o u l t ry .  I t  is likewise fairly  c e r ta in  t h a t  S. epicrates 
was in troduced  w ith  b ee f  im ported  f rom  th e  G F R .

Im p o rted  frozen liver  and  m e a t  to o  are often  carr ie rs  of S. s tra ins t h a t  
h av e  never, or only ra re ly ,  occurred before  in our sam ples . A significant c u rb ­
ing of S. con tam in a t io n  in feedstuff  of an im al  origin is a t ta in a b le  only th ro u g h  
th e  regu la ted  use of these  substances.

T he  very  f req u en t  occurrence of  S .  anatum  in a lm o s t  every  inves t iga ted  
an im al group is a n o th e r  m a t te r  for concern . As th is  s t ra in  is no t a d a p te d  
to  swine, i t  often p roduces  a sym ptom less  carrier a n d  excre ting  s ta te  in 
th is  species; in fac t,  i f  p o u l t ry  are d is regarded , S. ana tum  occurred a lm ost 
exclusively in swine a t  s laughtering.

According to  these  1971 d a ta ,  m o s t  of th e  iso la ted  S. belong to  sero­
ty p e  B, th o u g h  ty p e  E x were ve ry  co m m o n  as well.

SU M M A RY

In  1971 1427 S. s tra in s , iso lated  from  sam ples o f an im al o rig in , w ere iden tified . The 
m o st f req u en tly  iso lated  s tra in s  were of S . ana tu m , cholerae-suis a n d  typ h i-m u riu m , while 
epicrates, kilw a, menston, havanna  and  coeln w ere found  for th e  f i r s t  tim e  in  H u n g ary . A m ong 
m e a t anim als, pig, an d  am ong  p o u ltry , du ck  a n d  goose, p ro v ed  th e  h o s t  an im als, these  con­
tam in a tio n s  beeing a ttr ib u ta b le  p rim arily  to an im al p ro te in  feeds. A fu r th e r  source of S. 
in fec tion  was th e  im p o rte d  frozen m ea t an d  liver.
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COMPARISON
OF HAEMOLYSIN PREPARATIONS OBTAINED 

BY DIFFERENT METHODS

By

G. N a g y , D. F odor  and J .  Sz a t h m á r y  I

P H Y L A X IA  V e te rin a ry  Vaccines and  N u trim e n ts  P ro d u c tio n  Co. 

(G eneral D irecto r; J . Mo ln á r ), B u d ap es t 

(R eceived Ju n e  5, 1972)

To p repare  haem olysin  in  ra b b its  for th e  com plem en t f ix a tio n  (C F) te s t, sheep e ry th ro ­
cy tes are ad m in istered  e ith e r alone or in  co m b in a tio n  w ith  a n ti-re ticu lo cy te  serum  or sheep 
serum . Marshall (1947) in jec ted  ra b b its  in trav en o u s ly  w ith  5 m l o f  a 10%  sheep e ry th ro cy te  
suspension on 5 or 6 occasions a t  5-day in tervals . Orlov  (1954, 1963) used  rising in trav en o u s 
doses of sheep e ry th ro c y te s  on 5 occasions a t  3-day in te rv a ls : th e  in itia l dose was 0.5 ml 
and  each su b sequen t dose w as risen  by 0.25 m l, d ilu ted  in  2.5 m l saline th ro u g h o u t. H a ll- 
mann  (1955) gave th ree  in tra v en o u s  doses — 2.0, 1.5 an d  1.0 m l —  a t  5- to  6-day in te rv a ls . 
Ma n n in g e r  (1960) recom m ended  th ree  in trav en o u s  doses of 3— 5 m l, a t  2- to  4-day in tervals .

B ogomolec (1954) sensitized  ra b b its  in a d d itio n  to  th ree  1.5 m l-doses of a 50%  sheep 
e ry th ro c y te  suspension w ith  th ree  in trav en o u s doses, 1 ml each, of an ti-re ticu lo cy te  serum  
( titre , 1 ; 20). McAr t h u r  an d  K olm er (1955) em ployed a m ore com p lica ted  schem e of sen­
sitiza tio n , lasting  fo r fo u r weeks. The anim als were given 0.5 m l sheep serum  on th e  f irs t 
d ay  of th e  week, 1.0 m l on th e  second day and  0.2 m l on each su b seq u en t day  excep t for th e  
s ix th , fro m  w hich onw ards 1.0, 2.0, 3.0 and  4.0 ml of sheep e ry th ro c y te  suspension were 
ad m in iste red  in trav en o u s ly . In jec tio n s of th e  e ry th ro cy te s  an d  serum  were sep a ra ted  by  
30 m in u te s  from  each  o th er. R u g e  (1960) used a sim ilar techno logy , w hich is described in 
de ta il u n d e r M aterials and  M ethods.

In  this la b o ra to ry  haem olysin  p rep a ra t io n s  o b ta in ed  by nine different 
m e thods  were com pared .

Materials and  Methods

(see Table)
Preparation o f  haemolysin

I.  O rlov’s m e th o d  (1954, 1963). T hree  t im es w ashed  sheep e ry th rocy tes  
were adm in is te red  to  ra b b i ts  in doses of 0.5, 0.75, 1.0, 1.25 and  1.5 ml each 
d ilu ted  in 2.5 ml saline a t  in te rva ls  of 2 or 3 days. T he  to ta l  dose of packed  
e ry th ro cy tes  was 5 ml for each rab b i t .  The anim als were exsangu ina ted  seven 
days a f te r  the  la s t  inoculation .

I I .  R u g e ’s schedule  (1960) w ith o u t  adm in is te r ing  serum . A 10%  sheep 
e ry th ro cy te  suspension was used for sensitization , in doses o f  1, 2, 3 and  4 ml, 
adm in is te red  a t  2- o r  3 -day  in tervals . T he  ra b b i ts  were b led  7 days a f te r  the  
last  inoculation . F o r  fu r th e r  details see p a ra g ra p h  IV.
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Table I

Schedu le  o f sen sitiza tio n

w eek H ig h est
M ean
t i t r eM ethod

No. In o cu lu m
T o ta l

volum e 1. 2. 3. 4. 5. t io n  s till  
p ro d u cin gin m l d ay com ple te
haem olysis

1. 3. 6. 8. 10. 13. 15. 17. 20. 22. 24. 27.

I. Sheep e ry th rocy tes 5.0 0.5 0.75 1.0 1.25 1.5 ch. 2 000
5 000
6 000 
8 000 
8 000

1 : 5800

II . Sheep e ry th rocy tes 1.0 1.0 2.0 3.0 4.0 ch. <  100 
1 000
2 000
4 000
5 000

1 : 2 420

I I I . Sheep e ry th rocy tes 3.0 1.0 2.0 3.0 4.0 5.0 ch. <  100 
3 000 
8 000 

10 000 
15 000

1 : 7 220

IV. Sheep serum  -f  sheep 8.1 0.5 1.0 0.2 0.2 0.2 0.2 0.2 0.2
ch.

10 000
ery th ro cy tes from  dif­
fe ren t donors

1.0 1.3 1.8 2.3
1.0 2.0 3.0 4.0

10 000 
25 000 
25 000 
25 000

1 : 19 000

V. Sheep serum  +  sheep 8.1 0.5 1.0 0.2 0.2 0.2 0.2 0.2 0.2
ch.

10 000
ery th ro cy tes  from  one 
and th e  sam e donor

1.0

1.3 1.8 2.8

1.0 2.0 3.0 4.0

10 000 
10 000 
15 000 
20 000

1 : 13 000
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V I. Bovine serum  +  sheep 8.1 0.5 1.0 0.2
e ry th ro cy tes from  dif­
fe ren t donors 1.0

1.3

V II. Sheep serum  from  dif­ 8.1 0.5 1.0 0.2
fe ren t donors 1.3

V III . Sheep serum  from  one 8.1 0.5 1.0 0.2
and  th e  same donor

1.3

IX . Bovine serum 8.1 0.5 1.0 0.2

1.3

0.2
2.3

0.2 0.2 0.2
ch.

<  100 
<  100

1.0 2.0 3.0 4.0 1 000
5 000
6 000

0.2 0.2 0.2 <  100
ch. 1 000 

1 000 
1 000 
2 000

0.2 0.2 0.2

ch.

<  100 
<  100
<  100

1 000 
3 000

0.2 0.2 0.2 —

ch. <  100 
<  100 
<  100

: 2 450

: 1 020
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2 7 6 NAGY et al.

I I I .  Our ow n m e th o d .  A 2 0 %  suspension of th ree  times w ashed  sheep 
e ry th ro cy te s  was a d m in is te red  in trav en o u s ly  in  doses of 1, 2, 3, 4 and  5 ml, 
a t  in te rva ls  of 2 or 3 days. T he  to ta l  dose of p a c k e d  sheep e ry th ro cy tes  was 
3 m l for each ra b b i t .  T h e  an im als  were e x s a n g u in a te d  7 days a f te r  th e  la s t  
in jec tion .

I \ . R u g e ’s orig inal m e th o d  (1960). S en s it iza t ion  of rabb its  was carried  
o u t  over a pe r iod  o f  four weeks; sheep se rum  w as given on I I  occasions, 
1 0 %  sheep e ry th ro c y te  suspension on four occasions, b y  in travenous  ro u te ,  
on th e  schedule show n in T ab le  I .  The w ork ing-princ ip le  of the  m e th o d  is 
t h a t  each inocu la t ion  is m ade  w ith  serum  or e ry th ro cy te s  from d ifferen t 
donors ,  even w h e n  given on one a n d  th e  sam e  d a y .  Two inoculations given 
on  th e  same d a y ,  w h e th e r  se rum  +  serum  or se rum  +  e ry th ro cy te  su sp en ­
sion, were s e p a ra te d  b y  a 30-m inu te  in te rv a l  to  p re v e n t  anaphy lax is .  U n d e r  
th is  schedule, each  r a b b i t  was t r e a te d  w ith  a to ta l  dose of 8.1 ml serum  a n d  
1 ml packed e ry th ro c y te  suspension. T he  an im als  were exsangu ina ted  5 days  
a f te r  the  last inocu la t ion .

Y. R u g e ’s schedule , using  serum  a n d  e ry th ro c y te s  from one a n d  th e  
s am e  donor. T h e  schedule  of sensitiza tion  a n d  b leeding was as in p a r a ­
g ra p h  IV.

VI. R u g e ’s s c h e d u le  w i th  b o v in e  s e ru m  in s t e a d  o f  sheep  s e ru m .
V II .  R u g e ’s s c h e d u le  w i th  se ra  f ro m  d i f f e r e n t  d o n o rs  w i th o u t  e r y t h r o ­

c y t e  su spension .
V I I I .  R u g e ’s s c h e d u le  w i th  se ru m  f r o m  t h e  sa m e  d o n o r  w i t h o u t  

e r y th r o c y te s .
IX .  R u g e ’s s c h e d u le  w i th  b o v in e  s e ru m  i n s t e a d  of  sheep  s e ru m ,  n o  

e r v th r o c y te s .
X . Control. T h e  rab b i ts  of th is  g roup were n o t  t rea ted .  Five ra b b i ts  

w ere  in each of th e  te n  groups. T he  ra b b i t  sera  were t i t r a te d  ind iv idua lly ,  
accord ing  to  th e  F A O /W H O  prescrip tions (A l t o n  a n d  J o n e s , 1967). T h e y  
w ere  in ac t iv a ted  for 30 m in u tes  a t  56°C and  no  glycerol or o ther p rese rv a t iv e  
w as  added . A con tro l  series was set up  w ith  each  t i t r a t io n ,  using a s ta n d a rd  
haem olys in  p re p a ra t io n  d i lu ted  1 : 2000 for use  a n d  a freeze-dried com ple­
m e n t  p repa ra t ion  (P H Y L A X IA ,  B udapest) .

Stock suspensions of sheep e ry th ro cy te s  were p repa red  b y  cen tr i fu g a ­
t io n  of sheep b lood  a t  2000 r .p .m . for 30 m in u te s  and  th ree  washes w ith  
saline a t  the  sam e r .p .m .

Results
(see Table  I)

I. The four-fold devia tions be tw een  th e  t i t r e s  of th e  p repa ra t ions  were 
d ue  to  individual v a r ia t io n s  in th e  response of th e  ra b b i ts .  A ri thm etic  m e a n  
o f  reciprocal t i t re s  (AM RT): 5800.
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I I .  The low t i t r e s  can, to  a c e r t a in  degree, be exp la ined  b y  th e  small 
to ta l  dose of e ry th ro cy te s .  AMRT : 2400.

I I I .  T itre  v a lu es  obtained b y  th is  technically  simple m e th o d  were 
re la t iv e ly  high (A M R T : 7200) a l th o u g h  th e  to ta l  dose of  packed  e ry th ro c y te s  
was in te rm ed ia te  be tw een  the dose levels used for th e  procedures  I a n d  I I .

IV. Very h igh  ti tres  were o b ta in e d .  Three of th e  five ra b b i ts  h a d  a 
se ru m  t i t re  of 1 : 25,000. AMRT: 19,000.

Y. None of th e  f ive rabbits  in o c u la te d  w ith  serum  from  one and  th e  sam e 
d o n o r  h ad  a t i t re  level below 1 : 10,000. AM RT: 13,000.

V I .  The t i t r e  va lues  were n o t  su p e r io r  to  those o b ta in ed  in g roup  I I ,  
in w h ich  the  sam e e ry th rocy te  dose  w as used. A M R T: 2400.

V I I .  Inocu la t ions  with sera f ro m  d ifferent donors resu lted  in a c o n ­
s iderab le  haem olysin  production. A M R T :  1020.

V I I I .  Serial inocula tions w i th  s e ru m  from one a n d  th e  sam e d onor  a lso  
re su l te d  in some haem olysin  p ro d u c t io n .

IX .  No an ti-sheep  haem olysin p ro d u c t io n  took  place a f te r  t r e a tm e n t  
w ith  bovine  serum .

X .  Serum sam ples  from th e  u n t r e a t e d  control r a b b i ts  were n e g a t iv e .

D iscussion

I t  follows f rom  the  results t h a t  th e  q u a n t i ty  of sheep e ry th ro c y te s  
p lays a substan tia l  role if exclusively e ry th ro cy te s  are ad m in is te red  (groups I, 
I I  a n d  I I I ) .  I f  in a d d i t io n ,  serum is in je c te d  (groups IV, V a n d  VI), th e  sheep 
se ru m  seems to  h a v e  a specific s t im u la t in g  effect (groups IV and  V); bov in e  
s e ru m  (group V I) fa iled  to  s t im u la te  haem olysin  p rodu c t io n .

I t  is re m a rk a b le ,  th a t  sheep se ru m  was in i tse lf  capab le  of induc ing  
haem olys in  p ro duc tion ,  probably  b e c a u se  traces of red  cells are a lw ays p re se n t  
in th e  serum.

As the  s ta n d a rd  prescriptions v a l id  in H u n g a ry  requ ire  a haem o ly s in  
p re p a ra t io n  w ith  a w orking-titre  r a n g in g  from 1 : 2000 to  1 : 2500, i t  w as 
w o r th  while to  seek a f te r  a m e th o d  w h ic h  would re su lt  in a haem olysin  t i t r e  
of a t  least  1 : 8000 ( th e  w ork ing-ti tre  is one q u a r te r  of th is  value). A ccord ing  
to  t h e  presen t s tu d y ,  procedures I I I ,  IV  an d  V m eet th is  req u irem en t .  R u g e ’ s 

orig inal m ethod  p ro v e d  to  be the  b e s t ,  b u t  th e  use of se rum  and  e ry th ro c y te s  
from  one and th e  sam e  donor was n e a r ly  as efficient. I t  should  be m e n tio n e d  
t h a t  p rocedure I I I  has  the  a d v a n ta g e  of being m uch  sim pler th a n  R u g e ’s 

m e th o d .
F u r th e r  ex am in a t io n s  are r e q u i r e d  to  ob ta in  m ore  in fo rm ation  a b o u t  

th e  effect of sheep serum  s t im u la t in g  haem olysin  p ro d u c t io n .  Due to  th is
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effect high haem o ly s in  t i t re s  were o b ta in e d  even if th e  e ry th ro c y te  dose w as  
sm all.

R epea ted  ad m in is t ra t io n s  of bov in e  serum  caused p a ra ly t ic  sy m p to m s;  
no  such p h en o m en a  were  observed w i th  sheep serum.

SU M M A R Y

R ab b its  w ere sen sitiz ed  to o b ta in  h aem o ly sin  p re p ara tio n s  fo r co m p ara tiv e  pu rp o ses: 
g ro u p s of ra b b its  w ere  tre a te d  e ither w ith : sh eep  e ry th ro cy te s , sheep serum , bovine se ­
ru m , or sheep or b o v in e  se ru m  plus sheep e ry th ro c y te s . T he doses o f e ry th ro cy te s  were v a ried .

The sera of th e  sensitized  rab b its  w ere t i t r a te d  for haem olysin  ind iv idually , acco rd ­
ing  to  th e  FA O /W H O  prescrip tio n s . The h ig h es t haem olysin  titre s  w ere ob tained  by  com ­
b in ed  tre a tm e n t w ith  sh eep  e ry th ro cy tes  a n d  sheep  serum  from  d ifferen t o r identical donors. 
T h e  haem olysin  t i t r e s  o f  ra b b its  trea te d  w ith  e ry th ro c y te s  alone depended  on th e  dose. 

M easurable h a em o ly sin  was found  in  th e  sera  of ra b b its  t r e a te d  w ith  sheep se ru m
alone.

In o cu la tion  of sh eep  serum  b o th  from  a  specific  or d iffe ren t donors p rio r to  a n d  
s im u ltan eo u sly  w ith , th e  ad m in is tra tio n  of th e  sheep  e ry th ro c y te s  m ark ed ly  s tim u la ted  th e  
p ro d u c tio n  of h aem o ly sin . R ovine serum  fa iled  to  e x ert such  a s tim u la tin g  effect.
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PROLONGATION OF THE PERIOD 
OF PROTEIN ADSORPTION: 

EXPERIMENTS WITH KITTENS AND PIGLETS

B y

K. B a i n t n e r , jr.

R esearch  In s t i tu te  for A n im al B reed in g  (D irector: J . K e s e r ű ), 

D ep artm en t o f P h y sio lo g y , B udapest 

(R eceived O c to b e r  17, 1972)

T he suckling r a t  is capable of se lec tive  a b so rp tio n  of IgG  up  to  th e  end  of th e  3rd 
w eek o f life (B ham bell , 1958), even th o u g h  a h igh  p ro teo ly tic  a c tiv ity  is dem o n strab le  in 
its  sm all in testine  (B a in t n e r  and  J u há sz , 1971). In  th e  p ig let, lam b  a n d  calf, on  th e  o th er 
h a n d , th e re  is p rac tica lly  no selection of a b so rb e d  p ro te in s (P a y n e  and  Ma r sh , 1962; K a r ls- 
s o n , 1966) and p ro te in  u p ta k e  persists on ly  o v e r  th e  f irs t 1 1/2 to  2 d ay s (Mason  e t  ah , 1930: 
McCa r t h y  and McD o ug a ll , 1949; Mő h r in g  a n d  St r u n z , 19C8). A t th e  sam e tim e , eosinophilic 
d ro p le ts  are  visible in  th e  en terocy tes lin in g  th e  sm all in te stin a l villi (Co m l in e  e t  ah , 1951) 
a n d  low -m olecular-w eight p ro teins — in c lu d in g  co lostra l try p sin  in h ib ito r  (C TI) —  can  be 
d e te c te d  in  th e  u rine  ( P ie r c e , 1959; B a in t n e r , 1970).

T he new -born k i t te n  has been found  to  e x h ib it all th e  ty p ica l fe a tu re s  of non-selective 
p ro te in  u p tak e ; th e  co n co m itan t presence o f C T I, eosinophilic d rop le ts a n d  p ro te in u ria  being  
d em o n s trab le  for 1 to  1 1/2 days (B a in t n e r , 1973). The sam e in v es tig a tio n s  also revealed  
t h a t  in  b o th  k itten s  a n d  pig lets active  p ro te in  ab so rp tio n , —  as in d ic a te d  by  th e  presence 
of eosinophilic  d rop le ts, —  ceases w hen C TI v an ish es from  th e  sm all in te s tin e  an d  th e  p a t ­
te r n  o f  p ro teo ly tic  enzym es is com pleted  b y  th e  ap p earance  of try p s in , i.e. w hen  p ro te in  
d ig es tio n  becomes p ra c tica lly  perfect.

In  so fa r as i t  can  be assum ed th a t  th e  fu ll onset of p ro te in  d igestion  is responsib le  
fo r th is  loss of p ro te in  abso rp tio n , th e  q u e s tio n  arises as to  w hether th e  sm all in te s tin e  o f th e  
k i t te n  a n d  piglet rem ains p o ten tia lly  cap a b le  o f fu r th e r  p ro te in  u p tak e . Cl a r k e  an d  H a r d y  
(1970, 1971) have estab lish ed  th a t  ileal e n te ro c y te s  of th e  p ig le t are  ab le  to  ta k e  up  in d i­
g estib le  po lyv iny lpyrro lidone  (РУ Р) up  to  th e  12 th— 15th day of life, an d  th o se  of th e  k i t te n  
u p  to  a b o u t the  14th d ay  (w ith  considerab le  in d iv id u a l va ria tio n ), b u t  th a t ,  e x cep t in  v e ry  
y o u n g  anim als, th is P V P  is n o t tra n s m itte d  in to  th e  c ircu la tion . B y th is  tim e  th e  ileal e n te ro ­
c y te s  c a rry  seem ingly e m p ty  vacuoles (Cl a r k e  a n d  H a rd y , 1970; V e r e s s  an d  B a in t n e r , 
u n p u b lish ed ).

T h e  experim ents  reported  he re in  a im ed  to  establish w h e th e r  th e  small 
in te s t in e  of k i t ten s  m ore  th a n  1 to  1 1/2 days old is able to  t a k e  up  colostral 
p ro te in s  in c ircum stances where p ro te in  digestion is inh ib ited .

Materials a n d  Methods

I. Kit tens

A ltogether 24 k i t ten s  (18 ex p e r im e n ta l ,  6 control) w ere  em ployed . Of 
th e se ,  six were 4 1/2 days old, fou r  6 days  old, th ree  7 days  old, tw o  8 1/2 
d a y s  old, and nine 12— 14 days old. O ne an im al in each l i t t e r  was set aside
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as control except in  t h e  pre l im inary  experim en ts ,  w hich  were uncon tro lled . 
T h e  k it tens  were a l low ed  to  suck u n t i l  th e  d a y  of th e  experim ent.  On th e  
m o rn in g  of t h a t  d a y  th e y  were rem oved  from th e  d am  a n d  fasted  for 1 to  
3 h o u rs ,  depending on  th e  fullness of th e  s tom ach .  E a c h  experim enta l  an im al 
t h e n  received by  s to m a c h  tube , depending  on body  w eigh t ,  5 to  7 ml colostrum  
o f  b o d y - te m p e ra tu re ,  a n d  2 to  3 hours  la te r  a fu r th e r  2 to  4 ml. Cow’s co­
lo s t ru m  was o b ta in e d  from  th e  f irs t  m ilk ing; i t  in h ib i ted  a p p ro x im a te ly  
370 pg  tryps in  p e r  m l.  T o  in tensify  th e  in h ib i to ry  effect 0.5 ml d u ck ’s egg 
w h i te  (which con ta ins  t ry p s in  and  ch y m o try p s in  inh ib ito rs)  and  2000 kalli- 
k re in- inh ib it ing  u n i ts  o f  Trasylol (B a y e r , t ry p s in  a n d  kallikrein  inhibitor)  
were  added  to each 10 m l of colostrum . In  p re l im in a ry  tr ia ls ,  3 mg/ml soy­
b e a n  t ryps in  in h ib i to r  w as added  to  th e  cow’s co los trum  fed to  tw o k i t te n s ,  
w hile  ano the r  th re e  k i t t e n s  received sow’s co lostrum . Control animals were 
fed every  tw o hours  on commercial cow’s m ilk  of b o d y - te m p e ra tu re ,  a d ­
m in is te red  by  p ip e t te  ad libitum.

As k i t ten  only  d ischarges urine  on s t im u la t io n  b y  th e  d a m ’s tongue , 
m u c h  urine a c c u m u la ted ,  especially in th e  controls. T o  evoke th e  m ic tu ra -  
t io n a l  reflex a c o t to n w o o l  pad , w e t ted  w ith  a l i t t le  lukew arm  w ater ,  was 
ap p l ied  from tim e to  t im e ,  the  drops of u r ine  being soaked  up  w ith  cotton-wool.

T h ro u g h o u t  t h e  ex per im en t,  all an im als  were k e p t  in a dark , w arm  
p lace  un ti l  sacrificed, 5— 6 hours a f te r  th e  f irs t  feeding. Urine was pressed 
f rom  th e  b ladder in to  a te s t  tu b e .  T he  small in te s t in e  was flushed th ro u g h  
w i th  5 ml saline, a n d  th e  washings collected likewise.

The to ta l  p ro te o ly t ic  ac t iv i ty  of in te s t ina l  w ashings was de te rm ined  b y  
m easu r in g  the  sp l i t t in g  o f  benzoyl-arginine e thy l  e s te r  (B A E E ) su b s tra te  as 
descr ibed  by  S c h w e r t  a n d  T a k e n a k a  (1955). This  a c t iv i ty  was th e n  segre­
g a te d  in to  two c o m p o n e n ts ,  viz. the  t ry p s in  c o m p o n en t  t h a t  was suppressed 
b y  soy-bean t ry p s in  in h ib i to r  and  th e  “ ka ll ik re in”  c o m p o n en t  t h a t  was no t .  
A ctiv i t ies  were exp ressed  in te rm s of sp e c tro p h o to m e tr ic  un its  per min. p e r  
0.1 m l in testina l w ash ings .

The tryps in  in h ib i to r  ac t iv i ty  of th e  ur ine  sam ples  was assayed by  
m easu r in g  the  e x te n t  to  which the  B A E E -sp l i t t in g  a c t iv i ty  of a know n a m o u n t  
o f  t ry p s in  was red u ced .  T o  overcome th e  non-specific  change in IJ.V. ab so rp ­
t io n  t h a t  f requen tly  to o k  place a f te r  a lkaliza tion , th e  samples were left in 
p H -8  buffer for 15 m in  before  d e te rm ina tion .  T he  presence of u r in a ry  p ro te in  
was te s te d  by  p re c ip i ta t io n  w ith  10%  tr ich lo roacetic  acid.

Expressing in te s t in a l  location in per  cen t  of th e  d is tance  from th e  
p y lo ru s  to  the  c aecu m , samples for histological ex am in a t io n s  were ta k e n  
from  th e  je ju n u m  (45— 50% ) and  th e  ileum (75— 80% ). The samples were 
f ix e d  in  formalin, e m b e d d e d  in paraffin ,  a n d  s ta in ed  w i th  h aem atoxy lin  and  
e o s in .1
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I I .  Piglets

Tw o 4 -day -o ld  an d  tw o 4 1 /2 -day -o ld  p ig le ts w ere tra n s fe rre d  to  a 
re c e n tly  farrow ed foster-sow . W ith in  a b o u t 2 hours th e y  h a d  accu sto m ed  
th em selv es  to  th e ir  new  place and  b e g a n  sucking. A fu r th e r  2— 3 h ours la te r  
th e  an im als w ere k illed . One p ig le t in  each l i t te r  w hich h ad  been le ft w ith  
th e  dam  was sacrificed  as a co n tro l. In  a d d itio n , tw o  11-day-old  co n tro l 
p ig le ts  w ere also sacrificed .

S am p le-tak in g  an d  assays fo llow ed th e  sam e schem e as w ith  th e  k it te n s  
e x c e p t: 1. p ro teo ly tic  ac tiv ities w ere  m easu red  in 10-fold d ilu ted  in te s tin a l 
c o n te n ts ; 2. try p s in  in h ib ito r a c tiv ity  w as d e te rm in ed  in  th e  in te s tin a l con­
te n ts ,  b u t  n o t in  u rin e ; 3. s ta in ing  fo r  h isto log ical ex am in a tio n s w as ca rried  
o u t w ith  alcian  b lue  com bined w ith  th e  period ic  acid -S ch iff reac tio n , in  a d d i­
tio n  to  h aem atoxy lin -eosin  sta in ing .

R esults

I .  K ittens

A  m ean try p s in  a c tiv ity  of 46  +  19* u n its  (range: 22— 64 u n its )  w as 
m e asu red  in  th e  in te s tin a l w ashings co llec ted  from  co n tro l an im als , s ign ifi­
c a n tly  g rea te r (p  <  0.01) th a n  th e  m e a n  a c tiv ity  of 4 +  2.4 u n its  (range: 1.2—-
I I .  5 u n its) found  w ith  th e  co lo stru m -fed  an im als. T he m ean  “ k a llik re in ”  
a c tiv itie s  of 5.6 +  3 u n its  for the  co n tro ls  an d  5.4 +  3 u n its  for th e  e x p e rim e n ta l 
k i t te n s  did no t d iffer a t  th e  level o f significance.

N o p ro te in  w as d em onstrab le  in  th e  u rin e  from  th e  co n tro l k it te n s  
(five sam ples te s te d ) , w hereas on a d d itio n  of tr ich lo ro ace tic  ac id  sam ples 
from  fou r ex p erim en ta l an im als becam e  o pa lescen t, in  tw o sam ples even som e 
flo ccu len t p re c ip ita te  w as form ed; in  a fu r th e r  four sam ples th e  re a c tio n  w as 
d o u b tfu l, and  in  on ly  th e  rem ain in g  tw o  w as i t  defin ite ly  n eg a tiv e . U rin e  
from  exp erim en ta l an im als also in h ib ite d  s ign ifican tly  ( p + 0 .0 5 )  m ore t r y p ­
sin (m ean : 33 +  21 pg/m l) th a n  sam p les  from  con tro ls (8.6 +  3 pg /m l). T h e  
h ig h es t try p s in  in h ib ito r  co n cen tra tio n s w ere associa ted  w ith  th e  u rin e  sam ples 
show n to  con ta in  p ro te in .

In  th e  h isto log ical ex am in a tio n s, no  eosinophilic d ro p le ts  w ere o b served  
in  th e  sm all in te s tin e  o f contro l k it te n s ;  th e  find ings were com plete ly  n e g a tiv e  
in th e  je ju n u m  of all six , and  also in  th e  ileum  of tw o an im als, w hile th e  ileum  
of th e  rem ain ing  fo u r d isp layed  “ e m p ty ”  vacuoles.

T h e  findings w ere likewise n e g a tiv e  in  th e  je ju n u m  of all e x p e rim e n ta l 
an im a ls  and  fu r th e r  in  th e  ileum  o f tw o . T y p ica l “ e m p ty ”  vacuoles n ev e r 
o ccu rred  in  th e  ileum ; all vacuoles t h a t  w ere p re sen t co n ta in ed  g re a te r  o r

* ±  s ta n d a rd  d e v ia tio n

Acta Veterinaria Academiac Scientiarum Hungaricae 23, 1973



282 BAINTNER

lesser am o u n ts  of eosinophilic  m a te ria l, w h ich  w as reg a rd ed  as a positive  
reac tio n . In  the  ileal en te ro c y te s  of e igh t an im als  p ro n o u n ced , an d  in  a fu r th e r  
tw o poorly-defined , eosinophilic  d rop le ts  w ere v isib le.

T he en te ro cy tes  o f th e  tw o 14-day-o ld  k it te n s  used  in  th e  p re lim in ary  
ex p erim en t and  fed co lo stru m  su p p lem en ted  w ith  soy-bean try p s in  in h ib ito r 
enclosed only a few  m in u te  d rop le ts . A m ong th e  th re e  4 1/2-day-old  k itte n s  
fed sow ’s co lostrum , th e  find ings w ere n eg a tiv e  in  one, b u t in th e  o th e r tw o , 
la rge  eosinophilic d ro p le ts , alm ost en tire ly  filling  th e  ileal cells, were observed .

I I .  Piglets

T ry p s in -in h ib ito r  a n d  enzym e ac tiv itie s  w ere assayed  only w ith  th ree  
p ig le ts  o f one of th e  l i t te r s .  In te s tin a l c o n ten ts  of th e  fo ste red  p ig lets in h ib ited  
resp ec tiv e ly  2160 a n d  1700 pg try p s in  p e r  m l, an d  co n ta in ed  no try p s in  
a c tiv ity . No CTI w as d e te c te d  in th e  in te s tin a l c o n te n ts  of th e  con tro l an im al, 
h u t  a try p s in  a c tiv ity  co rrespond ing  to  1.2 pg /m l was m easu red . “ K a llik re in ”  
a c tiv ity  was 5 an d  8 p g /m l for th e  fo ste red  p ig le ts  an d  9 pg/m l for th e  co n tro l.

T here  was no d ifference  in th e  h isto log ical p ic tu re  betw een  th e  in te s tin e  
of co n tro l and e x p e rim e n ta l an im als. T he f in d in g s w ere neg a tiv e  in  th e  je ju ­
n u m , while in th e  ileum  large vacuoles enclosing excen trica lly  s itu a te d , 
genera lly  1— 2 pm  (som etim es 4 —6 pm ), P A S -p o sitiv e , eosinophilic inclusion  
bodies were observed .

D iscussion
I .  K ittens

T he try p sin  a n d  “ k a llik re in ” a c tiv itie s  of th e  in te s tin a l w ashings w ere 
d e te rm in ed  in o rd er to  check th e  in  vivo try p s in - in h ib itin g  effect of th e  in ­
gested  co lostrum . O f th e  m ateria ls  ad m in is te red , t ry p s in  is in h ib ited , besides 
b y  th e  co lostrum , b y  b o th  d uck ’s egg w h ite  an d  T rasy lo l, w hereas “ k a llik re in ”  
is in h ib ited  only by  T ra sy lo l. As a re su lt of th e  t re a tm e n t th e  try p s in  a c tiv ity  
w as strong ly  reduceil in  th e  ex p erim en ta l an im als , th o u g h  i t  d id  n o t d is­
a p p e a r en tire ly ; th e  “ k a llik re in ”  a c tiv ity  w as n o t s ign ifican tly  m odified .

T he fac t th a t  a s lig h t try p s in  a c tiv ity  rem ain ed , in  sp ite  of th e  huge 
a m o u n t of in h ib ito r  ad m in is te red , is explicab le  in  several w ays: 
n-ruet i) th e  p an creas  m a y  respond  to  th e  in h ib itio n  of d igestion  b y  e n h a n c ­
ing its enzym e p ro d u c tio n ;

ii) th e  s to m ach  re leases chym e on ly  in  sm all d rib le ts ;
iii) a large su rp lu s  of in h ib ito r m ay  be req u ired  to  achieve 100%  in h ib i­

tio n , owing to  d isso c ia tio n  of the  try p s in -C T I com plex.
In  a prev ious s tu d y  (B a i n t n e r , 1973) no eosinophilic d rop le ts  w ere 

no ticed  in the  sm all in te s tin e  of k itte n s  o lder th a n  1 1/2 days. In  th e  ileum
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th e  d ro p le ts  had  been rep laced  by  “ e m p ty ”  vacuoles, th e n , a t  an  age d ep en d ­
ing v e ry  m uch on th e  in d iv idua l and  th e  l i t te r ,  th e se , to o , van ished . T he 
k it te n s  inv estig a ted  in  th e  p resen t ex p e rim en t w ere th e re fo re  o f an  age (4 1/2— 
14 days) a t  w hich, u n d e r  norm al co n d itions, eosinophilic  d ro p le ts  could n o t 
be ex p ec ted  to  occur. N evertheless, a co n tro l an im al w h ich  d id  no t receive 
a n y  try p s in  in h ib ito r, w as set aside from  each litte r .

Eosinophilic  d ro p le ts  indeed did  n o t  a p p e a r in  th ese  co n tro l k itten s  an d  
failed  to  be induced  ev en  in  th e  je ju n u m  of th e  e x p e rim e n ta l anim als; b u t  
in  m o st exp erim en ta l an im als th is  p ro v e d  possible in  th e  ileum . N egative  
find ings or w eak reac tio n s  w ere en co u n tered  m ain ly  am ong  th e  o ldest an im als, 
an d  in  these  cases th e  ileum  appeared  s im ila r to  th e  je ju n u m  (Fig. 1). N ev er­
th e less , no com pletely  “ e m p ty ”  vacuoles w ere seen in  th e  exp erim en ta l k i t ­
ten s , in d ica ting  th a t  th e  vacuoles observed  in th e  con tro ls  (F ig . 2) m ust have 
becom e filled w ith  p ro te in  an d  so tra n sfo rm e d  to  eosinophilic  d roplets in  th e  
course of th e  ex p e rim en t. In d iv id u a l an im als  ex h ib ited  vario u s stages in  
th is  process; in k it te n s  sacrificed 2 h o u rs  a fte r  th e  f irs t  ad m in is tra tio n  of 
co lo stru m , th e  eosinophilic  droplets w ere sm all and  lo ca ted  m ain ly  in the  
ap ica l region of th e  en te ro cy te s ; in  o th e r  an im als th e  vacuo les were a lread y  
p a r tia lly  filled w ith  eosinophilic  m a te ria l (F igs 3 an d  5); a n d  fina lly , in  a few 
an im als  eosinophilic d ro p le ts  were seen to  fill th e  en te ro c y te s  com pletely

F ig. 1. Je ju n u m  of a  7 -d ay -o ld  k itte n  fed sow ’s colostrum . No vacuo les or eosinophilic 
d ro p le ts  a re  visible. H aem ato x y lin -eo sin  (H — E ) s ta in
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F ig . 2. Ileum  of a 2-day-old  co n tro l k itte n . E ac h  en terocy te  co n ta in s a large  “ e m p ty ”  v acuo le  
in  su p ran u c lea r location . T he arrow s p o in t to  sporadically  p re sen t g ob let cells. H —-E s ta in

Fig. 3. Ileum  of a 13 1 /2-day-o ld  k i tte n  fed cow ’s colostrum . T he a rro w s p o in t to  m ed iu m ­
sized eosinophilic  d rop le ts. H — E sta in
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Fig. 4. Ileum  of a  4 1/2-day-oId k itte n  fed cow’s co lo s tru m . The arrow s p o in t to  large  eosino­
philic d rop lets. H — E  sta in

Fig. 5. Ileum  of a 5-day-old k itte n  fed cow’s co lo s tru m , in tan g e n tia l section. T he e n te ro - 
cy tes con ta in  eosinophilic d ro p le ts . H — E  s ta in
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(F ig . 4). T he la t te r  sections resem bled  in  all respects  tho se  p rep a red  from  
1 -day -o ld  k itten s .

T hese observ a tio n s suggest th a t  th e  ileal en te ro cy tes  of th e  k i t te n  can 
re ta in  th e ir  com petency  to  ta k e  up  p ro te in  from  th e  in te s tin a l lum en  a f te r  
th e  co lostrum -suck ing  period  up  to  a d e fin ite  age, p ro v id ed  d igestion  is in ­
h ib ite d ; an d  fu rth e rm o re , those  cells w hich  re ta in  th is  com petency  a f te r  
d ig es tio n  has s ta r te d  a re  m ark ed  b y  “ e m p ty ”  vacuoles. I t  m u st be em phasized , 
n ev e rth e le ss , th a t  p a r t  o f th e  reason  fo r th e  n e u tra liz a tio n  of d igestive enzym es 
a n d  th e  ensuing in d u c tio n  of eosinophilic d ro p le ts  is th a t  co lostrum  is m u ch  
th ic k e r  th a n  m ilk, an d  also  th e  k it te n s  w ere given large doses of co lo stru m .

T he experim en ts  of C l a r k e  and  H a r d y  (1970, 1971) have  d e m o n s tra te d  
t h a t  a lth o u g h  P V P  is ta k e n  up  by  th e  ileal en te ro cy tes  o f p ig lets an d  k itte n s  
o ld e r th a n  2 days, i t  is n o t d ischarged  in to  th e  c ircu la tion . As an  in d ire c t 
w ay  of d e tec tin g  th e  ab so rp tio n  of p ro te in s , th e  p resen t in v estig a tio n s m ad e  
use o f p ro te in u ria  of a lim e n ta ry  orig in  ( B a i n t n e r , 1970). P ro te in  w as d e ­
te c te d  in th e  urine of h a lf  th e  exp erim en ta l an im als, and  in a n u m b er of o th e rs  
th e  re a c tio n  was a t  le a s t d o u b tfu l; in  a d d itio n , th e  try p s in -in h ib ito r  c o n te n t 
o f th e  u rine  rose sig n ifican tly  above th e  con tro l level. B o th  o b se rv a tio n s 
in d ic a te  th a t  som e p o rtio n  of th e  ingested  co lostra l p ro te in  m u st have  reach ed  
th e  c ircu la tio n . H ow ever, since th e  in c u b a tio n  tim es w ere to o  sho rt fo r such  
in v es tig a tio n s , an d  since only th e  low -m olecu lar-w eigh t p ro te in s  an d  p ro te in  
fra g m e n ts  hav ing  n o t been  reso rbed  in th e  ren a l p rox im al tu b u les  a p p e a r  in  
th e  u rin e , it  will be necessary  to  c o n d u c t experim en ts  of d ifferen t design 
b efo re  an y  fina l conclusions can be d raw n  on th is  p o in t.

As m en tioned  ab o v e , th e  presence of eosinophilic d rop le ts  in  th e  e n te ro ­
cy te s  can  be regarded  as an  in d ica to r of p ro te in  ab so rp tio n , an d  th e ir  v a c u o li­
z a tio n  as an  in d ica to r  of p ro te in -ab so rb in g  ab ility . In  th e  je ju n u m , how ever, 
w h ere  no “ e m p ty ”  vacuoles are  found  once th e  eosinophilic d rop le ts  h av e  
d isap p ea red , it  seem s th a t  vacu o liza tio n  is n o t app licab le  as a c rite rio n  of 
p ro te in -ab so rb in g  a b ility . W h a tev er is th e  case, th e  fa ilu re  to  evoke eosino ­
ph ilic  d rop le ts  in d ica te  th a t  th e  je ju n u m  h a d  a lread y  lo st its  com petence  to  
ab so rb  p ro te in s from  th e  in testin a l lum en  in  th e  m ore th a n  4 -day-o ld  k it te n s  
used  in  these  ex p erim en ts . W ith  its  g rey ish  hue, i t  w as, indeed , easily  d is­
tin g u ish ed  from  th e  b row nish  ileum , i.e. these  tw o fu n c tio n a lly  d isc re te  
seg m en ts  were d iscrim inab le  even to  th e  u n a id ed  eye.

T he p resen t ex p erim en ts  suggest th e  p o ssib ility  th a t  th e  w ith d raw a l of 
p ro te in -ab so rb in g  com petence  tow ards th e  m ore d is ta l in te s tin a l segm ents is 
n o t a con tinuous process, b u t  occurs stepw ise. T hus it  m ay  be th a t  th e  a b ili ty  
f irs t  van ishes from  th e  je ju n u m  as a w hole (or from  b o th  duodenum  an d  
je ju n u m  in certa in  species), and  su b seq u en tly  from  th e  ileum .

T he vacuoles observed  in th e  k i t te n  ileum  c o n tra s t w ith  those  o f th e  
r a t  ileum  in several resp ec ts . In  th e  r a t  (a non-selective p ro te in  ab so rb e r),
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Fig. 6. Ileum  of a 3 -d ay -o ld  control k itte n . T he “ e m p ty ”  en te ro cy tic  vacuoles lie p re d ­
o m in an tly  in su b n u c lea r  locations. T he arrow s p o in t to  g ob let cells. H —E  sta in

Fig. 7. Ileum  of an 11 -d ay -o ld  control p ig le t. N o te  th e  num erous sm all, PA S-positive eosino­
philic  inclusion bodies (a rrow s) in th e  vacuo les . The in tense ly  P A S -positive  (dark) p a tc h es  

'i-' are g o b le t cells. (Periodic ac id -S ch iff re ac tio n ,1 a lc ian  b lue  stain)
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th e y  are w ell-defined, a lw ays s itu a te d  sup ran u c learly , an d  genera lly  co n ta in  
eosinophilic  inclusion bod ies, w hereas in  th e  k itte n  th e y  are  genera lly  less 
d is tin c t,  can lie e ith e r  ab o v e  or below  th e  nucleus, a n d  co n ta in  no inclusion  
b o d ies( Figs 2 an d  6). T h is p o in ts  to  th e ir  hav ing  an  in tra c e llu la r  m o b ility  
s im ila r  to  th a t  a p p a re n tly  possessed b y  eosinophilic d ro p le ts . Since th e  ileum  
p re su m a b ly  canno t co n ta in  m uch  p ro te in  th a t  could be ab so rb ed  once p ro te in  
d ig es tio n  has s ta r te d  ( B a i n t n e r , 1973), it  m ay  be t h a t  ileal en te ro cy te s  
u tiliz e  th e ir  non-se lec tive  p ro te in -u p ta k e  m echanism  to  tra n s p o r t  d igested  
m a te r ia ls  as well. T he possib le  physio log ica l significance o f th e  la te  d isa p ­
p e a ra n c e  of th e  p ro te in -ab so rb in g  cell ty p e  is discussed elsew here (B a i n t n e r , 
1973).

I I .  Piglets

So far, a tte m p ts  to  re s to re  eosinophilic  d roplets in  p ig le ts  have  p roved  
unsuccessfu l. The reason  fo r th is  m ay  lie in th e  d iscrepancies of th e  cond itions 
from  those  in th e  k i t te n  ex p erim en ts , p a rtic u la rly  th e  sm all co lostral doses 
a n d  th e  early  sacrifice. C om pared  w ith  th a t  in th e  k it te n , th e  try p s in  a c tiv ity  
o f  th e  p ig le t’s in te s tin e  is low  ( B a i n t n e r , 1973). T he f ir s t  co lostrum  of th e  
fo ste r-so w  inh ib ited  co m p le te ly  th is  sm all q u a n tity  o f  try p s in  an d  even p ro ­
d u ced  a m assive su rp lus of C TI.

A sim ilar d ifference w as found  be tw een  the  je ju n u m  an d  ileum  of th e  
c o n tro l pig lets as in th e  k it te n s . T he v acuo les of th e  ileal en te ro cy te s  resem bled  
th o se  seen in th e  k i t te n  in  th e ir  v a r ia b le  in tra c e llu la r  lo ca tio n  (“ m obile 
v a c u o le s” ), b u t on th e  o th e r  h an d  th e y  co n ta in ed  eosinophilic inclusion  bodies. 
T h e re  w ere usually  m uch  sm alle r th a n  th e  inclusion bodies re p o rte d  in  th e  r a t  
in te s tin e  (B a i n t n e r  an d  V e r e s s , 1967) an d  showed up p a r tic u la r ly  well w ith  
P A S -a lc ian  b lue s ta in  (F ig . 7). I t  is conceivable  th a t  in  p ig le ts  p a r t  of th e  
d ie ta ry  pro te in  reaches th e  in te s tin e  in  und igested  form  a n d  ta k e n  up b y  
e n te ro c y te s , m anifests i ts e lf  in  th e  fo rm  of inclusion bod ies.

*
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SU M M A RY

A n a tte m p t was m ade  to  resto re  th e  ch a ra c te ris tic  histo logical p ic tu re  o f th e  n eo n a ta l 
k i t t e n  a n d  pig let in testin e  in  an im als  o lder th a n  4 days.

B y  adm in istering  a la rg e  dose of cow ’s co lostrum  to k itte n s  4 1/2— 14 days of age, 
we succeeded  in tran sfo rm in g  th e  vacuoles o f ileal en terocy tes in to  th e  eosinophilic  d rop le ts
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ch arac te ris tic  o f a c tiv e  p ro te in  abso rp tion . T his p ro v id es  fu r th e r  ev idence th a t  ileal en te ro - 
cytes re ta in  th e ir  a b ility  to  ta k e  up  p ro te in  for som e tim e  a fte r  p ro te in  d igestion  has s ta r te d . 
D irect p ro o f t h a t  p ro te in s  ta k e n  up un d er such  c ircu m stan ces  are also re leased  in to  th e  c ircu la ­
tio n  aw aits  fu r th e r  ex p erim en ta tio n .

E osinophilic  d ro p le ts  were no t induced  in  th e  en te ro cy te s  of 4 —4 1/2 days old p ig le ts 
th a t  h a d  been rem o v ed  fro m  th e  d am  to  a new ly -fa rro w ed  foster-sow , b u t  th ere  were de ­
m o n strab le  m orpholog ical signs of a residual p ro te in  abso rp tio n , in  th e  form  of m in u te  
eosinophilic  inclusion  bodies, in ileal en te ro cy tes  o f b o th  ex p erim en ta l and  contro l an im als.

In  con tro l an im a ls  o f b o th  species v acu o liza tio n  app eared  on ly  in  ileal en te ro cy tes , 
b u t  never in  th e  je ju n u m . T he va riab le  loca tion  of th e  vacuoles in  re la tio n  to th e  cell nucleus 
suggests th a t  th ey  h av e  in tra ce llu la r  m obility .
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FREQUENCY
AND CLINICOPATHOLOGICAL IMPORTANCE 
OF ORGANIC LESIONS IN CERTAIN TYPES 

OF INFECTIOUS BOVINE MASTITIS

B y

I. S záza dos  a n d  I. K ádas

V ete rin a ry  Service o f th e  M eat In d u s try  (D irector; Gy . M é h e s ), B u d ap es t 
an d  D e p a rtm en t of P a th o lo g y  (H ead ; I. K á d a s) of th e  C ounty H o sp ita l o f B a ran y a , Pécs

(R eceived  O c to b er 18, 1972)

P a th o lo g ica l ex am in atio n s o f in fectious b o v ine  m astitis  are focused  a lm ost exclusively  
on th e  ud d er. Few  case rep o rts  h av e  d e a lt w ith  th e  changes caused b y  th e  agen t(s) o f m as titis  
in  o th e r organs. Chiefly th e  su p ram am m ary  ly m p h  nodes were s tu d ied , ow ing to  th e ir  close 
an a to m ica l and  fu n c tio n al re la tio n sh ip  w ith  th e  u d d e r  (H ammer an d  E n g l e r t , 1958; P o u n - 
DEN e t ah , 1952; R e n k , 1956, 1957, 1961), b u t  lesions ap p aren tly  re su ltin g  fro m  sep tik aem ia  
or d issem ination  of th e  m as titis  a g en t w ere also observed  in  th e  sp leen , liver, k id n ey s , lungs, 
ad ren a ls , serous m em branes, etc.

S im ilar changes observed  in  ce rta in  organs of cows w ith  in fec tious 
m astitis  s tim u la ted  sy stem atic  in v estig a tio n s in to  th e  n a tu re  an d  frequency  
o f organic lesions caused by  m a s titis  ag en ts  and  in to  th e  d iagnostic  v a lu e  of 
p o st-m o rtem  find ings in such cases. T he resu lts  of gross, m icroscopic and 
bacterio log ical exam in a tio n s a re  sum m arized  in  th is  re p o rt.

Materials and Methods

One h u n d red  consecutive cows, sen t to  th e  a b a tto ir  o r to  th e  em ergency  
s lau gh te rhouse  of th e  tow n Pécs for a c u te  or chronic m a s titis  w ere exam ined  
d u rin g  th e  period  1971— 1972. T h u s th e  n u m b er of cases in w hich one or 
a n o th e r  ty p e  of change was en co u n te red , reflects th e  p e rcen tag e  occurrence. 
T he lesions observed  in  th e  d iffe ren t o rgans w ere ta b u la te d  accord ing  to  th e  
causal agen t.

O f th e  100 cows 89 h ad  been em ergency -slaugh tered  fo r clinical m a s titis , 
th e  rem ain ing  11 cases w ere d e tec ted  a t  th e  rou tine  m eat-h y g ien ic  in spec tion  
in  th e  a b a tto ir .

In  every  case, de ta iled  p o st-m o rtem  exam ina tions w ere ca rried  o u t on 
all organs an d  on b o th  halves of th e  b o d y . Specim ens fo r m icroscopic  e x a m in a ­
tio n  w ere ta k e n  from  th e  u d d e r, su p ra m a m m a ry  ly m p h  nodes, sp leen , liver, 
k id n ey s an d  changed  p a r ts  of o rgans, f ix ed  in  10%  fo rm alin , em bedded  in 
p a ra ffin  or frozen, and  th e  sections w ere sta ined  w ith  h aem a to x y lin  an d  
eosin or. if  req u ired , w ith  o th e r  dyes as well.
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C om plem entary  bac te rio lo g ica l e x am in a tio n s  w ere also perfo rm ed  in 
each  case, w ith th e  m e th o d s  described  earlie r (S zá za d o s  a n d  K á d a s , 1972). 
A p a r t  from  the  ro u tin e ly  exam ined  organs (spleen, liv er, k id n ey , tw o m uscle 
specim ens, p ra e sc a p u la r , p o p lite a l and  su p ra m a m m a ry  ly m p h  nodes as w ell 
as th e  udder), iso la tio n  w as a tte m p te d  from  all p a r ts  w h ich  ap p eared  affec ted  
( in te rn a l iliac ly m p h  n o des, lungs, jo in ts , etc.).

Results

Bacteriological exam ina tions

Pseudomonas aeruginosa  was iso la ted  from  th e  u d d e r  in  33 cases, K leb­
siella  pneum oniae  in  25 cases, Corynebacterium pyogenes in  14 cases, Escherichia  
coli in  10 cases a n d  Staphylococcus aureus in  9 cases. M ixed infection  w ith  
S taph , aureus and  C. pyogenes  occurred  in tw o  cases an d  w ith  Staph, aureus 
a n d  E . coli in one case. F iv e  an im als h ad  m ixed  sa p ro p h y tic  u d d er flora and  
in  one case th e  u d d e r  w as b acterio log ically  sterile .

As to  th e  ty p e  o f m a s titis , th e  33 cases caused  b y  P s. aeruginosa  w ere 
a ll chronic and  p ro v ed  to  be h isto log ically  a process o f ac tinom ycosis c h a r ­
a c te r . Of the  25 cases due  to  K . pneum oniae, 15 w ere a c u te  an d  10 chronic , 
w ith  necroses. C. pyogenes  caused  in tw o cases m as titis  a c u ta  gravis an d  in  
12 cases chronic p u ru le n t  m as titis  w ith  abscess fo rm a tio n . O f th e  cases due 
to  E . coli, seven w ere a c u te  g rave  m astitis , tw o  sem i-acu te  an d  necro tic  an d  
one w as chronic. S taph , aureus  caused acu te  g rave  m a s titis  in  one case, chronic 
p u ru le n t m astitis  in  six  cases and  ac tinom ycosis-like  p rocess in tw o cases. 
A m ong the  th ree  m ix ed  in fec tions, th e  single b ac te rio lo g ica lly  sterile case an d  
th e  five  cases in w h ich  th e re  was a m ixed  sap ro p h y tic  u d d e r  flo ra , chronic  
m a s titis  was found  in  4 cases an d  a sem i-acu te  process in  one case.

In  52 cases, th e  causa l agen t was iso la ted  only  from  th e  u d d e r an d  
su p ram am m ary  ly m p h  n o d es, in  47 cases also  from  som e of th e  o ther o rgans. 
O ne case was b ac te rio lo g ica lly  sterile .

The d issem ination  o f th e  pathogen ic  b a c te ria  ap p e a re d  to  be u n re la te d  
to  th e  acu te  or ch ron ic  n a tu re  of m astitis . In  p a r t  of th e  cases, d issem ination  
o ccu rred  in b o th  a c u te  g rav e  an d  chronic fo rm s, w hereas in  th e  o th e r p a r t  
all organs except th e  u d d e r  an d  su p ram am m ary  ly m p h  nodes were b ac te rio lo g ­
ica lly  sterile, regard less o f th e  n a tu re  of th e  process.

Gross lesions
L ym p h  nodes

N ext to  th e  u d d e r , lesions were m ost f re q u e n tly  found  in the  s u p ra ­
m am m ary  lym ph n o d es, w hich  were invo lved  in 72 cases. T he m ost f re q u e n t
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Table I

Frequency of gross lesions according to causal agent

Gross lesions according to organ and type 
of change
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Swelling of spleen 1 3 10 6 5 6 2 _ i 4 3
In farc tio n s in spleen
Swelling of su p ram am m ary  lym ph

2 6
~ “

8

nodes
P u ru len t in flam m ation  of supra-

2 0 8 6 4 6 3 3 50

m am m al lym ph nodes 
Necrosis in su p ram am m ary  lym ph

1 4 5 1 i — — — 12

nodes
A ctinom ycosis-type m étastasés in

6 1 7

supram am m ary  ly m p h  nodes 3 — — — — — — — 3
Swelling of regional ly m p h  nodes 4 3 2 — 2 — — l 12
Necrosis in regional ly m p h  nodes — 4 — — 1 — — — 5
F a t ty  degeneration in  liver 3 3 4 2 2 1 — l 16
N ecro tic-in flam m atory  foci in liver 
F a t ty  degeneration -f- necrotic-in-

6 12
” "

2 2 0

flam m ato ry  foci in  liver 1 2 — 1 — — — — 4
F resh  haem orrhagic in farc tio n  in liver 1 — — — — — — — 1
Ic te ru s 2 1 1 — — — — — 4
Swelling of gall-b ladder 3 4 — — 1 — — — 8
C holecystitis — 1 — 1 — — — — 2
F a t ty  degeneration in  k idneys 1 — — — 1 — — — 2
P u ru len t nephritis due to  m etastasis — 1 — 1 — — — — 2
In farc tions in k idneys — 5 — 1 2 — — — 8
Focal in te rstitia l nep h ritis 1 6 — — — — — — 1 17
L ung processes due to  m etastasis 1 1 1 — 1 — — — 4
A rth ritis
D istrib u tio n  of 100 cases of m astitis

8 3 4 1 — 1 — 1 18

according to th e  causal agent 33 25 14 10 9 5 l 3

change was a sim ple acu te  in fla m m a tio n , occurring  in  50 cases o u t of 72. 
T h e  swollen, en la rged  lym ph  nodes show ed m icroscop ica lly  follicular h y p e r ­
p lasia  and  sinus c a ta rrh .

P u ru le n t in flam m atio n  of th e  ly m p h  nodes w as re la tiv e ly  ra re  (12 cases), 
an d  grossly in a p p a re n t;  i t  w as u su a lly  de tec ted  on m icroscopic  ex am in a tio n . 
A ltho u g h  a p u ru le n t ly m p h o d en itis  occurred  w ith  all a g e n ts  stud ied , C. p y o ­
genes (5 cases o u t of 14) and  K . pneum on iae  (4 of 25 cases) w ere m ost fre q u e n tly  
responsib le for i t .

F resh  or ch ron ic  sep tic  in fa rc tio n  of th e  su p ram am m al ly m p h  nodes 
(F ig . 1) was fo u n d  in  seven cases, o f w hich six w ere d u e  to  K . pneum oniae  
an d  one was due  to  E . coli.

M icroscopic m é ta s ta sé s  to  th e  su p ram am m al ly m p h  nodes were observed  
in  th ree  cases of ac tinom ycosis-like  Ps. aeruginosa  m a s titis , w hereas no 
m étastasés  o ccu rred  in  tw o  s im ila r processes caused b y  S taph , aureus.
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F ig . 1. F resh  in fa rc tio n s  in  a  su p ram am m al ly m p h  node (K lebsie lla -m astitis )

T h e in terna] iliac ly m p h  nodes an d  less often  also o th e r  lym ph  nodes 
(p rae scap u la r , popliteal) ip s ila te ra l to  th e  affec ted  (s) u d d e r  w ere swollen 
a n d  ex h ib ited  red d en in g  in  12 cases.

In fa rc tio n s  of th e  reg io n a l ly m p h  nodes were observed  in  K . pneum o- 
n io s -m a s titis  and  in  one case o f Staph, aureus  m astitis  (in th re e  cases th e  
in te rn a l  iliac and  in  one case each th e  p o p lite a l and  p ra e sc a p u la r  ly m p h  
n o d es w ere involved).

Spleen

Splenic lesions o ccu rred  in  51 cases; th e  m ost f re q u e n t change was a 
h y p e ra e m ic  or h y p e rp la s tic  sw elling (F ig . 2) w hich was u su a lly  associated  
w ith  processes due to  S ta p h , aureus , C. pyogenes or K . pneum on iae .

In fa rc tio n s  of th e  sp leen  occurred  in  8 cases. F o rm e rly  these  w ere 
o b se rv e d  exclusively in  K . pneum oniae  m a s titis  (Fig. 2), b u t  in  th e  p re sen t 
s tu d y  tw o  of th e  e ig h t cases w ere asso c ia ted  w ith  an  actinom ycosis-like  
ch ro n ic  process due to  P s. aeruginosa.

L iver

F o rty -o n e  cows, a su rp ris in g ly  h igh  p e rcen tag e  of th o se  diseased in 
m a s tit is  had  liver lesions: 16 show ed f a t ty  degenera tion , 20 n ecro tic -in flam ­
m a to ry  foci, 4 bo th  k in d s o f change and one h ad  a fresh , h aem o rrh ag ic  in ­
fa rc tio n .

F a t ty  degenera tion  u su a lly  occurred  in  processes d u e  to  C. pyogenes 
(4 cases), Staph, aureus (2 cases) or E . coli (2 cases), h u t it  w as also observed
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Fig. 2. H yperp lasia l sw elling of th e  spleen in  K lebsiella-m astitis . A t to p ; C ontro l section
from  h e a lth y  an im al

w ith  K . pneum oniae  (3 cases) and  Ps. aeruginosa  m a s titis . M icroscopically , 
th e  f a t ty  d egenera tion  w as ch iefly  cen tro lo b u la r . On th e  basis  of case h is to ry  
bacterio log ical ex am in a tio n  an d  p o st-m o rtem  find ings, th e  liver lesions w ere 
reg ard ed  as being ae tio log ically  re la ted  to  m astitis .

T he n ec ro tic -in flam m ato ry  foci w ere assoc ia ted  w ith  K . pneum oniae  and  
Ps. aeruginosa  m a s titis  in  all excep t tw o  cases (one m ixed  in fec tion  w ith

Fig. 3. M any  in farc tio n s in  th e  spleen, p a r t  o f th e m  in  th e  process o f o rg an iza tio n  (K lebsiella­
m a s tit is )
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F ig . 4. Large anaem ic in fa rc tio n  in  th e  spleen of a cow diseased  in  chronic actin o m y co sis­
like m as titis  due to  Ps. aeruginosa

E . coli +  Staph, aureus  a n d  a n o th e r w ith  S taph , aureus -f- C. pyogenes)  an d  
w ere  tw ice as f re q u e n t w ith  Klebsiella  m astitis .

The n ec ro tic -in flam m ato ry  liv er lesions caused b y  K . pneum oniae  and  
P s. aeruginosa d iffe red  s lig h tly  from  one a n o th e r  in gross ap p earan ce . T he 
foci occurring in  K . pneum on iae  m astitis  ran g ed  in size from  th a t  o f a p in ­
h e a d  to  a m illet seed or even  rice g rain , an d  w ere n u m ero u s (F ig. 5), w hereas 
th o se  caused by  P s. aeruginosa  w ere often  h a rd ly  v isib le  to  th e  n ak ed  eye 
a n d  usually  few er in  n u m b e r (Fig. 6).

F ig . 5. M any in fla m m a to ry -n e c ro tic  foci and f a t ty  degen era tio n  in  th e  liver (K lebsiella-
m astitis)
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Fig. 6. In flam m ato ry -n ec ro tic  foci o ccu rrin g  sporad ica lly  and  in sm all groups in th e  liver 
o f a cow d iseased  in chronic ac tin o m ycosis-like  m as titis  due to  Ps. aeruginosa

In  one case of ac tinom ycosis-like , chronic P s . aeruginosa  m a s titis , 
a p a r t  from  an  in flam m ato ry  ce llu la r reac tio n  in th e  p e rip o rta l spaces, a fresh  
haem orrhag ic  in fa rc tio n  of th e  size o f a w a ln u t w as found .

In  eight cases, a double to  tre b le  en la rg em en t an d  m u ra l th ick en in g  of 
th e  ga llb ladder w as observed a lo n g  w ith  th e  liver change. T he c o n ten ts  o f 
th e  invo lved  cho lecyst were th ic k e r  an d  d a rk e r th a n  no rm ally . M icroscop­
ica lly  in  six cases oedem a and  a v e ry  low degree of p e riv ascu la r in fla m m a tio n  
w ere found ; in tw o cases th e re  w as a severe, acu te  cho lecystitis .

In  th ree  cases th e  fa t ty  d e g en e ra tio n  an d  in  one case th e  f a t ty  d eg en e ra ­
tio n  -)- n ec ro tic -in flam m ato ry  chan g es w ere accom pan ied  b y  ic te ru s  (in tw o  
cases of Ps. aeruginosa  and  in one case each  of K . pneum oniae  an d  C. pyoge­
nes m astitis).

K idneys

R enal lesions are freq u en tly  asso c ia ted  to  in fectious bov ine  m a s titis .
A lthough  th e  k idneys of th e  d iseased  cows are  o ften  lig h te r  in  co lour 

th a n  no rm ally , o r even yellow ish, a f a t ty  d eg en era tio n  of th e  k id n e y  could  
be  confirm ed m icroscopically  in  o n ly  tw o  cases. (In  one case of S taph , aureus  
m a s titis , f a t ty  deposition  was fo u n d  in  th e  tu b u la r  ep ithe liúm , in  th e  o th e r  
case, due to  Ps. aeruginosa, th e  f a t ty  d eg enera tion  w as assoc ia ted  w ith  a 
focal in te rs titia l n ep h ritis) . In  b o th  cases, th e  ag en t w as iso la ted , a p a r t  from  
th e  u d d er, also from  the  k idney , in d ic a tin g  a re la tio n sh ip  of th e  f a t ty  ren a l 
degenera tion  w ith  m astitis .
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Fig. 7. A n aem ic  in farc tion  in th e  k id n ey  (K lebsiella-m astitis )

M etasta tic  p u ru le n t  n ep hritis  a sso c ia ted  w ith  m icroscopic abscess fo r­
m a tio n  w as ra re , o c c u rrin g  only in one case each  of E . coli an d  K . pneum onias  
m astitis .

A naem ic in fa rc tio n s  of the  k id n e y  w ere m ore fre q u e n t (8 cases); these  
w ere associated  in  f iv e  cases w ith  K . pneum on iae  m astitis  (F ig. 7) an d  in  one 
case each  w ith E . coli an d  Staph, aureus m a s titis . In  th e  la t te r  case, th e  n e c ro t­
ic change invo lved  th re e  com plete re n a l lobules (F ig . 8).

Ps. aeruginosa  m a s titis  was v e ry  o ften  accom pan ied  b y  focal in te r ­
s titia l n ep h ritis  (16 o u t  of 33 cases). L a t te r  occurred  in only one case w hen

Fig. 8. C o m p le te  necrotized re n a l lobule in  Staph, aureus m as titis
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F ig. 9. Foca l in te rs ti tia l  n ephritis  (actinom ycosis-like  chronic m as titis  due to  Ps. aeruginosa)

th e  pa th o g en ic  ag en t was d iffe ren t. In  som e cases th e  co rtica l lesions w ere 
h a rd ly  v isib le to  th e  naked  eye, in  o th e r  cases th e y  w ere severe  a n d  con­
sp icuous (F ig. 9).

L ungs

T h e lungs w ere ra re ly  in v o lv ed , m a in ly  in  those  cows w hose general 
co n d itio n  was v e ry  poor. A severe in te rs ti t ia l  em physem a was a lw ays p re sen t 
w ith  th e  lesions described below .

In  one case each of K . pneum oniae  a n d  C. pyogenes m a s titis  a few  sp o ra d ­
ic, p a r t ly  o rganizing  septic  in fa rc tio n s  w ere seen in  th e  p u lm o n a ry  p a re n ­
ch y m a. One cow, diseased in  Staph , aureus  m astitis  associa ted  w ith  sep tikae- 
m ia , h a d  sm all m e ta s ta tic  abscesses in  th e  b ronchopneum on ia l lu n g  areas, 
from  w hich th e  cau sa tiv e  ag en t of th e  u d d e r process w as iso la ted . A n o th e r 
cow, d iseased  in  an  actinom ycosis-like , chronic  Ps. aeruginosa  m a s titis , h ad  
a few m e ta s ta tic  abscesses of th e  ac tinom ycosis  ty p e  in th e  p u lm o n a ry  lobes.

Jo in ts

A rth ritis  occurred  in 18 cases. U su a lly  tw o or m ore jo in ts  becom e in ­
v o lv ed , chiefly  th e  b ila te ra l c a rp a l, m e ta c a rp a l and  knee jo in ts , less often  
th e  h ip  jo in t;  invo lvem en t of a single jo in t  was ra re . A p u ru le n t a r th r it is  
w as also ra re : i t  w as associated  w ith  one case each of C. pyogenes a n d  K . 
pneum oniae  m astitis .
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T h e lesion w as g en era lly  ch a rac te rized  b y  a serous-je llinaceus deposition  
in  th e  capsule and  p e r ia r th r i t ic  tissue , an d  accu m u la tio n  of a m edium  q u a n ti ty  
of se rum  in th e  a r t ic u la r  cav ity . T h in n in g  o f th e  ca rtilag e  was nearly  a lw ays 
o b se rv ed , along w ith  u su ra tio n  in  an  area  of th e  size of a sm all coin. A f i ­
b rin o u s  in flam m atio n  o f  th e  tend in aceo u s sh e a th s  an d  synov ial b u rsa  w as 
fre q u e n t. In  a single case  of Ps. aeruginosa  m a s titis , th e  causal ag en t w as 
iso la te d  from  th e  sy n o v ia l flu id .

Other organs

O th er organs ra r e ly  show ed lesions w hich  could  be reg ard ed  aetio log i- 
ca lly  re la te d  to  m a s tit is .  In  one case of E . coli m a s titis  th e re  w as an  ex ten siv e  
Z en k er-ty p e  w axy  d eg e n e ra tio n  of ce rta in  m uscles, an d  in  one case of S taph , 
aureus  m astitis  m a n y  m u scu la r haem orrhages w ere found  all over th e  b o d y . 
A circum scribed  f ib r in o u s  p leu ritis  w as p re se n t in  one case each of E . coli 
a n d  P s. aeruginosa  m a s tit is  an d  defic ien t b leed in g  w as observed  in  a few  
o th e r  cases.

Changes u n re la te d  to  m astitis  (p e rfo ra tio n  o f th e  abom asum , m e tritis , 
e tc .) w ere of course fo u n d  a t  th e  p o st-m o rtem  ex am in a tio n  of several cows. 
T hese lesions w ere ta k e n  in to  considera tion  a t  ev a lu a tio n .

Discussion

I t  follows fro m  th e  p resen t find ings th a t  in  acu te  or chronic bov ine  
m a s tit is  caused b y  P s. aeruginosa , K . pneum oniae , E . coli, C. pyogenes, S taph , 
aureus  or th e ir  co m b in a tio n s , organs o th e r th a n  th e  u d d e r (su p ram am m ary  
an d  o th e r lym ph n o d es, spleen, liver, ga llb lad d er, k idneys, lungs and jo in ts) 
o ften  becom e in v o lv ed  b y  th e  causal ag en t of th e  u d d e r  disease.

A t th e  p o s t-m o rte m  exam in a tio n  of 100 cows s lau g h te red  for m astitis , 
on ly  9 h ad  no o th e r  b u t  u d d er lesions.

S ix teen  cows show ed  invo lvem en t of th e  su p ra m a m m a ry  ly m p h  nodes 
a n d  spleen, in th e  fo rm  of a slight or m ark ed  sw elling.

In v o lv em en t o f one or m ore organs a p a r t  from  th e  u d d e r was observed  
in  75 cases and  a g re a t v a r ie ty  of gross lesions w as fo und . T hese were clearly  
sep tik aem ic  lesions d u e  to  th e  ag en t responsib le  fo r th e  m astitis . T he sp read  
of th e  causal a g e n t v ia  th e  blood stream  w as fo u n d  to  occur freq u en tly  in  
b o v in e  m astitis ; i t  h a d  been  d em o n stra ted  b y  one of us (Sz á za d o s , 1972) in 
80, 61.1, 64.5, 59.4 a n d  50%  of th e  cases due to  E . coli, Ps. aeruginosa, C. 
pyogenes, K . p n eu m o n ia e  an d  Staph, aureus, re sp ec tiv e ly . R oughly  th e  sam e 
p ercen tag e  occurrence  w as found  in  th e  p re se n t s tu d y .

T he occurrence o f organic lesions in a ssoc ia tion  w ith  bovine m astitis  
sh o u ld  alw ays be  co n sid ered  for b o th  clinical a n d  po st-m o rtem  diagnosis.
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T he clinical consequences of o rgan ic  lesions should  b rie fly  be discussed 
here. H e i d r i c h  a n d  R e n k  (1963) as well as D i e r n h o f e r  (1950) rem ark ed  
th a t ,  a p a r t from th e  reg ional changes of th e  u d d e r  and su p ra m a m m a ry  lym ph  
nodes, acu te  g rave  bov ine  m astitis  (acu te  p a ren ch y m a to u s  m astitis )  is c h a r­
ac te rized  by  a sev ere  general c o n d itio n . A ccord ing  to  o u r ow n experience, 
th e  general sy m p to m s are  especially  severe in  th e  adv en ced  s tag e  of m astitis , 
w hen  em ergency s la u g h te r  becom es necessary . D i e r n h o f e r  described  th e  
m ain  sym ptom s as sh ivering, e n te r itis , fu n c tio n a l d iso rders of th e  fore- 
sto inachs, a r th r it is  a n d  nephritis ; m o s t of these  can  easily  be exp la ined  by  th e  
organic lesions d esc rib ed  in th is re p o r t .  T he em erg en cy -s lau g h te r ce rtificates 
p resen ted  w ith th e  cow s exam ined b y  us often  included  d a ta  in d ica tin g  pain  
in th e  fo restom ach  reg ion  (p erfo ra tio n  of abom asum ) or diffuse abdom ina l 
pa in  (en teritis , m e tr i t is ,  nephritis) as th e  m ain  tro u b le , a n d  li ttle  m en tion , 
if  an y , was m ade o f m astitis . O n ly  p o st-m o rtem  ex am in a tio n  revealed  th a t  
th e  case h isto ry  w as erroneous, m a s tit is  being  th e  basic d iso rder.

C onsideration  o f  th e  organic lesions is also  useful fo r th e  p o st-m o rtem  
diagnosis; ce rta in  a g e n ts  cause ty p ic a l gross lesions w hich p e rm it aetio logical 
conclusions before th e  bacterio log ical ex am in a tio n  is concluded .

The p o st-m o rtem  findings a re  m ost ch a rac te ris tic  w ith  th e  K . pneum o­
niae m astitis  ( F o r r a y  e t ah, 1969). A p a rt from  th e  grossly v isib le  anaem ic 
in fa rc tions of th e  u d d e r , such changes m ay  be p re sen t in  th e  su p ram am m ary  
and  o th e r ly m p h  n o des, as well as in  th e  spleen, k idneys an d  lungs. A lthough  
necro tic  changes o f th e  su p ram am m ary  ly m p h  nodes m a y  som etim es occur 
in  E . coli m astitis  —  a single case w as en co u n te red  in th is  s tu d y  —  th e  s im u l­
tan eo u s ap p earan ce  o f in farctions in  several o rgans is of a d iagnostic  v a lue  
for K . pneum oniae  m astitis . N um ero u s, grossly easily  v isib le  nec ro tic -in flam ­
m a to ry  foci in th e  liv er are also in d ica tiv e  of th e  la t te r  cond itio n . E . coli 
m astitis , w hich ca n  easily be m isd iagnosed  fo i K . pneum oniae  m astitis  if  
only th e  ud d er is exam ined , scarce ly  affects o th e r  o rgans. Sw elling of th e  
su p ram am m ary  ly m p h  nodes an d  sp leen  an d  less often  a liv e r d egenera tion  
m ay  occasionally  be  presen t.

The actinom ycosis-like ch ron ic  m astitis  due to  P s. aeruginosa  is c h a r­
ac terized  by a focal in te rs titia l n e p h ritis , w hich  seems to  be ex cep tional in  
m astitid es  of o th e r  aetio logy, an d  n e v e r w as observed  in  m a s titid e s  of a c tin o ­
m ycosis ch a ra c te r  caused  by  S taph , aureus. O th e r f req u en t changes occurring  
in  association  w ith  th e  chronic P s. aeruginosa  m astitis  a re  spo rad ic  necro tic- 
in flam m ato ry  foci in  th e  liver, w h ich  are  as a ru le  h a rd ly  v isib le  to  th e  n ak ed  
eye, and  a rtic u la r  lesions (u su ra tio n  of ca rtilag e , sw elling of capsule, etc .).

The av a ilab le  observations suggest th a t  th e  e x tra m a m m a ry  lesions a re  
n o t conclusive o f th e  aetiology o f m a s titis  caused  b y  C. pyogenes an d  Staph, 
aureus. A lthough  p u ru le n t p rocesses of th e  su p ra m a m m a ry  ly m p h  nodes, 
k idneys and  lungs w ere re la tiv e ly  often  en co u n te red  in  m astitid e s  caused
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b y  these  agen ts, ex am in a tio n s  on a la rg e r group o f an im als  are  req u ired  to  
e s tab lish  th e ir  d iag n o stic  va lue .

*
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P écs for th e ir assistance  in  collecting th e  te s t  m ate ria ls used  in  th is  s tu d y .

SU M M A RY

One hun d red  cows w ith  m as titis  w ere exam ined  a fte r s la u g h te r  for gross an d  m icro ­
scopic lesions as well as bacterio log ica lly , w ith  special reg ard  to  e x tra m a m m a ry  lesions. 
In  b o th  acute and ch ro n ic  fo rm s of m as titis  caused  by Ps. aeruginosa, K . pneum oniae , E . coli, 
C. pyogenes, Staph, aureus  or th e ir  co m b in a tio n s, organic lesions in d ica tiv e  of th e  h aem ato - 
gen ic  spread of th e  causal ag en t (s) of m as titis  were o ften  en co un tered .

The percen tage  occurrences of th e  d iffe ren t k inds of lesions w ere as follow s: sw elling 
o f th e  spleen, 43%  ; sp lenic  in farc tions, 8 % ; sw elling of th e  su p ram am m ary  ly m p h  nodes, 
5 0 % ; p u ru len t in fla m m a tio n  of th e  su p ram am m ary  lym ph  nodes, 12% ; n ecro tic  lesions 
o f th e  su p ram am m ary  ly m p h  nodes, 7 % ; ac tin o m ycosis-type  m éta s ta sé s  in  th e  su p ra m am ­
m a ry  lym ph  nodes, 3 % ; sw elling of th e  reg ional ly m p h  nodes, 12% ; necro tic  change of the  
reg io n a l lym ph nodes, 5 % ; f a t ty  degen era tio n  of th e  liver, 16% ; necrob io tic  foci in  th e  liver, 
2 0 % ; f a t ty  degeneration  p lu s necrob io tic  foci in th e  liver, 4 % ; ch o lecystitis , 2 % ; fresh  h aem ­
o rrh ag ic  in farc tion  of th e  liver, 1% ; in fa rc tio n s of th e  k id n ey s , 8 % ; p u ru le n t m e ta s ta tic  
n e p h ritis , 2% ; fa tty  d eg en era tio n  of th e  k idneys, 2 % ; focal in te rs ti tia l  n e p h ritis , 17% ; 
m e ta s ta t ic  pu lm o n ary  processes, 4 % : a r th r it is ,  18% .

T he p a tho log ica l p ic tu res  in association  w ith  infectious m a s titis , especially w ith  those 
cau sed  b y  K . pneum oniae  and  Ps. aeruginosa , are so ch ara c te ris tic  th a t  aetio log ical con­
c lusions can be d raw n  p rio r to th e  com ple tion  of bacterio log ical ex am inations.

In  m astitis  due  to  K . pneum oniae , anaem ic  in farc tions m ay  be p re sen t a p a r t  from  th e  
u d d e r  in th e  su p ram am m ary  and  o th e r ly m p h  nodes an d  in  th e  sp leen , k idneys an d  lungs. 
N ecro tic -in flam m ato ry  foci, ran g in g  in size from  p in -head  to  m ille t seed are as a ru le  sim ul­
tan e o u s ly  p resen t in  th e  liver.

In  the  actinom ycosis-like  chronic m a s tit is  caused by  Ps. aeruginosa , a focal in te r ­
s t i t ia l  nephritis w ould o ften  occur in a d d itio n  to ac tinom ycosis-type  foci in th e  u d d e r. In  th is 
ty p e  of m astitis , th e  n ec ro tic -in flam m ato ry  focal lesions of th e  liver are grossly scarcely 
v isib le , b u t  th e  jo in ts  f req u e n tly  becom e involved .
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C attle  serum  tra n s fe rr in  has been  show n to  ex is t in  sev era l d iffe ren t genetically  de ­
te rm in ed  form s in  v a rio u s  b reeds of d o m es tica ted  ca ttle  ( Bos taurus  an d  Bos ind icus). A p a rt 
from  som e abnorm al cases (Sartore  a n d  B ernoco , 1966; Sp o o n e r  an d  B a x t e r , 1969) 
so fa r  tw elve norm al se ru m  tran sfe rrin  alleles — i.e. each  e x h ib itin g  a se t of four, five  or 
six d is tin c t p ro te in  b a n d s  depending u p o n  th e  m ethod  ap p lied  —  h av e  been d e m o n s tra ted  
by  s ta rch  gel e lectrophoresis. These a re  in  th e  order of d ecreasing  e lectro p h o re tic  m ob ility , 
using  th e  n o m enclatu re  o f J amieson  (1966) in detail, as follow s: T fH; T fAl ;  T fPyhäjoki; TfA2; 
T fB; T fDl;  T fD2 ; T F ;  T fN; T fE; T fG and  T f x (H ickman  an d  Sm i t h i e s , 1957; As ht on , 1958, 
1959; Ga h n e , 1961; O s t e r h o f f  and  v a n  H e e r d e n , 1964; A shton  an d  L a m p k in , 1965; 
K ris tja n s s o n  and  H ic k m a n , 1965; Va s e n i u s , 1965; Sa r t o r e  an d  B ern o co , 1966; B r a en d  
a n d  K h a n n a , 1967; A b e  e t  ah, 1968). H ow ever, th ree  o f th em , nam ely  th e  f irs t th ree , have  
n o t y e t  been com pared  d irec tly . In  his re c e n t paper Va s e n i u s  (1971) p resen ts  evidence for 
th e  new  T fPyhäjoki v a r ia n t  on the  basis o f  fam ily m ate ria l p ro v in g  t h a t  th e  new  v a ria n t was 
p ro d u ced  by m u ta tio n . T he alleles T fA2; T fDl ;  T fD2 an d  T fE a p p ea r  to  be com m on to  all 
b reeds, b u t  the  o th ers  a re  p resen t only in  certa in  b reeds a n d  th e ir  gene frequencies are v ery  
low. M oreover, th e  gene frequencies o f th e  above-m entioned  fo u r re la tiv e ly  freq u en t alleles 
show  also wide d ifferences am ong c a t t le  breeds.

In  th is p a p e r  th e  occurrence of a new tra n s fe r r in  v a r ia n t is rep o rted , 
w hich was firs t fo u n d  in tw o H u n g a ria n  S p o tted  (F leckv ieh ) ind iv iduals d u r ­
ing ou r studies on serum  tra n s fe rr in s  of d iffe ren t H u n g a ria n  ca ttle  b reeds. 
T h ese  tw o an im als show ed a set o f  slow -m oving tra n s fe r r in  b an d s in h e te ro ­
zygous co m b in a tio n  w ith  th e  b a n d s  of allele T f D2. T h e  new  v a r ia n t show s 
slow er e lec tro p h o re tic  m obility  th a n  the  b an d s of allele T fE (F ig. 1). T he 
s ta b ili ty  of these  u n u su a l p a t te rn s  was confirm ed b y  re p e a te d  blood collec­
tio n s from  the  sam e an im als. In  accordance  w ith  th e  suggestions of th e  FAO 
N om encla tu re  C om m ittee  ( A s h t o n  et al., 1967) th e  new  v a r ia n t is called 
te n ta tiv e ly  T f 'Hungary.

In  order to  disclose a possib le  id e n tity  w ith  T f x ( A b e  e t a l., 1968), a 
com parison  w ith  a serum  sam p le  received from  D r. A b e , con ta in ing  th e  
allele T fx, was ca rr ied  ou t. S ta rc h  gel e lec trophoresis w as used  following the  
tech n iq u e  of M a k a r e c h i a n  a n d  H o w e l l  (1966) w ith  s lig h t m odifica tions. 
On th e  basis o f th is  com parison  th e  id e n tity  h as  b een  excluded  (Fig. 1). T fx 
show s m uch slow er e lec tro p h o re tic  m obility  th a n  th e  new  v a r ia n t. As regards 
th e  T fG, rep o rted  b y  O s t e r h o f f  an d  v a n  H e e r d e n  (1964), we w ere u n ab le  
to  m ak e  any  com parison , because  reference sam ples c o n ta in in g  th is  v a r ia n t  
w ere n o t ava ilab le  ( O s t e r h o f f , 1971, personal com m u n ica tio n ).
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F ig . 1. P h o to g rap h  of a gel d e m o n s tra tin g  th e  tran s fe rrin ” p h e n o ty p e s  D 2̂ Hungarv’ D2E

an d  Л о х

F u rth e r  fam ily  s tu d ie s  w ere u n d e r ta k e n  to  fin d  o th e r  in d iv id u a ls  pos 
sessing  th is ra re  allele. B lood sam ples w ere collected  from  all th e  herds in 
w h ic h  th e  occurrence o f th e  new  T f y  w as susp ec ted . So th e  existence 
o f th is  v a r ia n t w as p ro v ed  in  sev en  cases: one T fA2 /T f'IIullgary an d  six 
T f D2 /T fIHungary p h en o ty p es  w ere fo u n d . Such a d is tr ib u tio n  o f pheno types, 
h o w ev e r, is well ex p la in ab le  consid erin g  th e  gene freq u en cy  v a lu es  in the 
b re e d  (Soos et a l., in  p re p a ra tio n ) .

F u r th e r  fam ily  in v es tig a tio n s  w ill be m ade to  e s tab lish  th e  m an n e r of 
in h e rita n c e  of th e  T f rHungary v a r ia n t.

SU M M A RY

A new type  of c a ttle  serum  tra n s fe rr in , te n ta tiv e ly  te rm ed  ТН|-1ипцаГу, w as found 
in  th e  H un g arian  S p o tted  (F leckv ieh ) b reed . I t  h as a slower e lec tro p h o re tic  m ig ra tio n  ra te  
t h a n  T fE in s ta rch  gel e lectrophoresis. O ur fam ily  stud ies suggest t h a t  th e  new  ty p e  is in­
h e r ite d  as a co-dom inant t r a i t .
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In  th e  la s t  y e a rs  a  g reat n u m b er o f s tra in s  o f M ycoplasm atales  hav e  been iso la ted  
fro m  various o rgans o f swine (Ma r t in  e t  ah , 1968; D zu  a n d  S c h im m el , 1971; Sch im m el  
a n d  P ustovar , 1971). M ost of th e  s tra in s  grew  fa s t even  on serum -free  m edium , and sp litte d  
glucose. In  tu b e  ag g lu tin a tio n  te s t, slide ag g lu tin a tio n  te s t  re ad  b y  p h a se -c o n tras t m icroscope 
(S chim m el an d  H u b r ig , 1968; Ma r tin  e t  al., 1968; Sch im m el  an d  D zu , 1969) as well as 
in  agar-gel p re c ip ita tio n  te s t  stra in s  d iffe ren t in  an tig en  s tru c tu re  hav e  been d istingu ished .

R esu lts of th is  in v estig a tio n  p ro m p ted  us to  exam ine one s tra in  o f 
each sep a ra ted  g roup  biochem ically  an d  serologically  com paring  w ith  in te r ­
n a tio n a lly  accep ted  reference s tra in s .

M ateria ls and M ethods

Strains

T he s tra in s  D 2/1634, D J1010 , D ,/10 P , D8/2775, D9/1816, D 10/1270, 
D n /3097 an d  D la/252 were o b ta in ed  from  th e  co llection  of th e  In s t i tu t  fü r  
bak te rie lle  T ierseuchen fo rschung  d er D eu tschen  A kadem ie  der L a n d w ir t­
schaftw issen sch aften  zu B erlin , Jen a -Z w ä tzen , D D R , th e  s tra in s  A . laidlaivii 
A PG  8, A . la id law ii B F-8, A . granu larum  (F rien d ), A . axanthum  (ATCC 
25176) and  A . sp . P G  49 (Squire) reference s tra in s  used  for com parison  from  
th e  FA O /W H O  In te rn a tio n a l R eference C en tre  fo r A nim al M ycoplasm as 
( In s ti tu te  of M edical M icrobiology, U n iv e rsity  of A arh u s , A arhus, D en m ark ).

The s tra in s  w ere in dried  s ta te  in am poules w hich w ere opened u n d e r 
sep a ra ted  co n d itions, th e y  w ere in o cu la ted  in to  B E  flu id  m ed ium , an d  c u lti­
v a te d  for 3 days. O ne p a r t  of th e  cu ltu res  w as dried  again  for sto ring , a n o th e r  
p a r t  was filte red  th ro u g h  M illipore (G SW P 02500, 25 ea GS 0.22 //m) f ilte r , 
an d  th e  f iltra te s  w ere in ocu la ted  on to  B E  ag ar p la te s . A fte r 3 days of c u ltiv a ­
tio n  2 colonies w ere picked up  from  each s tra in  fo r fu r th e r  su b cu ltiv a tio n  a n d  
tran sfe rred  in to  sep a ra ted  tu b es con ta in ing  B E  flu id  m ed ium . S u b cu ltu res  
w ere f ilte red  a f te r  3 days an d  th e  w hole p rocedure  w as re p e a te d . All s tra in s  
were cloned 3 tim es an d  the  su b cu ltu res  th u s  o b ta in ed  w ere used  for in v e s ti­
ga tion .
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M edia

F o r ex am in a tio n  o f c u ltu ra l p ro p e rtie s  of th e  s tra in s  th e  B E  m edium  
used  in  th e  W H O  C entre  was u sed . B iochem ical, re s is tan ce  a n d  serological 
te s ts  w ere perform ed in  v a rio u s  m od ifica tio n s of B E  m edium .

Biochem ical and resistance tests

T he following p ro p e rtie s  o f s tra in s  w ere ex am in ed : glucose- (under 
aerob ic  an d  anaerob ic  co nd itions), m annose-, D -galactose-, sucrose-, m an n ito l-, 
D -so rb it-, D-cellobiose- a n d  xylose-decom posing , a rb u tin  a n d  aescu lin  hydro- 
ly sa tio n , 2 ,3 ,5 -trip h en y lte trazo liu m ch lo rid e -, p o tassium  te llu r ite - , an d  m e­
th y len e  b lue-reduc tion  (u n d er aerob ic  a n d  anaerobic  cond itions), cholesterol 
req u irem en t, serum  d igestion , p h o sp h a ta se  p ro d u c tio n , “ film  an d  sp o t”  fo r­
m atio n , sen s itiv ity  to  sodium  ch lo ride , m ethy lene  b lue , T w een  80, sodium  
azide, sodium  tau ro c h o la te , sodium  p o ly an e th o lsu lp h o n a te  ( K u n z e , 1971), 
d ig iton in , p H  : 5.5 an d  p H : 9.5, E ry th ro m y c in , K an am y cin  an d  P o ly m y x in  B.

Serological tests

T he s tra in s  w ere ex am in ed  in  g ro w th -in h ib itio n  (C l y d e , 1964) te s t on 
vario u s ag ar m edia an d  a t  d iffe ren t te m p e ra tu re s , in in d irec t liaem agg lu tina- 
t io n  te s t  ( K r o g sGa a r d , 1972), an d  in  im m unofluorescence te s t  ( R o s e n d a l  
a n d  B l a c k , 1971).

R esu lts

All s tra in s  grew well in  B E  m ed iu m , all excep t for D2/1634 grew b o th  
u n d e r aerobic  and  anaerob ic  co n d itio n s. T he D.,/1634 s tra in  p ro d u ced  visible 
“ fried  egg”  colonies a fte r  4 —5 d ay s, w hile o thers like th e  A . la id law ii reference 
s tra in s , a f te r  1— 2 days. E x am in in g  th e  p ro p erties  c h a ra c te ris tic  of achole- 
p lasm as, it was found  th a t  all s tra in s  req u ired  cholesterol, grew  on serum free 
m ed ium  an d  a t  te m p e ra tu re  22 °C, th e y  w ere re s is ta n t to  d ig ito n in  an d  to  
sodium  po ly an e th o l su lp h o n a te .

All s tra in s  decom posed glucose u n d e r aerobic an d  an aero b ic  cond itions, 
b u t  did n o t sp lit m annose, sucrose, D -galac tose , D -sorb it, m a n n ito l an d  xylose, 
d id  n o t hydro lyse  a rb u tin  and  did  n o t form  “ film  an d  sp o t” , d id  n o t p roduce 
p h o sp h a ta se , did no t d igest serum  a n d  d id  n o t reduce  p o ta ss iu m  te llu rite . 
T h ey  reduced  2 ,3 ,5 -tr ip h en y lte trazo liu m ch lo rid e  u n d e r b o th  aerob ic  an d  a n ­
aerobic  cond itions, an d  red u ced  m e th y len e  b lue u n d er an ae ro b ic  conditions.
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Table I

R esu lts o f  biochem ical assay s of Acholeplasma  s tra in s  isolated 
from  swine

S tra in s
B iochem ical te s ts

Aesculin A rb u tin G alactose Cellobiose X ylose

DJ1010 + — — 4 . —

D jo / 1 2 7 0 + - - + -
d 7/ io  p - - — + —
D8/2775 - - - + -
D9/1816 - - — — —

D h / 3 0 9 7 - - — — —
D12/252 - - — — -
D2/1634 — — — — —

D ifferent re su lts  w ere o b ta in ed  in  sp littin g  of cellobiose and  in aesculin- 
hyd ro ly sin g  te s ts  (T ab le  I). A esculin  was h y d ro ly sed  b y  s tra in  D 6/1010 and  
D jo/1270, cellobiose b y  D„/1010. D 10/1270, D8/2775 an d  b y  D 7/10 P . T he o th e r 
s tra in s  were n e g a tiv e .

All strains w ere  sensitive to  sodium  ta u ro c h o la te  an d  to  m ethy lene  blue 
an d  re s is tan t to  sod iu m  azide. T h e  s tra in s show ed d iffe ren t p ro p erties  in 
o th e r  sensitiv ity  te s ts  too  (Table I I ) .  The D 2/1634 an d  Da/2775 s tra in s  were 
sen sitive  to  sodium  chloride, th e  D 2/1634 s tra in  w as sensitive  to  T w een 80, 
p H : 5.5 and  9.5, w hile  D J1010 a n d  D 8/2775 failed  to  grow  a t  p H : 5.5, o th e r 
s tra in s  grew only in  th e  first p assag e  and  w ere n o t tra n sfe ra b le  on to  ag ar

Tabic II

Behaviour o f Acholeplasma  s tra in s  isolated from  swine in resistance tes ts

T e s ts
S tra in s

Sodium  ch lo ride Tw een 80 p H : 5.5 p H : 9.5

D J1010 R R s R

Dio/1270 R R R (l) R

Dj/10 P R R R (l) R

Dg/2775 S R S R

D 9/1816 R R R (l) R

D n /3097 R R R (l) R

DI2/252 R R R (l) R

D./1634 s S S S

Symbols used: S, sensitive; R, re s is ta n t
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Table III

Serological te s ts  o f Acholeplasma

S tra ins

R eference sera

A . axan t hum 
ATCC 25176

A . la id la w ii A 
P G  8

te s t :  G I I F IH A GI I F IH A

D6/1010 — — — 4.0 80 _
D10/1270 - — — P 1.5 80 4096
D,/10 p - — — P 2.5 80 80
D8/2775 — — - P 1.5 10 2048
D9/1816 — — — — 10 1024
Dn/3097 — — — — 10 4096
D13/252 — - — — 20 1024
D2/1634 - — - — — —

H om ologous antigen 3.0 80 1280 P 3.0 80 4096

Sym bols used: GI, g ro w th  inh ib itio n  te s t; IF , im m unofluorescence te s t;  IH A , in

m ed iu m  o f p H : 5.5. B eh av io u r of th e  s tra in s  ag a in st a n tib io tic s  w as alike, 
n a m e ly  th e y  were sen sitive  to  E ry th ro m y c in , th e ir  sen s itiv ity  to  K an am y - 
cin  w as w eak and  th e y  w ere re s is ta n t to  P o lym yx in  B.

Serological investigation

T h e stra ins reac ted  m o stly  w ith  th e  A . laidlaw ii reference sera . In  the  
g ro w th  inh ib ition  te s t th e  A . laid la tcii A PG  8 reference serum  gave positive 
re a c tio n  w ith  s tra in s D 6/1010, D lu/1270, D 7/10 P  and  D8/2775, b u t  n o t w ith  
th e  aescu lin  and  ce llob iose-negative s tra in s  Dg/1816, D u /3097 an d  D 12/252. 
In  c o n tra s t  to  these re su lts , th e  A . la id law ii B F-8 reference serum  in h ib ited  
all th e  above-m entioned  s tra in s . O th e r Acholeplasm a  sera d id  n o t in h ib it the  
g ro w th  of the  stra ins.

In  th e  im m unofluorescence te s t  th e  A . laidlawii A  PG  8 reference  serum  
re a c te d  up  to  its end t i t r e  w ith  s tra in s  D 6/1010, D 10/1270 an d  D 7/10 P  b u t 
on ly  in  a very  low (1 : 10) d ilu tio n  w ith  D8/2775 and  w ith  th e  aescu lin- and  
ce llob iose-negative s tra in s . A t th e  sam e tim e  th e  A . la id law ii B F-8  serum  
w as b o u n d  to  colonies o f all s tra in s  ex cep t for D8/2775 up  to  its  end  titre . 
T h e re  w as no reaction  w ith  o th e r  sera used.

In  th e  ind irect h a e m a g g lu tin a tio n  te s t  th e  A . la id law ii A P G  8 and 
A . la id law ii B F-8 sera a g g lu tin a te d  m ost of th e  s tra in s  a p p ro x im a te ly  up  to 
th e ir  end  titre s . The A . g ranu larum  (F riend ) serum  re a c te d  only  in  a very
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stra in s  isolated from  swine

R efe ren ce  sera

A .  la id la w ii В 
F-8

A .  g ra n u la ru m  
(F rien d )

A .  s p .  P G  49 
(Squire)

G I I F IH A GI I F IH A G I IF IH A

5.0 640 320 — _ — — — —

P 1.5 640 640 — — 160 — — —

P 2.5 640 4096 — — — — — —

P 3.0 10 4096 — — 40 — — —

P 2.0 640 1024 — — 20 — — —

P 1.0 640 4096 — — — — — —

P 1.5 640 4096 — — — — — —

4.5 640 8192 3.0 20 4096 4.0 80 1280

direct haem ag g lu tin a tio n  tes t

low d ilu tion  w ith  D lo/1270, D8/2775 an d  D 9/1816; th e  A . axanthum  (ATCC 
25176) and  A . sp . P G  49 (Squire) sera w ere nega tive .

T here w as no  positive serological reac tio n  b e tw een  th e  D 2/1634 s tra in  
and  Acholeplasm a  se ra .

Conclusion

T he firs t species of s te ro l-nonrequ iring  A choleplasm a , called A . la id law ii 
( E d w a r d  and  F r e u n d t , 1956), w as iso la ted  by  L a i d l a w  an d  E l f o r d  (1936). 
S ubsequen tly  th e  belonging  to  th is  species w ere genera lly  reg a rd ed  as sap ro ­
p h y tes . Since, h o w ev er, such w ere v e ry  o ften  iso la ted  from  patho log ica l 
m ateria ls  of h u m a n , bovine and  sw ine origin, a possible pa thogen ic  role of 
th e  species A . la id la iv ii was ra ised . U p to  now  how ever th e re  have been no 
d a ta  concerning d iffe ren tia tio n  of th e  sap ro p h y tic  an d  path o g en ic  A . la id ­
law ii s tra in s . O rig in a lly  3 types of A . la id law ii w ere described : ty p es A, В 
and  C ( L a i d l a w  a n d  E l f o r d , 1936; P i r i é , 1937). F o r th e  tim e  being only  
ty p es A and  В a re  accep ted . T heir in ten siv e  biological an d  serological ex am in a­
tio n  has n o t re v e a le d  any  differences ( T u l l y  an d  R a z i n , 1968). T here  w ere 
some divergences in  th e  e lec trophoretic  p a tte rn s  of m em b ran e  p ro te in s of 
th e  s tra in s  ( R o t t e m  an d  R a z i n , 1967).

R ecen tly  A .  la id law ii s tra in s  serologically  id en tica l w ith , b u t  b io ­
chem ically  d iffe ren t from , th e  reference s tra in s  have  been  iso la ted , viz. g lucose­

4* Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



312 STIPKO V ITS e t al.

n e g a tiv e  stra ins (H o are  a n d  H a ig , 1964; L e a c h , 1967), glucose an d  m an n o se­
p o s itiv e  stra ins (L e m c k e , 1964; H a y f l ic k  an d  S t a n b r i d g e , 1967), an d  
aescu lin -negative  (W il lia m s  and W i t t l e r , 1971) s tra in s .

In  an earlier w ork  S chimmel  an d  P ustovar  (1971) m ad e  d is tin c tio n  
b e tw e e n  A . laidlaw ii s tra in s  of d iffe ren t serological g roups b y  slide a g g lu tin a ­
tio n , tu b e  ag g lu tin a tio n  a n d  ag arg e l-p rec ip ita tio n  te s ts . In  th e  p re sen t w ork 
we h av e  d iffe ren tia ted  (1) aesculin- an d  cellobiose-positive, (2) aesculin- 
n e g a tiv e  and  cellob iose-positive, an d  (3) aesculin- an d  cellob iose-negative 
s tra in s . T he reference s tra in s , on th e  o th e r  h an d , w ere aescu lin -positive  and 
cellob iose-negative. So o u r s tra in s  d iffered  from  the  reference  s tra in s . De/1010 
a n d  D lo/1270 belong to  g roup  (1), D0/1010 stra in  differed from  th e  reference 
s tra in s  in  ag g lu tin a tio n  w ith  th e  A . la id law ii A PG -8 serum , w hich was 
n e g a tiv e , and in s e n s itiv ity  to  pH  5.5. G roup  (2) includes D7/10P an d  Dg/2775. 
D8/2775 was d ifferen t from  th e  reference s tra in s  in being  sensitive  to  p H  5.5 
a n d  to  sodium  ch lo ride a n d  reac tin g  w ith  reference A . la id law ii sera in  th e  
im m unofluorescence  te s t  in  a low d ilu tio n . G roup (3) w as rep resen ted  by  
s tra in s  D,j/1816, Du /3097 an d  D12/252, w hich  were no t in h ib ite d  in  th e  grow th- 
in h ib itio n  te s t by  th e  A . la id law ii A PG -8 reference serum  a n d  reac ted  w ith  
i t  on ly  in a low d ilu tio n  in  th e  im m unofluorescence te s t.

T here  was no co rre la tio n  betw een  th e  biochem ical p ro p ertie s  an d  th e  
re su lts  of resistance a n d  serological te s ts , excep t for th e  aesculin- and  cello­
b iose-negative  group , w h ich  was n o t in h ib ited  in th e  g ro w th -in h ib itio n  te s t 
b y  th e  A . laidlawii A P G -8  reference serum  and  reac ted  w ith  it  in  th e  im m u n o ­
fluorescence  te s t in  a low  d ilu tion .

I t  is therefore e v id e n t th a t  b iochem ically  d ifferen t v a r ia n ts  ex ist in the  
A . la id law ii species, b u t  i t  is necessary  to  reveal m ore d e ta iled  p ro p ertie s  of 
th e  s tra in s .

T he differences b e tw een  our s tra in s  an d  th e  reference s tra in s  can exp la in  
th e  ex istence of p a th o g en ic  s tra in s  in  th is  species. A ccord ing  to  earlie r stud ies 
am o n g  th e  stra ins ex am in ed  b y  us. Dg/2775, D 10/1270 an d  D la/252 p roved  to  
be pa thogen ic  (Ma r t in  e t  a l., 1968; D zu  e t al., 1971; R om vá ry  et al., 1970).

One of th e  ex am in ed  s tra in s  w as d iffferen t from  all th e  used  Achole- 
p la sm a  species in th e  b iochem ical, re s is tan ce  and serological te s ts , suggesting  
th a t  fu rth e r , still u n k n o w n  Acholeplasm a  species m ay  ex ist.
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SU M M A R Y

E ig h t A choleplasm a  strains iso la ted  from  th e  re sp ira to ry  tra c t  of sw ine w ere s tu d ied  
b iochem ically , sero logically  and in re s is tan c e  te s ts . O ne of th e  s tra in s  w as d iffe ren t from  
th e  A . laidlaw ii A P G  8, A . laidlawii B F -8 , A . granularum  (F riend), A . a xan thum  (ATCC 
25176) and  A . sp. P G  49 (Squire) re fe ren ce  s tra in s . O th ers  are regarded  as A . la id law ii, b u t  
som e of th em  were d iffe ren t from  th e  A . la id la w ii A  P G  8, and A . la id law ii B F  8 re ference  
s tra in s  in  aescu lin -hydro lysing  and in cellobiose-decom posing ab ility , som e —  in  absence  
of aescu lin -hydro lysing  b u t  a t the sam e tim e  in  p resence  of cellobiose-decom posing a b ili ty , 
a n d  som e in  absence o f aesculin and ce llo b io se-sp littin g  effect.
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IDENTIFICATION OF BOVINE M Y C O P L A S M A  
STRAIN ISOLATED FROM CATTLE

B y

L. S t ip k o v i t s

V eterin ary  M edical R esearch I n s t i tu te  of th e  H u n g a rian  A cadem y of Sciences 
(D irector: D . D er z sy ), B u d ap est

(R eceived F e b ru a ry  2, 1973)

In ten siv e  m y co p lasm a  research w as b e g u n  in  th e  la te  fo rties and  re su lted  in  iso la tion  
of m ycop lasm as from  d iffe ren t organs o f  c a t t le ;  re sp ira to ry  t r a c t  (H a m d y , 1968) g en ita l 
t r a c t  (B akos e t ah, 1962; B őgel e t al., 1962; A fsh a r  e t a l., 1966), u d d e r (H a le  e t  al., 1962), 
b lood , ly m p h  nodes, sp leen , liver ( J a s p e r , 1967), jo in ts  (H u g h es  e t ah , 1966), eye ( J a in  
e t ah , 1969) and surface  of the  skin (H a u k e  e t ah , 1967). D etailed  stud ies o f th e  iso lates 
h av e  show n th a t  th ey  u su a lly  differ from  th e  prev iously  iso la ted  m ycoplasm a species kno w n  
as M . mycoides var. mycoides (E dward  a n d  F r e u n d t , 1956), responsib le fo r bovine con­
tag io u s  pneum onia  (N ocard  and  R o u x , 1898) and  o ften  also from  one a n o th e r. As a re su lt 
o f c o m p ara tiv e  stud ies o f  bovine m y co p lasm a  s tra in s  an d  ty p es , L ea ch  e s tab lished  in  1967 
e ig h t in d ep en d en t species, or groups. In  th e  m ean tim e  th e  new  species M . arg in in i (B a r il e  
e t ah , 1968), M . d ispar  (G ourlay  and  L e a c h , 1970), M . oculi and  som e new  ty p es  (A l - 
A u b a id i , 1969) have b een  added to th e  ra n g e  of know n  bovine m ycoplasm as.

T h e  ab ru p tly  in creas in g  num ber o f iso la tio n s  du rin g  th e  recen t y ears  has h am p ered  
s tra in  ty p in g  and th e  fre q u e n t exchange o f  s tra in s  re su lted  in th e  co n tam in a tio n  of th e  
re ference  stra ins w ith  o th e r  m ycoplasm as. C erta in  a u th o rs  (Al -Au b a id i a n d  F a b r ic a n t , 
1971) h a v e  therefore q u estio n ed  the v a lid ity  o f th e  ex is ting  classification  of bovine m y co ­
p lasm a  stra in s . Some g ro u p s (types) of th e  c lass ifica tio n  schem e are in  fa c t n o t sa tis fac to rily  
c h arac te rized , e.g. L each’s group  6, w hich com prises re la tiv e ly  few stra ins . T he bovine  orig in  
of th e  f i r s t  tw o stra ins o f  th is  group, iso la ted  b y  L a n g er  a n d  Ca rm ich a el  in  th e  U SA  (1963), 
has b een  d ispu ted  (L e a c h , 1967) because th e y  were iso la ted  by  a lte rn a te  serial passages 
in tis su e  cu ltu re. E v id en ce  of bovine orig in  h a s  recen tly  been  p resen ted  by  th e  iso la tion  of 
a s im ila r s tra in  in  H u n g a ry  (B okori e t a l., 1971), for th is  grew  o u t on  artific ia l m ed ium  
in o cu la te d  directly  w ith  th o rac a l p u n c tu re  f lu id  from  diseased  anim als.

D ue to  the  re c e n t controversies o n  bovine m ycop lasm a ty p e  an d  species 
d e te rm in a tio n , th e  m ycoplasm a re se a rc h  groups w orking  u n d e r th e  ausp ices 
of th e  FAO and W H O  have in it ia te d  de ta iled  biochem ical an d  serological 
in v estig a tio n s in to  a hom e bovine m y co p lasm a iso late , using th e  reference 
s tra in  A .  sp. PG  49 (Squire). A p art fro m  p resen tin g  exp erim en ta l p ro o f th a t  
our iso la te  belongs to  th e  group S q u ire  (L each’s g roup  6), th e  fu r th e r  aim  o f 
our s tu d ie s  was to  d e te rm in e  the  m a in  p ro p erties  of th is  group.

Materials and Methods

T h e  hom e s tra in  N o. 292, iso la ted  b y  B o k o r i  e t al. (1971) from  bu lls 
and th e  A . sp. PG  49 (Squire) s tra in , from  th e  collection of th e  FA O /W H O  
In te rn a tio n a l  R eference C entre for A n im a l M ycoplasm as ( In s t i tu te  of M edical
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M icrobiology, U n iv e rs ity  o f A arhus, A arh u s , D en m ark ) w ere used  th ro u g h o u t. 
T h e  s tra in s  w ere g row n  in  liqu id  m ed iu m , th e  cu ltu re s  were passed  th ro u g h  
0.22 jitm M illipore f i l te r ,  th e  f iltra te s  w ere s tre a k e d  on solid ag ar p la te s  an d  
in d iv id u a l colonies g row n  o u t on th e  s tre a k  p la te s  w ere used for fu r th e r  cu l­
t iv a tio n . This p ro ced u re  w as re p e a te d  th re e  tim es an d  th e  su b cu ltu re s  th u s  
o b ta in e d  w ere u sed  fo r fu r th e r  s tu d y .

M ed iu m  :

T he follow ing m ed ium  w as reg u la rly  used  for cu ltu rin g : 
H e a rt In fu s io n  B ro th  (Difco) (accord ing  to  th e
p ro d u cer’s in s tru c tio n s)  90 m l

In a c tiv a te d  h o rse  serum  20 m l
F resh  y e a s t e x t r a c t  10 m l
0 .2%  D N A -e x tra c t (SIGM A) 1.2 m l
10%  th a lliu m  a c e ta te  (B D H  C hem icals, E n g lan d ) 1.0 ml
0.25 m l (200,000 U /m l) penicillin  0.25 m l
1%  trip h e n y lte tra z o liu m ch lo rid e  (TTC) so lu tion

(M ER C K ) 1.0 ml

F o r  ce rta in  b iochem ical ex am in a tio n s, th is  m ed ium  w as m odified in  d iffe ren t 
w ays.

Biochemical exam inations

T he follow ing te s ts  were perfo rm ed  w ith  th e  s tra in s : c a rb o h y d ra te  de­
com position  (glucose u n d e r aerobic an d  anaerob ic  cond itions; m annose , 
g a lac tose , sucrose, xy lose , so rb ito l, m an n ito l, cellobiose), a rg in ine  d eca r­
b o x y la tio n , h y d ro ly sis  o f u rea , aescu lin  an d  a rb u tin , p h o sp h a tase  a c tiv ity , re ­
d u c tio n  of 1— 5 %  T T C — 0.0002%  m eth y len e  b lue  (u n d er aerobic an d  a n a e ro ­
b ic  conditions), re s is ta n c e  to  3%  N aCl, 0 .02%  m eth y len e  b lue, 0 .2%  T w een  
80, 0.5— 1-0% sod ium  tau ro c h o la te , 5%  sodium  p o ly an e th o lsu lp h o n a te , 0 .01%  
d ig iton in , pH  5.5 a n d  p H  9.5 G row th  a t  22 °C an d  film  and  spo t fo rm a tio n  
of th e  stra in s w ere also  te s ted . T he ex am in a tio n s  w ere conduc ted  acco rd in g  
to  th e  s ta n d a rd  p resc rip tio n s  of th e  FA O /W H O  In te rn a tio n a l R eference  
C en tre  for A nim al M ycoplasm as.

Serological exam inations

T h e  s t r a in s  w e r e  s tu d ie d  on  fo u r  k in d s  o f  g r o w th - in h ib i to r y  m e d ia  
(C l y d e , 1964) a t  37 a n d  27 °C a n d  b y  m e ta b o l ic  in h ib i t io n  (T a y l o r - R o b i n s o n  
e t  ah ,  1966), i n d i r e c t  h a e m a g g lu t in a t io n  ( R o s e n d a l  a n d  B l a c k , 1972) a n d
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im m unofluorescence  ( K r o g s g a a r d , 1971) te s ts . The following h y p e rim m u n e  
se ra  w ere used fo r serological te s t in g :  a n tise ra  to  M . pneum oniae  F H , M . 
hom in is  I . (PG  21), M . ferm entons  P G  18, M . orale I CH, M . orale I I  C H 20247, 
M . orale I I I ,  M . salivarium  PG 20, M . m ycoides var. mycoides P G  1, M . bovi- 
gen ita lium  PG  11, A . laidlawii A P G  8, M . bovirhinis PG  43, M . agalactiae 
v a r . bovis (D o n e tta ) , A . sp. PG  49 (S qu ire ), M . sp. PG 50 (N 29), M . sp . P G  51 
(D 12), M . a rg in in i G230, M . bovigenita lium  (K alle), M . hyorh in is  P G  29, 
A . granularum  (F rien d ), M . g a llisep ticum  X 95, M . gallinarum  P G  16, M . 
m eleagridis 17529, M . anatis 1340, M . iners PG  30, M . sp u m a n s  P G  13, 
M . canis  PG  14, M . maculosum  P G  15, M . fe lis , M . gateae, M . p u lm o n is  (A sh), 
M . arthritidis P G  6, M . neurolyticum  S ab in  A, M . leonis L L , M . lipo- 
p h ilu m  (M ABY), M . agalactiae P G  2, M . mycoides var. capri P G  3, A . axan- 
thum  ATCC 25176, A . laidlawii B (F 8), S tra in  No. 292. All a n tise ra  b u t  th e  
la s t nam ed  serum  w ere prepared  in  th e  R eference C entre (A arhus).

P o ly ac ry lam id e  gel e lec trophoresis  w as perform ed by  th e  m e th o d  of 
R a z i n  and  R o t t e m  (1967).

R esults

In  grow th inh ib ition , im m u n o flu o rescen ce , m etabolic in h ib itio n  an d  
in d ire c t h aem ag g lu tin a tio n  te s ts , th e  an tise ru m  to  s tra in  No. 292 re a c te d  to  
a s im ila r degree as w ith the hom ologous an tig en  only w ith  th e  reference 
s tra in  A .sp . P G  49 (Squire) of a ll acho lep lasm as te s ted  (T able I) . T he re a c ­
tio n s  of th e  sam e serum  in the m e ta b o lic  in h ib itio n  and  in d irec t h a e m a g g lu ti­
n a tio n  tests  w ere nevertheless w eak e r w ith  th e  reference s tra in  th a n  w ith  th e  
hom ologous an tig en .

T he an ti-A .sp . PG 49 (S qu ire ) reference  serum  did n o t re a c t w ith  
a n tig en s  o ther th a n  th e  hom ologous s tra in . S tra in  No. 292, how ever, re a c te d  
w ith  th e  above reference  serum in a ll te s ts , g iving even m ore in ten s iv e  reac ­
tio n s th a n  the hom ologous an tig en .

S tra in  No. 292 reacted  w ith  A cholep lasm a  reference sera o th e r  th a n  an ti-  
A . sp . PG  49 (S qu ire) only in th e  in d ire c t h aem ag g lu tin a tio n  te s t  a t  low 
d ilu tio n s  (1 : 8, 1 : 32), sim ilarly to  th e  A .sp .  PG  49 reference s tra in  (T ab le  I I ) .

S tra in  No. 292 gave no p o sitiv e  re a c tio n  w ith  the  m ycop lasm a reference  
sera  in  the  g row th -inh ib ition  te s t ,  b u t  re a c te d  w ith  several o f th e m  in th e  
in d ire c t h aem ag g lu tin a tio n  te s t a n d , ab o v e  all, in  the  m etab o lic  in h ib itio n  
te s t .  These reac tio n s  occurred on ly  a t  v e ry  low  serum  d ilu tions co m p ared  to  
th e  con tro ls (T able I I I ) .

P h o to m e trica lly  evaluated  cu rv es fo r th e  po lyacry lam ide-gel-e lec tro - 
p h o re to g ram s of s tra in s  No. 292 a n d  A .sp .  PG  49 (Squire) are  show n in 
F igs 1 and 2. T he num ber, shape a n d  size o f th e  peaks rep resen tin g  th e  indi-
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Table I

Serological testing of strain No. 292 and Acholeplasma reference strain

A ntigen
A n tise ru m N  . 292

IF GI MI IHA

A . laidlaw ii A PG  8

1 : 10 1 : 160

A . laidlawii B F  8 — — — — —

A . granularum  (F riend) - - - - —
A . axanthum  ATCC 25176 - - — — —
A . sp. PG  49 (Squire) +  +  + +  +  + 5.0 1 : 640 1 : 1280
S tra in  No. 292 +  +  + +  +  + 6.0 1 : 2560 1 : 2560

Sym bols used: IF ,  im m unofluorescence; G I, g row th  inh ib ition  te s t; M I, m etabolic

v id u a l frac tions on th e  tw o  curves seem ed to  co rresp o n d  roughly  a lre a d y  on 
v isual in spection . M easu rem en ts of colour changes of each frac tio n  h av e  
show n th a t  all peak s (frac tions) of th e  cu rve  fo r th e  s tra in  No. 292 co rrespond  
also in ab so lu te  v a lu e  to  th e  ap p ro p ria te  peaks of th e  curve for th e  reference  
s tra in . A lthough  th e  peak s designated  as b a p p e a r  un ifo rm , th e  fra c tio n  is 
b ro ad e r on th e  re fe ren ce -s tra in  curve. T h e  ab so lu te  values for peaks c w ere 
un ifo rm , b u t  th e se  p eak s  consisted  of a t  le a s t 3 p a r ts , o f w hich peaks c1 w ere 
un ifo rm , w here as p e a k s  c2 and  c3 w ere v a ria b le . T h e  tw o s tra in s  b e h av ed  
iden tica lly  in  th e  b iochem ical te s ts . G lucose decom position  by  s tra in  N o. 292 
becam e positive  1— 2 d ay s la te r  th a n  in th e  case of th e  reference s tra in . A erobic

Fig. 1. P o ly acry lam id e  gel e lectrophoretic  p a tte rn s  o f cell p ro te in s of th e  s tra in  292/3a
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with hyperimmune sera to strains No. 292 and A . sp. PG 49 (Squire)

A n tise ru m  A .  s p .  P G  49 (Squire)
Antigen

IF GI MI IIIA

A . la id law ii A PG  8

1 : 10 1 : 320

A . laidlaivii B F  8 — — — - —
A . granularum  (Friend) - — - - -

A . axan thum  ATCC 25176 — — — — —

A . sp. P G  49 (Squire) +  +  + +  +  + 3.0 1 : 320 1 : 640

S tra in  No. 292 +  +  H" 5.0 1 : 640 1 : 2560

in h ib itio n  te s t; IHA , in d irec t haem ag g lu tin a tio n  test

re d u c tio n  of TTC o ccu rred  only in r a b b i t  serum  co n ta in in g  b ro th , b u t  even  
th e n  i t  w as of low degree. B oth  s tra in s  reduced  TTC a n d  m eth y len e  b lue  
u n d e r  anaerob ic  cond itio n s. The s tra in s  grew well on a 20%  horse serum  
co n ta in in g  aesculin m ed iu m , b u t d id  n o t  decom pose aesculin  an d  th e re  w as 
little  g ro w th , if  any , on aesculin m ed iu m  p rep ared  w ith  P P L O  serum  fra c ­
tio n  (T ab le  IV).

T h e  tw o s tra in s  b eh av ed  s im ila rly  also in  th e  re sis tan ce  te s ts  (T able У ): 
th e y  res is ted  pH  9.5, sodium  p o ly a n e th o lsu lp h o n a te  an d  d ig iton in . B o th

Table II

T estin g  of strains No. 292 an d  A . sp. PG  49 (Squire) w ith Acholeplasma  reference sera

R eference sera

A ntig en T est A .  la id la w ii  A  
P G  8

A .  laid law ii В 
F-8

A .  granu larum  
F rien d

A .  a xa n th u m  
ATCC 25176

S tra in

IF

GI

1  2 -  - -  - -  -

No. 292 MI — — 1 : 1 0 1 : 1 0

S tra in

IH A

IF

GI

1 : 8 1 : 32 1 : 1 6 1 : 8

A . sp . PG  49 (Squire) MI — 1 : 1 0 1 ; 1 0

IH A 1 : 8 1 : 8 1 : 8 —

R em ark s for sym bols used  see Table I;
1, re su lt obtained w ith  1 : 10 d ilu ted  serum ;
2, re su lt obtained fro m  dilu tion  of end  ti t r e  of th e  hom ologous serum

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



320 STIPK O V ITS

F ig. 2. Po lyacry lam ide gel e lectrophore tic  p a tte rn s  o f cell p ro te in s of th e  A . sp. PG  49
(S quire) s tra in

Table III
In h ib itio n  o f s tra in  No. 292 b y  m ycoplasm a reference sera

S e ra
M etabolic
in h ib itio n

te s t

In d ire c t  
liaem ag g lu tin a- 

t io n  te s t

G row th
in h ib itio n

te s t

M ycoplasm a mycoides v a r . mycoides PG  1 1 : 10 — —

M . bovirhinis PG  43 — : 10 —

M . agalactiae var. bovis (D o n e tta ) 1 : 20 - -
M . sp. D 12 P G  51 1 : 20 — —

M . arginini G 230 1 : 20 1 : 10 —

M . hyorhinis PG  29 — 1 : 10 -

M . anatis 1340 1 : 10 — —

M . maculosum PG  15 — 1 : 10 —

M . fe lis CO 1 : 20 — -

M . gateae CS 1 : 20 — —

M . leonis LL 1 : 20 — —

M . agalactiae PG  2 1 : 10 — -

M . mycoides var. capri PG 3 1 : 10 — —

N egative resu lts  in  all tes ts w ith  sera:
M . bovigenitalium PG  11 M . neurolyticum Sabin  A
M . bovigenitalium Kalle M . lipophilum MABY
M . sp. N29 PG50 M . orale 111 DC-333
M . gallisepticum X95 M .  pneum oniae MAC (LI)
M . meleagridis 17529 M . hominis I PG21
M . iners PG30 M .  ferm entans PG18
M . spumana PG13 M . salivarium PG20
M . canis PG14 M . orale I. CH 19299
M . pulm onis Ash M . orale I I . CH 20247
M . arthritidis PG6 M . gallinarum PG16
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T ab le  IV

Results o f biochem ical assays o f strains N o. 292 and A . sp. PG 49 (Squire)

R esu lts

T ests
S tra in  No. 292

R eference  s tra in  
A. sp. P G  49 

(S qu ire )

D ecom position of glucose aerobic + _I_
anaerob ic + +

D ecom position of mannose —
D ecom position of sucrose — —
D ecom position of galactose — —
D ecom position of m annitol — — •
D ecom position of sorbitol — —
D ecom position cellobiose — —
D ecom position of xylose — —
D ecarboxy lation  of arginine — —
H ydrolysis o f u rea — —
R eduction  of TTC aerobic ( + ) +

anaerobic + +
R eduction  o f m ethylene blue aero b ic —

an aero b ic + +
Aesculin
A rbutin _ —
P hosphatase — —
‘'F ilm  and sp o t”  form ation — —

Cholesterol requ irem en t — —
Serum  digestion — —

T able  V

B ehaviour o f s tra in  No. 292 an d  reference s tra in  A . sp. PG  49 (Squire) 
in resisten ce  tes ts

T ests S tra in  N o. 292
R eference s tra in  

A .  s p .  P G  49 (Squire)

Sodium  po lyanetho lsu lphonate R R

D igitonin R R

NaCl S S

pH : 5.5 S s
pH : 9.5 R R

M ethylene blue S s
Tween 80 s s
Bile salt 0 .5% s s

1.0% s s
G row th a t  22 °C R R

Sym bols used: S, sensitive; R , re s is ta n t
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s tra in s  grew a t  22 °C, b u t  a t  a m uch low er ra te  th a n  th e  contro ls k e p t a t
37°C.

N either s tra in  d isp lay ed  a p h o sp h a tase  a c tiv ity  or form ed “ film  an d  
sp o t” . T hey  grew  w ell in  cholesterol-less m edium .

D iscussion

In  b iochem ical a n d  resistance  te s ts  s tra in  N o. 292 and  reference s tra in  
A . sp . PG  49 (S qu ire) w ere iden tica l; in  all serological te s ts , s tra in  N o. 292 
reac ted  w ith  th e  a fo rem en tio n ed  reference serum  an d  an tise ru m  to  s tra in  
N o. 292 reac ted  w ith  th e  reference s tra in . T he in te n s ity  of the  reac tio n s d if­
fered only sligh tly . I n  c o n tra s t , s tra in  N o. 292 failed  to  re a c t w ith  hetero logous 
acholeplasm a or m y co p lasm a  an tisera  in th e  g ro w th -in h ib itio n  te s t and  reac ted  
only a t  v e ry  low  d ilu tio n s  in  th e  in d irec t h a em ag g lu tin a tio n  and  m etab o lic  
in h ib ition  te s ts . T hese  find ings have a ffirm ed  th a t  s tra in  No. 292 is a g roup-6  
bovine M ycoplasm a  s tra in  according to  L e a c h ’s classification . The re su lts  of 
po lyacry lam ide-gel-e lec trophoresis served  fu r th e r  evidence, because a p a r t  
from  tw o su b frac tio n s  of frac tion  c, all e lec tro p h o re tic  fractions of s tra in  
No. 292 were found  to  be iden tical w ith  th e  frac tio n s of th e  reference s tra in . 
T he m inor d ifference betw een  th e  tw o  c-sub frac tions can accoun t fo r th e  
m inim al d issim ilarities of serological b eh av io u r, h u t  i t  c an n o t prove th e  sero ­
logical n o n -id e n tity  o f th e  tw o s tra in s. T h is is in  su p p o rt of th e  earlier o b se rv a ­
tions of B o k o r i e t  al. (1971).

R esults of th e  d e te rm in a tio n  of cholestero l req u irem en t and  resis tan ce  
to  sodium  p o ly an e th o lsu lp h o n a te  and  d ig iton in , as well as grow th a b ility  a t  
22 °C suggest, in  c o n fo rm ity  w ith  E d w a r d ’s (1971) v iew , th a t  s tra in s  o f th e  
group A . sp. P G  49 (Squire) rep resen t an  Acholeplasm a.

A p art from  th e  observations m ade in  b iochem ical an d  resistance  te s ts , 
th e  following p ro p e rtie s  seem to  be ch a ra c te ris tic  o f th e  group Acholeplasm a : 
d is tin c t glucose decom posing  ab ility  u n d e r  b o th  aerob ic  and  anaerob ic  con­
d itions, absence o f m annose-, galactose-, sucrose-, m an n ito l-, so rb ito l-, cello- 
biose- and  xylose-decom posing  a c tiv ity , no a rg in in e-d ecarb o x y la tin g  an d  u re a ­
hydro lysing  a c tiv ity , aerobic  decom position  of TTC exclusively in  th e  p re s ­
ence of ra b b it  se ru m , b u t  v igorous TTC an d  m eth y len e  b lue-reducing  a c tiv ity  
u n d er anaerobic  co n d itio n s. N either p h o sp h a ta se  a c tiv ity , nor “ film  a n d  sp o t”  
fo rm ation  could be  d em o n stra ted . T he s tra in s  s tu d ie d  grew well in  a m ed ium  
ad ju s ted  to  p H  9.5 , b u t  d id  no t grow a t  p H  5.5, an d  th e y  were sensitive  to  
th e  applied  co n c e n tra tio n s  of NaCl, T w een 80 an d  m ethy lene  b lue.

D etailed  sero logical stud ies of s tra in  No. 292 have shown th a t  th is  
group of A choleplasm a  c learly  differs from  th e  o th e r  know n Acholeplasm a  
species (Acholeplasm a la id law ii A and  B, A . a xa n th u m , A . granular u m ) .  C erta in
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Acholeplasm a  an d  M ycoplasm a  a n tise ra  h av e  nevertheless c ross-reacted  w eak ly  
w ith  th e  s tra in  in  th e  ind irec t h a em ag g lu tin a tio n  te s t . T he b eh av io u r of th e  
s tra in  in  th e  m etabo lic  in h ib itio n  te s t  w as in good accordance  w ith  th e  o b se rv a ­
tio n  o f A l - A u b a i d i  (1969) th a t  s tra in s  belonging to  th is  Acholeplasm a  g roup  
m ay  be in h ib ited , a lthough  to  a m in o r degree, by  an tise ra  to  ce rta in  m yco- 
p lasm as. No such phenom enon occu rred  in th e  grow th in h ib itio n  te s t.

*

T he au th o r is in d eb ted  to D r. R . H . L ea ch  (C entra l P ub lic  H e a lth  L ab o ra to ry , C olindale 
A venue, London) an d  D r. H . E rnő  (F A O /W H O  R eference C entre fo r A nim al M ycoplasm as, 
I n s t i tu te  o f M edical M icrobiology, U n iv e rs ity  of A arhus, A arhus, D en m ark ) for v a lu ab le  
adv ice , to  P rof. E . A. F r eu n d t  an d  D r. H . E rno  for m a te ria ls  an d  reference sera used  in  
p a r t  o f th is  w ork  perfo rm ed  in  th e  FA O /W H O  R eference C entre in A a rh u s, D en m ark  a n d  
to  M rs. L. Varga fo r excellent tech n ica l assistance.

SU M M A RY

C om para tive  biochem ical an d  serological ex am in atio n s o f a  group-6  (accord ing  to  
L ea c h ) bov ine M ycoplasm a  s tra in  iso la ted  in  H u n g a ry  were carried  o u t u sing  th e  reference 
s tra in  A . sp. PG  49 (Squire). A p a rt fro m  p resen tin g  ev idence for th e  id e n tity  o f th e  tw o  
s tra in s , th e  m ain  p ro p erties  of th is  A choleplasm a  g roup  w ere de term ined .
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ULTRASTRUCTURAL CHANGES IN THE LIVER 
OF EQUINE FETUSES ABORTED DURING 

RHINOPNEUMONITIS
By

P . K a p p

D e p artm en t o f Patho log ical A n a to m y  (H ead : P rof. A. K a r d e v á n ),
U n iv ersity  o f V e te rin a ry  Science, B u d ap es t

(R eceived  M arch  1, 1973)

E a rlie r  ligh t-m icroscopic  stud ies on  th e  pa th o g en esis  o f equine rh in o p n eu m o n itis  
show ed t h a t  th e  fe tu ses o f th e  diseased m ares ex h ib it ch iefly  liver changes in clud ing  focal 
necroses a n d  acu te  or su b acu te  h e p a titis  (K a pp  e t  a l., 1969). Suckling Syrian h am ste rs  in fec ted  
e x p erim e n ta lly  w ith  th e  equine rh in o p n eu m o n itis  v iru s developed  a le th a l h e p a titis  in  w hich  
th e  cau sa tiv e  role o f th e  v iru s was d e m o n s tra ted  b y  lig h t and  e lectron  m icroscopy  (K a p p , 
1972). T h e  liver lesions o f th e  a b o rted  equ in e  fe tu ses an d  exp erim en ta lly  in fec ted  h a m ste rs  
re sem b led  m orphologically  th e  changes e n co u n te red  in  th e  v ira l h e p a titis  o f m an  a n d  an im als .

T his p ap e r re p o rts  e lectron-m icroscopic  exam in a tio n s o f th e  livers o f 
equ ine  fe tuses a b o rte d  in  th e  course o f a re c e n t severe o u tb re a k  of rh in o ­
p n eu m o n itis  in  a horse stock.

M aterials and  M ethods

L ivers from  tw o  equine fe tu ses , a b o rte d  a f te r  7 weeks an d  10 m o n th s  
of in tra u te r in e  life, respective ly , w ere exam ined  electron-m icroscopically .

T h e  7-w eek-old fe tu s  h ad  b een  a b o rte d  b y  a m are  w hich w as em ergency- 
s lau g h te red  for p a ra ly tic  sym ptom s in  th e  te rm in a l stage  of rh in o p n eu m o n itis . 
T he fe ta l liver w as d a rk  brow nish-red , sw ollen, an d  g ran u la r over th e  su rface ; 
th e  p a ren ch y m a  w as sligh tly  rig id  an d  friab le . A severe, su b acu te  h e p a tit is  
w as observed  grossly  an d  by  ligh t-m icroscop ic  ex am in a tio n . T here  w as g a s tro ­
e n te r itis , b u t no o th e r  organic change.

T h e  o th e r fe tu s , w hich su rv iv ed  a b o rtio n  in  th e  10 th  m o n th  b y  tw o  
h o urs, also  h ad  liv e r lesions. T he e x te rn a l a n d  c u t surfaces of th e  en la rged  
liver w ere g rey ish -w hite  an d  sp o tte d  w ith  g rey ish -red  areas. In sid e  th e  la t t e r  
a few  sporad ic  g rey ish -w hite  foci o f th e  size o f a p in -head  w ere seen. T he 
p a re n c h y m a  was m ore  com pact th a n  n o rm a lly  a n d  resis ted  tea rin g . A ccord ­
ing to  th e  p o st-m o rtem  ex am in a tio n , th e  foal d ied  of chronic h e p a titis .

T h ree  sam ples, each from  a d iffe ren t p a r t  o f th e  liver, w ere ta k e n  from  
e ith e r  fe tu s , from  th e  7-w eek-old one im m ed ia te ly  a f te r  th e  em ergency  s la u g h ­
te r  of th e  m are an d  from  th e  o th e r im m ed ia te ly  a f te r  its  d ea th . T he specim ens 
w ere fix e d  in  0 s 0 4, buffered  accord ing  to  P a llad e , d eh y d ra ted  in  s tep -g rad ed  
e th an o l a n d  em bedded  in  D u rcu p an . U ltra - th in  sections w ere c u t w ith  a
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R e ic h e rt u ltra -m ic ro to m e  and  e lec tron  m icrog raphs w ere p rep a red  w ith  a 
Tesla BS 613 ty p e  e lec tro n  m icroscope. T h e  sem i-th in  sections w ere s ta in ed  
w ith  to lu id in e  b lue.

Electron microscopic exam inations

S em i-th in  sec tions from  th e  liv e r  o f th e  7-w eek-old fe tus show ed th a t  
th e  g re a te r  p a r t  o f th e  p aren ch y m al cells w ere severely  dam aged  in th e  a ffec ted  
lobules. C ow dry’s ty p e -A  n uclear inc lusions w ere seen in m any  cells, o ften  
in  tho se  close b y  th e  sinusoids (Fig. 1). I n  o th e r  areas, th e  p a ren ch y m a l cells 
show ed h y p e rch ro m a to s is , k a ry o rrh ex is  or kary o ly sis . M ultinuclea ted  g ian t 
cells fo rm ed  from  liv e r  cells occurred  sp o rad ica lly  in  liver lobides. Besides 
th e  n u c lea r  changes, th e  Cytoplasm a o f single cells or in  groups of cells s ta in ed  
hom ogeneously  (acidoph ilic  necrosis) a n d  ro u n d , hom ogeneous bodies w ere 
form ed from  n ecro tic  cells.

E lec tron -m icroscop ica lly  th e  cells co n ta in in g  C ow dry’s type-A  nu c lea r 
inclusions h ad  en la rg ed  nuclei w ith  an  u n d u la tin g  nu c lea r m em brane . P a r t  of 
th e  n u c lea r c h ro m a tin  aggregated  a long  th e  m em b ran e . G ran u la r an d  f ila ­
m en to u s c h ro m a tin  residue  usually  un sin g led  w ith  v iru s p artic les accu m u la ted  
in  th e  cen tre  o f th e  en la rged  nuclei (F igs 2 an d  3). T he liver cells show ing signs 
of v iru s  syn th esis  u su a lly  had  recogn izab le  cy top lasm ic  organelles. T he coarse 
endop lasm ic  re ticu lu m  increased  in m o st cells an d  its  m em branes w ere a rran g ed  
in p ara lle l row s (F ig . 4); free ribosom es w ere seen betw een  th e  m em branes 
in m an y  places. C yst-like d ila ta tio n s o f th e  endoplasm ic re ticu lum , con ta in in g  
m an y  v iru s  p a rtic le s , w ere also seen (F igs 4 an d  5). In  m ost cells, cyst-like  
d ila ta tio n s  ap p ea red  in  th e  Golgi a p p a ra tu s  as well. T he m itoch o n d ria  en larged  
an d  ro u n d ed  off th e ir  ex te rn a l m em b ran e  becam e lysed  here an d  th e re  an d  
th e  c ris tae  often  ap p e a re d  frag m en ted . T h e  dam aged  m itochondria  gave rise 
to  a u to p h ag o u s  vacuo les and  th e re  w as fre q u e n tly  a m yeline-like degenera­
tio n  o f th e  m ito ch o n d ria l m em branes. T h e  changed  p a ren ch y m al cells u sua lly  
co n ta in ed  v e ry  few7 glycogen granules a n d  a lysis of th e  cy top lasm ic m em b ran e  
w as seen in  m a n y  p laces. The in te rc e llu la r  space w as occasionally  d ila ted  
an d  a fine ly  g ra n u la r  electron-dense su b stan ce  an d  v iru s partic les  ap p eared  
in  i t  (F ig . 5). Som e sinusoids an d  D isse’s gaps also co n ta in ed  v iru s  p a rtic le s .

A p a rt from  th e  m ark ed  p a ren ch y m a l cell lesions, in flam m ato ry  p h en o m ­
ena w ere seen in  o th e r  p a rts  of th e  liv er. T he sinusoids w ere d is ten d ed  an d  
th e  sw ollen cells o f th e  endo thelia l lin in g  o ften  becam e d esq u am ated  in to  th e  
sinuso idal lum en , ad m ix in g  th e re in  w ith  leucocy tes an d  residues of d e te r io r­
a ted  liv e r cells. T he D isse gaps were also d ila te d  in  m ost places, co n ta in in g  a 
m ass o f a g ran u la r  e lectron-dense su b s ta n c e  an d  d e te rio ra ted  cell organelles; 
th e  sw ollen m icrovilli o f the  liver cells ex ten d ed  in to  th e  gaps. T he in te r ­
lo b u la r sep ta  w ere in filtra te d  b y  ly m p h o cy tes  in m an y  sites.
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Fig. 1. L iver of 7-w eek-old equine fe tus. Cowdry ty p e  A in tra n u c le a r inclusions (cen tre), hyperch ro m ato - 
sis, k a ry o rrh ex is  and  kary o ly s is in liver cells. T he lum en  of th e  d is ten d ed  sinusoids con ta ins swollen, 

d e sq u am a ted  en d o the lia l cells and  leucocytes. T oluid ine blue s ta in in g  X 1000
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Fig. 2. L iver o f 7-w eek-old equine fe tu s . C en tra lly  p laced  g ran u la r-filam en to u s ch ro m a tin  
residue an d  sc a tte re d  v irus p a rtic les in  th e  en larged  liver cell nucleus. X 19,800
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F ig. 3. L iver o f 7-w eek-old equine fe tu s . V irus p a rtic les  in  th e  liv e r cell nucleus. X 84,000
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Fig. 4. L iver o f 7-w eek-old equ ine fe tus . T he coarse endoplasm ic re ticu lu m  h y p e rtro p h ied  and  its  d is ten d ed  
cyst-like  p a r ts  co n ta in  v iru s p a rtic les. A u tophagous vacuoles are also p re sen t in th e  cy top lasm . X 29,700
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Fig. 5. L iver of 7-week-old equine fe tus . V irus p a rtic les  in th e  cy top lasm ic  cy st-like  s t ru c t­
ures and  in th e  in te rce llu la r space. X 42,000
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Fig. 6. L iver of equine fe tu s  m iscarried  in th e  10th m on th . In filtra tin g  ly m p h o cy tes  and  
h istio cy tes in  th e  th ick en ed  in te rlo b u la r sep tu m . T oluid ine blue s ta in ing . X 600
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T he liver lesions o f th e  fe tu s  ab o rted  in th e  1 0 th  m o n th  w ere chiefly 
chronic and  were lim ited  to  th e  m esenchym al p a r ts  o f th e  liver. T he th ick en ed  
in te rlo b u la r sep ta  show ed a m a rk e d  h is tio -ly m p h o cy tic  in filtra tio n  an d  p ro ­
tru d ed  in to  th e  lo b u la r p a re n c h y m a  (Fig. 6). F ib ro b la s ts  also ap p eared  am ong 
the  in flam m ato ry  cells an d  th e  fo rm a tio n  of collagen fib rils  was seen in  m any  
cells an d  th e ir  im m ed ia te  su rro u n d in g s. T he b ilia ry  d u c ts  in  th e  in te rlo b u la r  
sep ta  w ere d ila ted  an d  h igh ly  elec tron-dense  cy to p lasm ic  granules accu m u ­
la ted  in  th e  b ilia ry  d u c t ep ith e lia l cells. In  some of th e se  cells th e  endoplasm ic 
reticu lum  show ed cyst-like  d ila ta tio n s  (Fig. 7). T h e  m icrovilli of th e  liver 
cells w ere sw ollen an d  th e  D isse gaps were m ark ed ly  d ila ted  in  m an y  places 
and  a loose g ran u la r su b stan ce  accu m u la ted  inside th e  gaps. A h ighly  e lectron- 
dense con tinuous b asem en t m em b ran e  was seen in  th e  im m ed ia te  n e igh ­
bourhood  of th e  sinuso idal lin ing  endo thelia l cells (F ig . 8). T he la t te r  were 
usually  en larged  an d  co n ta in ed  ro u n d ed  m ito ch o n d ria , e lectron-dense g ran ­
ules, and  several au to p h ag o u s  vacuo les. In  m any  p laces th e  R H S cells increased  
in n u m b er form ing  sm all foci. O ccasionally  C ow dry’s ty p e-A  nu c lea r inc lu ­
sions occurred  in  R H S  cells. Som e liv e r cells a d ja c e n t to  th e  sinusoids show ed 
lysis of th e  cy top lasm ic  m em b ran e  an d  a vesicle-like d ila ta tio n  of th e  sm ooth  
and  coarse endoplasm ic re ticu lu m . T he m ito ch o n d ria l m em branes in  th e  liver 
cell were also d am aged . In  p laces th e  sinusoids c o n ta in e d  n ecro tic  cell o r­
ganelles and  hyaline  bodies fo rm ed  from  n ecro tic  liv e r cells (C ouncilm an 
bodies) (Fig. 9).

In  certa in  areas of th e  lobu les, th e  b ilia ry  canalicu les d ila ted , th e  m icro ­
villi of th e  liv er cells d e te r io ra ted  an d  h ighly  e lec tron -dense  m icrobodies 
appeared  in th e  p e ri-can alicu la r p e ren h y m al cells (F ig . 10). T he coarse endo­
plasm ic re ticu lu m  d is ten d ed  fo rm ing  vesicles and  ribosom es ten d ed  to  d e tach  
from  its  m em brane. T he tu b u le s  o f th e  Golgi a p p a ra tu s  also show ed a vesicle­
like d istension . T he in n e r s tru c tu re  of th e  m ito ch o n d ria  becam e in d is tin c t 
and  th e ir  o u te r m em b ran e  ly sed . In  o th e r places th e  lum en  of th e  b ilia ry  
canalicules was filled b y  e lo n g a ted , irreg u la rly -sh ap ed  m icrovilli of th e  liver 
cells. A t th e  m arg ina l p a r ts  o f th e  la t te r ,  close b y  th e  m icrovilli, a g ra n u la r  
electron-dense su b stan ce  h ad  accu m u la ted  and  f ila m e n ts  ap p eared  in  th e  
hyaloplasm  am ong th e  d is ten d ed , vesicle-like endop lasm ic  re ticu lu m  (F ig . 11).

No v iru s  pa rtic le s  w ere seen in  th e  e lec tronm icrog raphs p rep a red  from  
th ree  d ifferen t p a r ts  of th e  liv e r o f th e  fe tus a b o rte d  in  th e  10 th  m o n th . 
L ight-m icroscopic sections of th e  su rround ings of th e  grossly  visib le greyish- 
w hite foci show ed, how ever, C ow dry’s type-A  nu c lea r inclusions in th e  p a re n ­
chym al cells (Fig. 12).
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F ig . 7. L iver o f equ ine fe tus m iscarried  in th e  10th m o n th . Irreg u la rly  sh aped , d ila ted  b ilia ry  d u c t lum en. 
T h e  ep ith e lia l cells co n ta in  m any  h ighly  e lectrondense  g ranules an d  th e  endoplasm ic re ticu lu m  d istended

in  a cyst-like  m an n er in several places. X  9260
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1973 Fig. 8. L iver o f equine fe tu s  m iscarried  in th e  10th m on th . C ontinuous b asem en t m em brane  fo rm atio n  in  th e  
d is ten d ed  D isse’s gaps and  sw ollen m icrovilli on th e  surfaces o f p a ren ch y m al cells. K , K upffer cell; M, deta il

o f liver cell. X  13,890
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Fig. 9. L iver of equ ine fe tu s  m iscarried  in  th e  10th m o n th . H y aline  body  (C ouncilm an body) 
in  th e  sinusoid. S, sinuso id ; E , en d o the lia l cell; D, D isse’s gap ; M, liver cell. X 9260
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F ig . 10. L iver of equine fe tu s  m iscarried  in th e  10th m o n th . Irreg u la rly -sh ap ed  b iliary  canalicules scarcely 
co n ta in in g  m icrovilli. Vesicle-like d ila ta tio n  of th e  endoplasm ic re ticu lu m . X 13,890
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Fig. 11. L iver o f equ ine fe tu s  m iscarried  in  th e  10 th  m o n th . Irreg u la rly -sh ap ed , e longated  b ilia ry  cana- 
licule (EC), co n ta in in g  irreg u larly -a rran g ed  m icrovilli. T he liver cells co n ta in  filam en ts  an d  th e  en d o ­

plasm ic re ticu lu m  d istended  in a cyst-like  m an n er. M, d e ta il of liver cell: G, G o lg i-apparatus. X 12,000
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Fig. 12. L iver o f  eq u in e  fe tus m iscarried  in  th e  10 th  m o n th . L iver cell ad joining th e  n e c ro tic  
areas co n ta in  C ow dry’s type-A  in tra n u c le a r inclusions. H a em a to x y lin  and eosin s ta in .

X1600

D iscussion

A 7-w eek-old and  a 10-m onth-o ld  fe tu s , a b o rte d  in the  course o f a 
severe o u tb re a k  of rh inopneum on itis  am ong a d u lt  horses, chiefly p re g n a n t 
m ares, w ere exam in ed . Gross and  ligh t-m icroscop ic  exam ina tions show ed th a t  
th e  fe ta l d isease caused by  equine rh in o p n eu m o n itis  v iru s  chiefly in v o lv ed  
th e  liver, an d  b o th  fetuses d ied  of h e p a titis . D e ta iled  exam inations o f th e  
organs of th e  d ead  fetuses w eighed in  fav o u r of our ea rlie r hypothesis t h a t  th e  
m ain  ta rg e t o rg an  of rh inopneum on itis  v iru s  in fec tion  is the  liver.

In  th e  y o u n g e r fe tus, th e  m ain  electronm icroscop ic  change w as th e  
lesions of single an d  groups of liver cells. A cidophilic  necrosis of cells, C ow dry ’s 
type-A  nu c lea r inclusions and  o th e r nu c lea r dam ages w ere often seen. T h e re  
was also a spo rad ic  g ian t cell fo rm ation . T he glycogen co n ten ts  of th e  d am ag ed  
cells decreased , th e  coarse endoplasm ic re ticu lu m  u sua lly  becam e h y p e r ­
tro p h ic  and  m an y  m itochondria  as well as th e  Golgi a p p a ra tu s  were d am ag ed  
to  d ifferen t degrees. In  add ition  to  p a ren ch y m al cell changes, exud a tio n  an d  
in flam m ato ry  cells filled the  lum en of th e  sinusoids an d  D isse’s gaps. P a r tic le s  
showing th e  ch a rac te ris tic s  of h e rpesv irus w ere seen in  large num bers in  th e  
dam aged  cells a n d  th e ir  nuclei, especially  in  th o se  co n ta in in g  nu c lear in c lu ­
sions as well as in  th e  in te rce llu la r space, D isse’s gaps an d  th e  sinusoids. I t  is
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th u s  obv ious th a t  th e  acu te  h e p a titis , in v o lv in g  ex tensive p a re n c h y m a l cell 
lesions, was caused  d irec tly  by  th e  rh in o p n eu m o n itis  v irus. I t  shou ld  be m en ­
tio n e d  th a t  th e  ligh t-m icroscop ic  an d  u l t r a s t ru c tu ra l  changes seen in  th e  liv er 
o f  th e  7-w eek-old fe tu s  w ere in  ev e ry  re sp e c t sim ilar to  th o se  p rev io u sly  
o b se rv ed  in  th e  livers of suckling  S y rian  h am ste rs  w hich h ad  d ied  a few 
d a y s  a f te r  ex p e rim en ta l in fection  w ith  rh in o p n eu m o n itis  v iru s.

T h e  o lder fe tu s , a b o rte d  in  th e  10 th  m o n th , showed ch iefly  m esenchym al 
lesions in  th e  liver. T h e  in te rlo b u la r  se p ta  w ere in filtra ted  b y  ly m p h o cy te s  
a n d  h is tio cy tes , m a n y  f ib ro b la s ts  a p p e a re d  in  them  and  th e  collagen fib res 
in c rea sed  in  n u m b er. T h e  R H S cells show ed  a focal and  diffuse p ro life ra tio n  
a n d  a con tinuous b asem en t m em b ran e  fo rm a tio n  took p lace in  D isse’s gaps. 
A p a r t  from  changes in  th e  m esenchym al p a r ts , th ere  was a spo rad ic  necrosis 
o f  liv e r  cells re su ltin g  som etim es in  fo rm a tio n  of C ouncilm an bod ies. 
A lth o u g h  no v iru s  p a rtic le s  could be d e te c te d  in  th e  liver o f th e  10-m onth- 
o ld  fe tu s , C ow dry’s ty p e-A  in tra n u c le a r  inclusions, suggesting  th e  effect 
o f a D N A  v irus, w-ere p resen t in  p a re n c h y m a l cells as well as in  th e  p ro lif­
e r a t in g  R H S  cells.

T h e  p resen t m orphological o b se rv a tio n s  confirm  th e  cau sa l re la tio n sh ip  
o f  b o th  th e  acu te  a n d  chronic fe ta l liv e r chan g es w ith  equine rh in o p n eu m o n itis  
v iru s . T his is in good accordance w ith  o u r earlier hypo thesis  t h a t  also th e  
ch ro n ic  liver changes o f  th e  equine fe tu s  a re  elicited and  m a in ta in e d  b y  th e  
a g e n t o f rh in o p n eu m o n itis .

T h e  organic change p rim arily  responsib le  for fe ta l d e a th  in  rh in o ­
p n eu m o n itis  has been  m uch  d isp u ted . J e l e f f  (1957, 1964) a lth o u g h  h av in g  
o b serv ed  h e p a titis  in  m o st cases, p o s tu la te d  th a t  the  change o f th e  cen tra l 
n e rv o u s  system  also p lay s  a role in  th e  f a ta l  disease. J a c k s o n  a n d  K e n d r i c k

(1971) an d  P e t z o l d t  e t al. (1972) fa iled  to  su b s ta n tia te  th is  a ssu m p tio n  on 
th e  basis  of v iro logical ex am in a tio n s; th e y  d id  no t exclude th a t  th e  ag en t 
m ig h t e n te r  th e  c e n tra l nervous sy stem  d u rin g  the  stage of v iraem ia , b u t  
p o in te d  o u t th a t  v iru s  p artic les are  d e te c te d  in  th e  liv er an d  lungs m ost 
p re se n tly . S á l y i  (1941) failed to  d e te c t a n y  no tab le  lesions in  th e  cen tra l 
n e rv o u s  system  o f a la rg e  group o f equ in e  fetuses ab o rted  in  th e  course of 
rh in o p n eu m o n itis  o u tb reak s .

T h e  sev erity , ex tension  an d  n a tu re  o f th e  liver lesions fo u n d  in  th e  
p re se n t s tu d y  suggest th a t  these  changes p la y  th e  lead ing  p a r t  in  th e  fa ta l 
o u tco m e of th e  fe ta l rh in o p n eu m o n itis  v iru s  disease. I t  is re m ark ab le  th a t  a 
g re a te r  p a r t  o f th e  liv e r lesions a sso c ia ted  w ith  th e  acu te  an d  chron ic  h e p a titis  
due  to  rh in o p n eu m o n itis  v irus are  o f s im ila r n a tu re  to  tho se  en co u n te red  in  
th e  v a rio u s  v iru s  h e p a titid e s  of m a n  a n d  an im als ( in tran u c lea r  inclusions, 
single cell acidophilic  necrosis, C ouncilm an  bodies, focal an d  diffuse p ro life ra ­
tio n  of R H S  cells, e tc .).

A ccording to  p re se n t know ledge, eq u in e  rh inopneum on itis  is caused  by
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an  agen t of th e  H erpesv irus g roup . I t  has long been  k n o w n  from  ex p erim en ta l 
infections ( G o o d p a s t u r e  an d  T e a g u e , 1923; A n d e r s o n , 1940) th a t  th e  m o st 
ch a rac te ris tic  m em b er of th is  g ro u p , th e  herpes s im p lex  v iru s, affects th e  
meso- an d  en to d erm al s tru c tu re s  to  th e  sam e degree as th e  ec toderm al tissues. 
I t  is of in te re s t from  th e  v iew p o in t of co m p ara tiv e  p a th o lo g y  th a t  th e  herpes 
sim plex v iru s causes a severe d isease in  th e  v isceral o rg an s o f new born  in fa n ts :  
h e p a titis  and  generalized  herpes ch iefly  affect p re m a tu re l babies. In  th e  
fo rm er case a le th a l h ep a titis  develops, accom pan ied  b y  th e  fo rm a tio n  o f 
necro tic  foci, g ian t cells and  in tra n u c le a r  inclusions. In  th e  generalized  fo rm , 
n ec ro tic -in flam m ato ry  foci also a rise  in  th e  spleen, a d ren a ls  an d  o th e r organs 
o f th e  new born. In  an im al ex p e rim en ts  ( A n d e r s o n , 1940), th e  course of th e  
herpes sim plex v iru s  in fection  w as found  to  depend  g re a tly  on th e  age of 
fe tu s : younger fe tu ses u su a lly  dev e lo p ed  th e  genera lized  fo rm , w hereas o lder 
ones developed h e p a titis . S im ilar observa tions w ere m ad e  on th e  h u m a n  
in fa n t ( Z u e l c e r  an d  S t u l b e r g , 1952). The le th a l fo rm  of equine rh in o - 
pneum on itis  also occurs in th e  fe ta l  or new born  age. I t  is know n  th a t  h erp es  
sim plex v iru s m ay  p ers is t fo r a long  tim e  in th e  organs of in fan ts . Such  a 
persistence m ay  acco u n t for th e  occasional chronic liv e r  lesions in equ ine  
fetuses during  rh in o p n eu m o n itis  o u tb reak s .

T hus, th e  herpes sim plex v iru s  in fection  of h u m an  in fa n ts  and  th e  fe ta l 
equine h ep a titis  caused  b y  rh in o p n eu m o n itis  v iru s  h a v e  several com m on 
fea tu res  in  resp ec t of m orpho log ica l p ic tu re  a n d  p a th o g en esis . This co n c lu ­
sion and  th e  re su lts  of th e  pa th o lo g ica l exam in a tio n s of equ ine  fetuses d ise­
ased during  rh in o p n eu m o n itis  o u tb re a k s  serve as an  ad d itio n a l p ro o f of 
C o r r e a  and  N i l s s o n ’s (1966) ea rlie r hypo thesis  th a t  rh in o p n eu m o n itis  is th e  
v ira l h ep a titis  of th e  horse.

*

Acknoivledgements. The au th o r is in d eb te d  to Mrs. Gy . P e t h e s  fo r p re p ara tio n  o f th e  
u ltra - th in  sections an d  e lectron  m ic ro g rap h s an d  to Mrs. J .  N a m é n y i fo r th e  pho tocop ies.

SU M M A RY

L iver lesions o f tw o equine fe tu ses , a b o rted  in  th e  course o f a rh in o p n eu m o n itis  o u t­
b reak  a fte r  7 weeks a n d  10 m on ths o f in tra u te r in e  life, respec tive ly , w ere exam ined  by  e lec tro n  
m icroscopy. The younger fe tus had  an  a c u te  h e p a titis  w ith  ex tensive  p a ren ch y m a l cell dam age 
(F ig . 1). L iver cell necrosis and  C ow dry’s ty p e -A  in tra n u c le a r inclusions w ere freq u e n t an d  
a sporadic g ian t cell fo rm atio n  was seen. T h e  coarse endoplasm ic re tic u lu m  was often  h y p e r ­
tro p h ic  and  also th e  o th e r cy top lasm ic  organelles were severely  d am ag ed  (Figs 4 an d  5). 
In flam m ato ry  phen o m en a  were seen in  th e  sinusoids and  D isse’s gaps. M any virus p a rtic le s , 
show ing th e  ch arac te ris tics  of herpes v iru s , ap p eared  in  th e  d a m a g ed  liv e r cells an d  th e ir  
nuclei as well as in th e  in te rce llu la r space  (F igs 2— 5).

T he older fe tu s , w hich  died sh o rtly  a f te r  hav ing  been  a b o rte d , show ed chronic liv e r  
lesions. T he in te rlo b u la r sep ta  w ere in f il t ra te d  by  h istiocy tes a n d  ly m p h o cy tes  (F ig . 6), 
w ith  an  increased  n u m b er o f f ib ro b la s ts  a n d  collagen fib res , th e re  w as a focal an d  d iffuse  
p ro life ra tio n  of R H S  cells, a con tinuous b a se m e n t m em brane fo rm a tio n  to o k  place in  D isse’s
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g ap s  (Fig. 8), th e  b ilia ry  d u c ts  w ere d am aged  (F igs 7, 10 and  11), single cell lesions and  (Fig. 
12) fo rm atio n  of C ouncilm an  bodies (F ig. 9) occu rred  sporadically  in  th e  liv e r lobules. I n t r a ­
n u c le a r  inclusions in d ic a tiv e  o f th e  ac tio n  of a D N A  v iru s were p re se n t in liver cells an d  
R H S  cells, b u t  no v iru s p a r tic le  w as found  (F ig . 12).

These find ings a n d  p rev io u s ob se rv a tio n s o f th e  au th o r u n eq u iv o ca lly  suggest th a t  
d u rin g  ou tb reaks of rh in o p n eu m o n itis , affected  equ in e  fe tuses chiefly  develop  a le th a l h ep a ­
t i t i s  o f  an  acute or ch ron ic  course. C o m para tive  ex am in atio n s hav e  d isclosed  a  g re a t m o r­
pholog ica l sim ilarity  o f th e  re la te d  lesions to  th o se  associated  w ith  o th e r  fo rm s of v ira l h ep a ­
t i t i s .  On a m orphological b asis, equ ine  rh in o p n eu m o n itis  can  well be re g a rd e d  as v ira l h ep a titis  
o f  th e  horse.
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(R ece iv ed  M arch 12, 1973)

T he freq u en t occurrence o f foot diseases in  swine in d ica te s  th a t  in 
ce rta in  cases th e  poor q u a lity , red u ced  s tre n g th  or e la s tic ity  o f th e  h o rn y  p a r t  
o f th e  foot m ay pred ispose fo r such  conditions. T he p rev en tio n  o f foo t diseases 
w ould  be of im m edia te  in te re s t  in  large-scale swine farm s, b u t  th is  requires 
a th o ro u g h  know ledge of th e  d ev e lopm en t of foo t horn  an d  o f th e  fac to rs 
in fluencing  it.

As fa r as we are in form ed, o f th e  horny  s tru c tu re s  of sw ine only th e  sk in  h as been 
s tu d ied  by  e lectron  m icroscopy ( J e n k in s o n , 1965; K a ra sek  and  Oe h l e r t , 1968), b u t  no 
d a ta  are availab le  on th e  dev elo p m en t o f foot ho rn  and  u ltra s tru c tu re  of th e  co ronary  band . 
I t  seem ed, therefo re , w orthw hile  to  in v es tig a te  th e  h isto logical s tru c tu re  o f th e  coronary  
b a n d  of swine foot and  th e  m echan ism  o f keratin iza tio n .

T his p ap er rep o rts  u l tr a s tru c tu ra l  s tud ies of th e  ep iderm is, w ith  regard  
to  a possible re la tio n  betw een  f in e -s tru c tu ra l de ta ils an d  age.

M ateria ls  and M ethods

H e a lth y  w hite  bacon  pigs m a in ta in ed  on a com m ercial d ie t w ere used. 
Tw o an im als each w ere k illed  a t  2, 10, 20, 40 and  80 days of age an d  blocks 
of one cu. m m  volum e w ere c u t from  th e  co ronary  b an d  of th e  a n te r io r  le ft 
fo o t; k e ra tin iza tio n  proceeds m o st v igorously  in th is  p a r t . T h e  specim ens were 
fix ed  in  a 2%  osm ium  te tro x id e  so lu tion  buffered  accord ing  to  P a llad e , de­
h y d ra te d  in step -g rad ed  e th a n o l a n d  em bedded  in  D u rcu p an . T h e  u ltra - th in  
sections w ere cu t w ith  a R e ich e rt U ltram icro to m e and  e lec tron  m icrographs 
w ere p rep ared  in  a T E S L A  ty p e  B s 613 e lectron  m icroscope. S em i-th in  sec­
tio n s w ere sta in ed  w ith  to lu id in e  b lue.

R esults

T he u ltra - th in  sections show ed  th a t  th e  germ ina tive  lay e r of th e  ep ider­
m is is sep ara ted  from  th e  co rium  b y  an  u n d u la tin g  b a se m e n t m em b ran e ,
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passin g  parallel to  th e  m a rg in  of th e  g erm in a tiv e  cell lay e r. T he b asem en t 
m em b ran e  is fine ly  g ra n u la r , a b o u t 500 Â w ide, lo c a te d  ab o u t 300—400 Â 
aw ay  from  th e  basa l cells o f th e  ep iderm is (Figs 1— 3). A delica te  n e t of loosely 
a rran g ed  re ticu la r f ila m e n ts  is seen betw een  th e  b a se m e n t m em brane an d  th e  
collagen fibrils of th e  co rium  (F ig . 2).

The cells of th e  g e rm in a tiv e  lay e r have  a g ra n u la r  hyalop lasm  of m edium  
elec tro n  density . T he n u c le i a re  ro u n d  or oval, w ith  severa l in v ag in a tio n s and  
a conspicuous nucleo lus (F igs 1 an d  2). T he basa l su rface  of th e  cells is s lig h tly  
u n d u la tin g  a t 10 an d  20 d ay s  of age (Figs 1 an d  2), b u t  deeply inv ag in a ted  
a t  80 days (Fig. 4). T h e  cells a re  connected  w ith  th e  b asem en t m em b ran e  by  
m a n y  sem idesm osom es; th e  opposite  side of th e  m em b ran e  is sligh tly  th ick e r 
a n d  m uch m ore e lec tro n  dense  (Figs 2, 3 and  13/a). M ost cy top lasm ic  organelles 
a re  of ju x ta n u c le a r  p o s itio n .

The m ito ch o n d ria  a re  ro u n d ish , w ith  w ell-v isib le c ristae  an d  som e of 
th e m  contain  m an y  osm ioph ilic  g ranu les. T he Golgi a p p a ra tu s  is w ell-developed. 
T h e  sm ooth an d  coarse endop lasm ic  re ticu lu m  h av e  a less well defined 
s tru c tu re  and  a p p e a r d ila te d  in places. M any free ribosom es are  p resen t in 
th e  hyaloplasm . T h e  c y to p la sm  con ta in s bun d les  of tono fib rils  (epithelio- 
fib rils) in a rou g h ly  ra d ia l  a rran g em en t. A t 80 day s of age, th e  tonofib rils 
a re  m ore num erous an d  fo rm  th ic k e r bundles th a n  in  y o u n g er age. T he neigh­
bou rin g  cells are  lin k ed  b y  dense in te rd ig ita tio n s  in side  w hich reg u la r des­
m osom e s tru c tu res  a re  seen. T h e  in te rce llu la r space is d ila te d  in p laces. A few 
m elanocy tes occur am o n g  th e  basa l cells.

The s tra tu m  sp inosum  consists of tw o to  severa l row s of cells. N eigh­
bou rin g  cells are  lin k ed  w ith  one a n o th e r b y  d ig it-like  s tru c tu re s . B etw een  
th e  cells th ere  are  m a n y  1800— 4000 Â long desm osom es, w hose la te ra l, 
in te rm ed ia ry  e lec tron  dense  p a r t  can  easily be d iffe re n tia ted  from  th e ir  m edial, 
in te rce llu la r c o n ta c t la y e r  (F ig . 13b). T he cells of th e  s tra tu m  spinosum  have 
cen tra lly  p laced nuc le i; th e se  are  ro u n d  or oval an d  in  th e  cells im m edia te ly  
above the  g erm in a tiv e  la y e r  often  lobu lar. T ow ards th e  s tra tu m  granu losum , 
th e  long itud inal n u c le a r  ax is is p ara lle l w ith  th e  su rface  of th e  epiderm is. 
T h e  nuclei of m ost cells a re  su rro u n d ed  by  an  o rganelle-free zone (F ig . 6). 
T h e  tonofibrils are  o rd e red  co ncen trically  a round  th e  nucleus an d  are m ore 
num erous th a n  in  th e  s tr a tu m  g erm in a tiv u m  cells. G rea te r  n u m b ers  and  
la rg e r bundles of to n o fib rils  w ere found  in specim ens from  40-day  and  80-day 
old  pigs com pared  to  y o u n g e r an im als (Figs 5 an d  6). T he c o n s titu e n t f ila ­
m en ts  of m ost to n o fib rils  a re  w ell-defined. C ondensa tion  of tono fib rils  and  
th e  presence b e tw een  th e m  of round ish , e lec tron  dense cy top lasm ic bodies, 
described  by  Z e l i c k s o n  (1967) as “ m em b ran e-co a tin g  g ranu les”  (MCG), was 
o ften  seen in cells a d ja c e n t to  th e  s tra tu m  g ran u lo su m  (Fig. 7). The dense 
bodies were 700— 2500 A in d iam ete r. T he s tra tu m  sp inosum  cells con ta ined  
few er m itochondria  an d  organelles th a n  the  s tra tu m  g erm in a tiv u m  cells.
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F ig. 1. T ran s itio n  be tw een  ep ithe lium  and  corium . Cells o f th e  s tra tu m  basale co n ta in  tonofib rils  (T), th e  
corium  co n ta in s collagen fib rils (K ). The endoplasm ic re ticu lu m  (E r) is d ila ted  10-day-old p ig let. X 12,040.

N, nucleus
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3 4 6 K A P P  and В. KOVÄCS

F ig . 2. B orderline be tw een  co rium  an d  ep iderm is; cells of th e  s tra tu m  g e rm in ativ u m . 10- 
d a y -o ld  pig. N, nucleus; M, m ito ch o n d rio n ; K , collagen fib res in th e  corium ; bm , basem en t 

m em b ran e ; Sd, sem idesm osom es X  12,040.

T he s tra tu m  g ranu losum  consists  of one or tw o cell row s. T he cells have 
f la t , oval nuclei, a rran g in g  p a ra lle l to  the surface of th e  ep iderm is. T he c y to ­
p lasm ic  tonofibrils also ru n  p a ra lle l to  th e  surface. T he cells co n ta in  highly  
e lec tro n  dense k e ra to h y a lin  g ran u les  w hich are round ish  an d  q u ite  sm all a t
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Fig. 3. T ran s itio n  be tw een  ep ith e liu m  and  corium . D e ta il o f a s tra tu m  g e rm in a tiv u m  cell. N ote associa­
tio n  be tw een  sem idesm osom e an d  to n o fib ril, w idenings o f th e  basem en t m em brane  and  increase o f e lectron  
d ensity . 20-day-old  pig. X 72,800. T , to n o fib ril;  Sd, sem idesm osom e; C, corium ; K , collagen fibres; B m , w

b asem en t m em brane ■4
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Fig. 4. T ran s itio n  betw een  ep ith e liu m  an d  corium . T he processes o f s tra tu m  g erm in ativ u m  cells (-*-) are 
well-visible. 80-day-old pig. X 12,960. N, nucleus; T f, to n o fib ril; C, corium ; ic, in te rce llu la r space
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Fig. 5. S tra tu m  spinosum  cell from  2-day-old  p ig le t. M any desm osom es link  th e  cells an d  long itu d in a l and 
cross-sections of to n ofib rils  are seen in th e  cy top lasm . X 12,500. N, nucleus; M, m ito ch o n d rio n ; Tf, to n ofib ril
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F ig. 6. D e ta il o f s tra tu m  spinosum  cell from  th e  co ronary  b an d  of th e  na il o f a 40-day-old  pig. T he n u ­
cleus (N ) is su rro u n d ed  by  an  organelle-free zone, b u t  th e  cy to p lasm  is p ack ed  w ith  dense b u nd les of 

to nofib rils  (Tf). T he m icrofib rils a re  well-visible. X 25, 740

350 
K

A
P

P
 and B

. 
K

O
V

Á
C

S



ULTRASTRUCTURAL D ETA ILS OF T H E  CORONARY BAND 3 5 1

Fig. 7. M em brane-coating  granules (—*-) in  s tra tu m  sp inosum  cells. 10-day-old  pig. X 18,500.

2 an d  10 days of age, b u t irreg u la r in  shape  an d  la rg e r la te r  (80 days) (F igs 
8 an d  9). In  m o st cases, small k e ra to h y a lin  g ranu les also in  th e  nucleus, fo l­
low ed b y  a decrease in  density  a n d  loss of d efin itio n  of th e  nu c lear s tru c tu re . 
As long as only few  k e ra to h y a lin  g ran u les  are  p resen t in  th e  cell, c e rta in  
organelles can s till be recognized in  th e  h y a lo p lasm  (Fig. 9). W hen  th e  granu les 
grow  larger, th e  cy top lasm  becom es hom ogeneous an d  th e  organelles en tire ly  
loose defin ition  (F ig . 8). MCG are  p re se n t in  a g rea te r n u m b er th a n  in  th e  
s tra tu m  spinosum  cells.

T he cell m em b ran e  is u n d u la tin g , s lig h tly  th ic k e r th a n  u sua lly  an d  
h igh ly  electron dense. The s tru c tu re  o f th e  desm osom es corresponds essen tia lly  
to  th a t  observed in  th e  s tra tu m  sp inosum  (F ig . 13c).

F la t tra n s ito ry  cells, co n ta in in g  m asses of k e ra to h y a lin , occasionally  
even  k e ra tin -like  s tru c tu re s , are seen in m a n y  places im m ed ia te ly  below  th e  
s tra tu m  corneum  (F igs 10 and 11). T h e  nucleus of such cells is scarcely v isib le, 
if  a t  all. In  o th e r  p laces fully k e ra tin iz e d  cells are  seen im m ediately  above 
th e  s tra tu m  granu losum .
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Fig. 8. S tra tu m  g ranulosum  cell. N ote th e  irreg u larly  shaped  k e ra to h y a lin  g ranules (K h) in  th e  
cy to p lasm  and  th e ir  association  w ith  to n ofib rils  (Tf). 80-day-old  pig. X 12,960. N, nucleus
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1973 Fig. 9. D etail o f s tra tu m  g ranu losum  cell. T he to nofib rils  a re  closely assoc ia ted  w ith  k e ra to h y a lin  granules 
(K h), and  free ribosom es (R ) are seen in th e ir  su rround ings. M itochondria  (M) or th e ir  re m n a n ts  localize

n earb y  th e  nucleus. 2 -day-old  p ig let. X 37,800
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Fig. 10. T ran s itio n  be tw een  s tra tu m  corneum  and  s tra tu m  g ranulosum . N ote th e  h ighly  e lectron  dense 
k e ra to h y a lin  g ranules in th e  tra n s ito ry - ty p e  cells (T). T hree  cells of th e  s tra tu m  co rneum  (C) show a foam

stru c tu re . 10-day-old pig. X 36,400
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80-day-old pig. X 12,960
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Fig. 12. S tra tu m  co rneum  cells of a 20-day-old pig. T he th ick en ed  cell m em brane  form s an  e lectron  dense 
layer ( t ). N ote  th e  desm osom es (D) and  the  g ra n u la r  sub stan ce  in th e  in te rce llu la r space an d  th e  k e ra tin

s tru c tu re  in th e  cy top lasm , x  12,000
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Fig. 13 a-d . U ltra s tru c tu re  o f sem idesm osom e and  desm osom e, a, in s tr a tu m  g erm in ativ u m  
(  X 70,000); 6, betw een  s tra tu m  sp inosum  cells ( X 70,000); c, in s tra tu m  g ran u lo su m  ( X 54,600); 

d, be tw een  s tr a tu m  corneum  cells ( X  70,000)
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T he cells of th e  s tr a tu m  corneum  are  qu ite  f la t ,  w ith  no ind ica tion  of 
nucleus or organelles. D eep  in v ag in a tio n s a lte rn a te  w ith  processes on th e  
su rface  of such cells (F ig . 12). T h e  in te rce llu la r space co n ta in s  a finely  g ranu lar, 
in  p laces vacuo lar, su b s ta n c e  an d  m an y  desm osom es. T h e  la t te r  differ u ltra - 
s tru c tu ra lly  from  th e  desm osom es of th e  spinosum  an d  granu losum  cells; 
th e y  have a h igh ly  e lec tro n  dense cen tra l core w hich is connected  w ith  th e  
cell m em branes on b o th  sides b y  a th in , less dense la y e r  (F ig . 13d). T he cell 
m em branes ap p ear s lig h tly  th ick en ed  and  h ighly  e lec tro n  dense, m erging 
w ith  th e  sim ilarly  dense cy to p lasm ic  k e ra tin . T he s tru c tu re  of th e  k e ra tin  
can  be recognized in  som e cells, b u t  th e  cy top lasm  is in  places loose and 
spongious; o ther cells a p p e a r  to  consist of an  en tire ly  hom ogeneous, highly  
e lectron-dense su b stan ce  in  w hich  k e ra tin  appears as a s tru c tu re le ss  m ass.

Discussion

E lectron  m icro g rap h s o f th e  co ronary  b an d  of th e  foo t horn  of young 
(2— 80 days old), h e a lth y  p igs show th a t  th e  ep ith e liu m  an d  corium  are 
se p a ra te d  b y  a b a se m e n t m em b ran e  ab o u t 500 Â in  th ick n ess . This follows 
th e  contours of th e  ep ith e lia l cells and  is accord ingly  m ore  or less u n d u la tin g . 
M any  sem idesm osom es lin k  th e  b asem en t m em brane w ith  th e  ep ithe lia l cells.

The processes link in g  th e  s tra tu m  germ in a tiv u m  cells w ith  th e  corium  
are  m ore developed in  o ld e r an im als th a n  in  v e ry  y oung  ones.

The ep ithe lia l cells o f c e r ta in  layers of th e  co ro n ary  ep iderm is d ifferen­
t ia te  for a special fu n c tio n . T h e  s tra tu m  germ in a tiv u m  cells are of m edium  
elec tro n  density  an d  c h a rac te rized  by  th e  presence o f m itochondria  and  
ribosom es, an ac tive  Golgi a p p a ra tu s  and  d ila ted  endop lasm ic  re ticu lum . 
T h e y  also con ta in  to n o fila m e n ts  and  tonofib rils, w hich  increase in  n um ber 
w ith  th e  age. T he v a r ie ty  o f cell organelles in d ica te  a h igh  a c tiv ity  and  fu n c­
tio n a l capacity  of th e  b a sa l cells. The s tra tu m  g e rm in a tiv u m  of th e  skin o f 
m in ia tu re  pigs was found  to  co n ta in  cells of d ifferen t d en sity  and  s tru c tu re  
( K a r a s e k  and  O e h l e r t , 1968). No such phenom enon  w as observed in  th e  
p re se n t s tu d y  of sw ine co ro n a ry  b an d ; u ltra s tru c tu ra l d issim ilarities of th e  
sam e ty p e  of cells m ay  p ro b a b ly  resu lt from  th e  d iffe ren t m ethods of p roc­
essing.

The increase of to n o filam en ts  and  th e ir  aggregation  to  tonofib rils , during  
w hich  th e  cell organelles te n d  to  van ish , begins in  th e  s tra tu m  spinosum  
cells. A p art from  th e  free  p e rin u c lea r zone, these  cells co n ta in  m any  bund les 
o f  tonofibrils, especially  in  o lder (80-day) an im als. T h is ind ica tes th a t  th e  
m echan ical s tra in  of th e  h o rn y  ep ithelium  of th e  foo t te n d s  to  increase w ith 
age and  the  s tru c tu ra l d ev e lo p m en t of th e  ep ithe lia l cells ta k e s  place acco rd ­
ing ly . Like in th e  skin of m in ia tu re  pigs ( K a r a s e k  a n d  O e h l e r t , 1968) th e
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c o n s titu e n t filam en ts of tono fib rils  w ere genera lly  w ell-visible in th e  s tra tu m  
sp inosum  of th e  co ronary  b an d .

I t  should  be m en tioned  th a t  a co ndensa tion  of th e  cy top lasm ic  to n o ­
fib rils  h a d  a lready  ta k e n  place in  ce rta in  areas o f th e  u p p e r s tra tu m  sp inosum  
lay ers .

A p a r t  from  th e  num erica l increase  in  to n o fib rils , cy top lasm ic  “ m em ­
b ra n e  coating  g ranu les”  (MCG) ap p ea red  in  th e  spinosum  and  g ranu losum  
cells in  th e  fu r th e r  phase of k e ra tin iz a tio n . T he g ranu les increased in n u m b er 
in  th e  a rea  of th e  s tra tu m  g ranu losum  and  ag g reg a ted  along th e  cy top lasm ic  
m em b ran e . This phenom enon  clearly  in d ica tes  th a t  th e  granules pass in to  th e  
in te rce llu la r  space d u ring  th e  fu r th e r  process o f k e ra tin iza tio n . T he m a n n e r 
o f th e ir  escape from  th e  cell is s till a m a tte r  o f d isp u te . Several in v es tig a to rs  
( M a t o l t s y , 1966; R u p e c  an d  B r a u n - F a l c o , 1965; Z e l i c k s o n , 1967) hold  
th e  v iew  th a t  th e  cy top lasm ic  g ranu les fuse w ith  th e  cell m em brane, causing  
its  tra n sfo rm a tio n  an d  th ick en in g , and  th e ra f te r  pass in to  th e  in te rce llu la r 
space to  form  th e  p ro tec tiv e  or cem en ting  co a t of th e  ho rny  lay er. O thers 
( F r e i  an d  S h e l d o n , 1961) are  o f th e  opinion th a t  th e  cell m em b ran e  in ­
v ag in â te s  to  help th e  escape of th e  g ranules.

T he m ost ch a rac te ris tic  ev en t of th e  u ltra s tru c tu ra l  course of k e ra tin iz a ­
tio n  w as th e  ap p earan ce  of k e ra to h y a lin  g ranu les in  th e  granulosum  cells of 
th e  epiderm is. A t a young  age (2— 20 days) th e  k e ra to h y a lin  bodies w ere 
sm all an d  roun d ish  or oval, su b seq u en tly  (80 days) la rger, and  irre g u la r  in 
shape . R egardless of age, th e  k e ra to h y a lin  w as h igh ly  electron dense and  
d iffe ren t am o u n ts  of i t  were p re sen t in th e  cells, w hile cell organelles o r th e ir  
residues w ere still seen. T he close association  of th e  k e ra to h y a lin  granu les 
w ith  tonofib rils an d  ribosom es w as c learly  seen in  m ost cells. I t  is know n 
th a t  th e  k e ra to h y a lin  granules of th e  s tra tu m  g ranu losum  p lay  an  im p o r ta n t  
role in  k e ra tin iza tio n . I t  has been suggested  th a t  th e  k e ra to h y a lin  bodies are  
in co rp o ra ted  in th e  tonofib rils to  form  th e  in te rf ila m e n ta ry  su bstance  o f k e ra ­
t in . A ccording to  an  a lte rn a tiv e  hyp o th esis  k e ra to h y a lin  is th e  d irec t p re ­
cu rso r of k e ra tin  ( S u g á r , 1966).

A ccording to  H o r s t m a n n  (1961), th e  s tra tu m  granu losum  is a b se n t over 
th e  co ro n ary  b an d  an d  k e ra tin iz a tio n  tak es  p lace in th is  area w ith o u t k e ra to ­
h y a lin  fo rm ation . W e saw b o th  th e  g ranu losum  lay e r and  k e ra to h y a lin -  
co n ta in in g  cells in  th is  s tu d y .

T he fina l issue of th e  specialized tra n sfo rm a tio n  of ep ithe lia l cells can  
be seen in th e  s tra tu m  corneum . T ran sitio n  of th e  g ranulosum  lay e r in to  th e  
k e ra tin ized  lay e r w as seen to  occur in  places b y  th e  developm ent of so-called  
tra n s ito ry  cell ty p e s ; in o th e r p laces th e  tra n s it io n  was d irec t, w ith o u t 
tra n s i to ry  form s. T he ep ithe lia l cells of th e  horn ified  lay e r had  becom e q u ite  
f la t ,  w ith  u n d u la tin g  m arg ins, an d  a reg u la r p a tte rn  of k e ra tin  s tru c tu re  
filled  th e  cy top lasm . A lthough  som e of th e  s tra tu m  corneum  cells h ad  a
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spong ious s tru c tu re  w ith  an  in d is tin c t p a t te rn  of k e ra tin , no lay ers  of d if­
fe re n t cell ty p es could  be d iffe ren tia ted  in  c o n tra s t to  th e  o b se rv a tio n  of 
o th e rs  ( B r o d y , 1959; K a r a s e k  an d  O e h l e r t , 1968; N ix  e t ah , 1964) in 
d iffe re n t m ateria l.

P ara lle l to  th e  d iffe ren tia tio n  of th e  lay e rs  of th e  ep iderm is, th e  des­
m osom es (Fig. 13) developed  as described  in  d e ta il in th e  foregoing.

T he k e ra tin iz a tio n  processes d e m o n s tra te d  b y  electron m icroscopy in th e  
ep id erm is  of th e  co ro n ary  b a n d  of th e  sw ine foo t correspond essen tia lly  to  
those  observed in th e  ep iderm is of hu m an s an d  d ifferen t an im als, ex cep t th a t  
th e  m echanical s tra in  increasing  w ith  age induces ch a rac te ris tic  s tru c tu ra l 
ch an g es, includ ing  an  e x tra o rd in a rily  pow erfu l developm ent of th e  ep ithelio- 
f ih rils  w ith in  th e  ep iderm is cells.

I t  appears th a t  th e  m echan ical fac to rs  re la ted  to  ac tiv e  m ov em en t 
h a v e  a decisive role in th e  a p p ro p ria te  progress of k e ra tin iza tio n  an d  th ro u g h  
i t  on th e  no rm al p ro d u c tio n  of ho rny  m a tte r .

*
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SUM M ARY

Specim ens of th e  co ro n ary  b a n d  of foo t h o rn  of pigs aged 2— 80 d ay s w ere exam ined  
e lectron -m icroscop ica lly . T he re la tio n s be tw een  ep iderm is an d  corium  (F igs 1— 3) and  th e  
cell co n s titu e n ts  of th e  g e rm in ativ e  (F igs 1— 4), sp inosum  (Figs 5— 7), g ranu losum  (Figs 
8— 11) an d  corneum  (F ig . 12) lay e rs o f th e  ep iderm is are  described. The u l tra s tru c tu re  and 
spec ia lized  tran s fo rm a tio n  of th e  cells are analyzed  a n d  th e  process o f k e ra tin iz a tio n  is fo l­
lo w ed  u p  e lectron  m icroscopically  w ith  reg ard  to  age. O bserva tions on  th e  tran s fo rm a tio n  
o f  desm osom es, w hich lin k  th e  cells w ith  one a n o th e r in  c e rta in  lay ers o f th e  ep iderm is, are 
also re p o rte d  (Fig. 13/a, b, c).

T he u l tra s tru c tu ra l  de ta ils  w ere fo u n d  to  resem ble  those  described by  o th e rs  for th e  
e p id e rm is  o f m an  an d  d iffe ren t an im als , excep t t h a t  th e  sw ine coronary  b a n d  undergoes a 
spec ia lized  s tru c tu ra l tran s fo rm a tio n  u n d e r  th e  in fluence  of th e  increase o f m echan ical s tra in  
w ith  age. The m ain  ch a ra c te ris tic  o f th is  s tru c tu ra l change is an  increased  fo rm atio n  of epi- 
th e lio -fib rils  (tonofibrils). I t  is concluded th a t  th e  n o rm al progress o f k e ra tin iz a tio n  and  
n o rm a l p ro d u c tio n  of h o rn y  m a tte r  are  g rea tly  in flu en ced  by  th e  m echanical fac to rs  re la te d  
to  a c tiv e  m ovem ent.
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The follow ing m em bers of M ycoplasmatales have  been  iso la ted  so far from  sw ine: 
M ycoplasm a hyorh in is  (Sw it z e r , 1955; D in t e r  e t a l., 1965), M . granularum  (Sw it zer , 1964), 
M . hyopneum oniae (su ipoeum oniae) (Ma re  a n d  Sw it z e r , 1965; G o od w in  e t al., 1967) a n d  
M . hyosynoviae  (R o ss  a n d  D u n ca n , 1970; F r iis , 1970); th e re  are  on ly  few pub lica tions con­
cerning th e  occurrence  of Acholeplasma  species in sw ine (D in t e r  e t al., 1965). In  c o n tra s t  
to  th is in our co u n trie s  Acholeplasma  cou ld  be iso la ted  v e ry  o ften  from  swine (Sc h im m el  
an d  P ustovar , 1971; R omváry  e t al., 1971).

So fa r th re e  s te ro l-nonrequ iring  A choleplasm a  species (E d w a r d  and  F r e u n d t , 1970) 
are know n; A . la id law ii, A .  granularum  a n d  A . axan lhum  (T u l l y  a n d  R azin , 1968, 1969). 
In  co n tra st to  th e  m em bers o f th e  f irs t  tw o species occurring  v e ry  o ften  in n a tu ra l c ircu m ­
stances, only tw o  s tra in s  o f A . axanthum  have  been  iso la ted  u p  to  now, b o th  (S-410 a n d  
S-743) from  m ouse leu k aem ia  cell lines (F r ie n d  e t  a l., 1966a, b ) a n d  there  is no in fo rm a ­
tio n  ab o u t th e  occurrence  of th is  species in  anim als.

In  earlier s tu d ie s  several ste ro l-n o n req u irin g  A choleplasm a  s tra in s  were iso la ted . 
T heir serological ex am in a tio n  includ ing  tu b e  ag g lu tin a tio n , slide ag g lu tin a tio n  read  by  phase - 
co n tra s t m icroscopy a n d  agar-gel p re c ip ita tio n  show ed stra in s  o f d iffe ren t antigenic s tru c tu re  
(Ma rtin  e t al., 1968; Schim m el  and  P u stov a r , 1971).

D uring  m ore  d e ta iled  ex am in a tio n  o f th e  s tra in s  an d  th e ir com parison  
w ith  in te rn a tio n a l reference Acholeplasm a  s tra in s  we fo u n d  tw o A . axan thum  
s tra in s. R esu lts  o f th is  ex am in a tio n  are p resen ted  in  th is  paper.

Materials and Methods

Strains. S t r a in s  D x/58, a  s t r a in  i s o la t e d  f r o m  t h e  j o i n t  o f  a  p ig ,  a n d  
D 3/1796, i s o la t e d  f ro m  th e  n a s a l  c a v i t y  o f  a  p ig ,  w e re  o b ta in e d  f ro m  t h e  
c o lle c tio n  o f  o n e  o f  u s  (D. S c h .).

A fter open ing  th e  am poules th e  s tra in s  w ere re h y d ra te d  and  in o cu la ted  
on to  B E  ag ar m ed ium  and  in to  B E  flu id  m ed ium . T h e  5-day-old  fluid c u ltu re s  
w ere f iltra te d  th ro u g h  M illipore f ilte r  (G SW P 02500,25 ea GS 0.22), f i l t ra te s  
w ere spread on a g a r m edium , p la te s  w ere c u ltiv a te d  in  candle  ja r  fo r 5 d ay s . 
T hen  2 su b cu ltu res  w ere m ade from  tw o  single colonies. T he subcultures w ere 
cloned 3 tim es inc lu d in g  f iltra tio n  of flu id  cu ltu res  th ro u g h  Millipore f i l te r  
each tim e. S u b cu ltu res  o b ta in ed  in th is  w ay  w ere used  fo r fu r th e r  ex am in a tio n .
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F o r com parison  of th e  s tra in s  s tu d ie d  th e  following reference  s tra in s  
w ere  used : A . la id law ii A PG  8, A . la id la w ii B F-8, A . g ranu larum  (F rien d ), 
A .  axan thum  ATCC 25176, an d  A . sp . P G  49 (Squire). T he reference  s tra in s  
w ere  o b ta in ed  from  th e  FA O /W H O  In te rn a tio n a l  Reference C en tre  for A nim al 
M ycoplasm as ( In s t i tu te  of M edical M icrobiology, U n iv e rs ity  o f A arhus, 
A a rh u s , D enm ark).

M edia

T he cu ltu ra l p ro p ertie s  of th e  s tra in s  w ere stud ied  on th e  B E  m edium  
u sed  in  th e  W H O  C en tre : 90 m l o f H e a r t  In fusion  B ro th  (D IF C O ), or H e a r t  
In fu s io n  A gar (D IFC O ) p rep ared  a cco rd in g  to  th e  in s tru c tio n , 20 m l of in ­
a c tiv a te d  horse serum , 10 m l y e a s t e x tra c t  (H ay flick -ty p e), 1.0 m l 10%  
th a lliu m  a c e ta te  (F IS H E R  S cien tific  C om pany , USA), 1.0 m l 1%  2 ,3 ,5 -tri­
p h e n y l té trazo liu m  chloride (M E R C K , B R D ), 1.2 ml 0 .2%  deoxyribonucle ic  
ac id  from  calf th y m u s  (SIGM A, U SA ), 0.25 m l 200,000 U /m l penicillin .

A ntigens fo r in d ire c t h a e m a g g lu tin a tio n  and  im m u n iza tio n  an d  ag ar 
c u ltu re s  for im m unofluorescence  w ere  p rep a red  in B E  m ed ium  w ith o u t 
se ru m . V arious m od ifica tions w ere u sed  fo r  th e  grow th in h ib itio n , m etabo lic  
in h ib itio n  an d  for th e  d ifferen t b iochem ica l and  resistance te s ts .

E xa m in a tio n  o f  biochemical properties and resistance

T he follow ing p ro p ertie s  w ere e x am in ed : glucose (aerobic  an d  anaerob ic  
cond itions), m annose , galactose, sucrose, cellobiose, m ann ito l, xy lose sp littin g ; 
h y d ro ly s is  of aescu lin  an d  a rb u tin ; té tra z o liu m  chloride, m e th y len e  b lue , 
p o ta ss iu m  te llu rite  red u c tio n , “ film  a n d  spoU ’-form ation , p h o sp h a ta se  p ro ­
d u c tio n , serum  d igestion , cholesterol re q u ire m e n t. The resis tan ce  te s ts  included  
e x a m in a tio n  of se n s itiv ity  to  3%  so d ium  chloride, 0 .02%  m eth y len e  b lue, 
0 .2 %  Tw een 80, 0 .5 %  sodium  ta u ro c h o la te , 0.01%  sod ium  azide, 5%
sod ium  p o ly an e th o l su lp h o n a te , d ig ito n in , e ry th rom ycin , k a n a m y c in , p o ly ­
m y x in  B, p H  5.5 an d  pH  9.5.

Serological tests

T he s tra in s  w ere exam ined  in  g ro w th  inh ib ition , m e tab o lic  in h ib ition  
(T a y l o r - R o b in s o n  e t a l., 1964), im m unofluorescence ( R o s e n d a l  an d  B l a c k , 
1972) an d  in d irec t h aem ag g lu tin a tio n  ( K r o g s g a a r d , 1972), u sing  A . laidlatvii 
A P G  8, A . laid la ivii B F  8 , A . g ra n u la ru m  (F riend), A . axan thum  (ATCC 
25176) and  A . sp . PG  49 (Squire) re fe ren ce  sera ob ta in ed  from  th e  W H O  
C en tre  (A arhus, D enm ark).
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R esu lts

C ultural properties

B oth  D J5 8  an d  D 3/1796 s tra in s  p roduced  w ell-v isib le colonies w ith in  
5 day s on B E  a g a r  p la tes. On th e  sam e m edium  A . la id law ii A an d  A . laid- 
laivii В s tra in s  colonies appeared  w ith in  1— 2 days, A . granularum  (F rien d ) 
an d  A . axan thum  (ATCC 25176) a n d  A . sp. PG  49 (Squire) w ith in  2— 3 d ay s . 
T h e  s tra in s grew  b e t te r  under 0 2 d e fic ien t cond itions in  candle ja r ,  in  th e  
p resence of C 0 2, th a n  in  0 2-rich co n d itio n s . T h ey  p ro d u ced  “ fried-egg”  colonies 
on B E  p la tes w ith  20%  serum . O n th e  p la te s  w ith  P P L O  Serum  F ra c tio n  
o r w ith o u t i t  th e  p e riphera l zones o f  th e  colonies w ere v e ry  narrow , or on ly  
th e  cen tra l p a r t  o f th e  colonies w ere  seen. S im ilar p ro p ertie s  w ere observed  
o n ly  w ith  th e  A .  axanthum  (ATCC 25176) reference  s tra in . M axim al C FU  
reach ed  in B E flu id  m edium  was 1 X 10® in 1.0 m l, a t  th e  sam e tim e co n tro l 
reference  s tra in s  p roduced  1 x 1 0 s a n d  1 X 109 C FU /m l.

To exclude L -fo rm  of b ac te ria  Dj^/58 an d  D 3/1796 s tra in s  w ere c u ltiv a te d  
in  th e  sam e m ed iu m  w ithou t p en ic illin  an d  th a lliu m  a c e ta te  over 10 passages. 
N e ith e r  b ac te riu m -lik e  colonies on  ag a r p la te s , n o r bac te riu m -lik e  fo rm s in  
G ram sta in in g  w ere  observed a t  th e  en d  of th e  passages.

Biochem ical properties

A ccording to  th e ir  biochem ical b eh av io u r th e  s tra in s  s tud ied  rem in d ed  
of A . axanthum  (T ab le  I). T hey  decom posed  glucose u n d e r b o th  aerob ic  
an d  anaerob ic  cond itions, h y d ro ly sed  aesculin . T h ey  w ere m annose-, su ­
crose-, galactose-, m ann ito l-, xy lose-, a rg in in - and  u rea -n eg a tiv e . B o th  s tra in s  
red u ced  té tra z o liu m  chloride u n d er aerob ic  an d  anaerob ic  conditions, b u t  p o ­
ta ss iu m  te llu rite , th e y  reduced m e th y le n e  blue on ly  u n d e r aerobic co n d i­
tio n s. T hey  did  n o t digest serum  a n d  p ro d u ced  n e ith e r  “ film  and  s p o t” , 
n o r p h o sp h a tase . T h e y  grew a t 22 °C a n d  on ag a r p la te s  w ith o u t serum , b u t  
th e  m ax im al C F U /m l on such p la te s  w as b y  1— 2 log low er th a n  in  serum - 
co n ta in in g  m ed ium . T he strains d id  n o t req u ire  cholestero l.

D J5 8  s tra in  d iffered from re fe ren ce  A . axan thum  (ATCC 25176) s tra in  
in  th e  absence o f a rb u tin -h y d ro ly s in g  a b ility . T he D 3/1796 s tra in  hy d ro ly sed  
a rb u tin  b u t it  d id  n o t sp lit cellobiose an d  xylose.

R esults o f  resistance tests

B oth  s tra in s  w ere resistan t to  T w een 80, sodium  azide, d ig iton in  an d  
sodium  p o ly an e th o l su lphonate , b u t  th e y  p ro v ed  to  be sensitive to  sod ium  
chlo ride , sodium  tau ro ch o la te , m e th y len e  b lue an d  p H  9.5. T he s tra in s  w ere

Acta Veterinaria Academiae Sc.ientiarum Hungaricae 23, 1973



3 6 4 ST1PK 0V ITS e t al.

Table I

R esults of b iochem ical assays

T e s ts
D i/58
s tra in

D 3/1796
s tra in

A .  a x a n t h u m  
(ATCC 25176) 

reference s tra in

D ecom position of glucose aerobic + + +
anaerob ic + + +

D ecom position of m annose — — —
D ecom position  of sucrose — — —
D ecom position of galactose + + +
D ecom position of m annito l — — —
D ecom position of cellobiose + — +
D ecom position of xylose — + —
D ecom position  of sorbitol — — —
A esculin + + +
A rb u tin — + +
D ecarboxy lation  of arginine — — —
H ydro lysis of urea — — —
“ F ilm  and spo t” fo rm ation — — —
G row th  a t  22°C + + +
Serum  digestion — — —

P h o sp h atase — — —
R ed u ctio n  of tétrazo lium  aerobic + + +

anaerobic + + +
R ed u ctio n  of m ethylene b lue  aerobic — — —

anaerobic + + +
R ed u ctio n  of potassium  te llu rite  aerobic — — —

anaerobic — — —
C holesterol requ irem ent — — —

Table I I

R esistance tes ts

T ests
Di/58
s tr a in

D 3 /1 7 9 6
s tra in

A .  a x a n t h u m  
(ATCC 25176) 

reference s tra in

NaCl s s s
Sodium  azide R R R

Sodium  tau rocho la te S S S

M ethylene blue s s s
Tween 80 R R R

Sodium  Polyanetho l Su lphonate R R R

D igitonin R R R

E rythrom ycin 22 m m 24 m m 17 mm

K anam ycin 8.0 m m 9.0 m m 7.0 mm

Polym yxin  В — - —

pH : 5.5 s R s
p H : 9.5 s S s

Sym bols used: S, sensitive ; R , re s is tan t

Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



ISOLATION OF ACHOLEPLASM A A X A N T H U M 365

v e ry  sensitive to  e ry th ro m y c in , b u t re s is ta n t to  po ly m y x in  B. T heir sen s itiv ity  
to  k an am y c in  w as w eak . D 3/1796 s tra in  d iffered  from  reference A . axanthum  
(ATCC 25176) s tra in  in  its  resistance to  p H  5.5 (T able I I ) .

Results o f  serological exam ination

B oth  s tra in s  w ere  inh ib ited  on ly  b y  A . axan thum  (ATCC 25176) re fe r­
ence serum  in th e  g ro w th  inh ib ition  te s t  (T able  I I I ) .  T he reac tio n  was w eak 
h u t  it  could be re g a rd e d  as positive because  i t  w as d e tec ted  w ith  all th e  th re e  
d ilu tio n  and  on all th e  four m edia.

Table III

Growth in h ib itio n  te s ts

R eferen ce  sera

S tra ins A .  a x a n t h .
A TCC 25176

A .  l a i d l .  A 
P G  8

A .  l a i d l .  В 
F - 8

A .  g r a n .  
(F riend)

A .  s p .  P G  49 
(Squire)

D ,/58 1.5 m m _ _ _ _
D 3/1796
A . axanthum  (ATCC

1.5 mm —

2 5176) 4.0 m m — — — —
A . laidlawii A PG  8 — 3.0 (p a rt) 2.0 0.5 —
A . laidlaw ii B F  8 — 2.5 (p a rt) 4.5 0.5 —
A . granularum  (F riend) — — — 3.0 —
A . sp. PG  49 (Squire)

“

4.0

T he s tra in s  re a c te d  only w ith  th e  A . axan thum  (ATCC 25176) re ference  
serum  in th e  im m unofluorescence te s t ,  to o  (T able  IV ). In  th is  te s t  th e  reac tio n  
w as also w eaker th a n  w ith  the  hom ologous an tig en . A ntigens p rep ared  from  
th e  s tra in s  w ere a g g lu tin a te d  in th e  in d ire c t h aem ag g lu tin a tio n  te s t  b y  A .  
axanthum  (ATCC 25176) reference se ru m . A t th e  sam e tim e  o th e r Achole-

ТаЫе IV

Im m unofluorescence te s ts

R eferen ce  sera

S tra ins A .  a x a n t h .  
(ATCC 25176)

A .  l a i d l .  A 
P G  8

A .  l a i d l .  В 
F - 8

A .  g r a n .  
(F riend)

A .  sp. P G  49 
(Squire)

0 ^ 5 8 1 : 4 0 +  +  + — — — —

D j / 1 7 9 6 1 : 4 0 + + — — — —
A . axanthum 1  : 8 0 +  +  + — — — —

(ATCC 25176)
A . laidlawii A PG  8 1 : 80 +  +  + 1 : 320 +  +  + _
A . laidlatvii B F  8 — 1  : 80 +  + 1 : 6 4 0 +  +  + — —

A . granularum  (F riend) — — — 1  : 2 0 +  + —
A . sp. PG  49 (Squire) — — — — 1  : 80 +  +  +
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Table V

In d irec t haem ag g lu tin a tio n

R eference sera

A n tig en A .  a x a n t h .  
ATCC 25176

A .  l a i d l .  A 
P G  8

A. l a i d l .  В 
F - 8

A .  g r a n .  
(F riend)

A. sp. P G  49 
(Squire)

D j/58 1 : 40 — — — _
D3/1796 1 : 80 — — — —
A .  axanthum 1 : 1280 — — — —

(ATCC 25176)
A . laidlaw ii A PG  8 1 : 4096 1 : 4096 1 : 20
A . laidlaw ii B F  8 — 1 : 4096 1 : 8192 1 : 20 —

A . granularum  (Friend) — 1 : 256 1 : 256 1 : 4096 —
A .  sp  PG  49 (Squira) — — — — 1 : 1280

p lasm a  reference sera d id  n o t re a c t w ith  th em  (Tahié У). A gain, th e  t i t re s  w ere 
w eak er th a n  th e  t i tre s  w ith  th e  hom ologous an tigen .

In  th e  m etabo lic  in h ib ition  te s t  th e  s tra in s  s tu d ied  w ere in h ib ite d  only  
b y  th e  A . axanthum  (ATCC 25176) reference  serum  (T able V I).

Table VI

M etabolic in h ib ition  tests

Reference sera

A ntig en A .  a x a n t h u m
(ATCC 25176)

A .  l a i d l .  A 
P G  8

A .  l a i d l .  В 
F-8

A .  g r a n .  
(F rien d )

A .  s p .  P G  49 
(Squire)

D j/5 8 1 : 320 _ _ _ _
D3/1796 1 : 640 — — — —

A . axanthum 1 : 1280 — — 1 : 10 _
(ATCC 25176)

A . laidlaw ii A PG  8 — 1 : 1280 1 : 1280 — —
A . laidlaw ii B F  8 — 1 : 1280 1 : 1280 — —

A . granularum  (Friend) — — — 1 : 5120 —
A . sp. PG  49 (Squire) 1 : 10 1 : 10 1 : 20 1 : 10 1 : 640

To prove th e  re su lts  of ty p in g , h y p erim m u n e  serum  was p re p a re d  to  
th e  D.j/1796 s tra in  and  te s ted  ag a in s t th e  A . axanthum  (ATCC 25176) reference  
s tra in  an d  th e  D J5 8  s tra in . T he in h ib itio n  zone produced  by  th e  D 3/1796 
an tise ru m  w as 6.0 m m  w ith  th e  hom ologous stra in , while 2.0 m m  w ith  D J5 8  
s tra in  an d  3.0 m m  w ith  A . axan thum  (ATCC 25176) reference s tra in . P o sitiv e  
re a c tio n  w as o b ta ined  in o ther te s ts , too .

C onclusions

In v e s tig a tio n  of cholesterol re q u ire m e n t of th e  te s te d  s tra in s  an d  th e ir  
re s is tan ce  to  sodium  po ly an e th o l su lp h o n a te  and  d ig iton in  an d  th e ir  a b ility  
to  grow  a t  22 °C p roved  th a t  th e y  w ere A choleplasm as. T heir c u ltu ra l an d
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m orphological p ro p e rtie s  w ere s im ila r to  th a t  of th e  A . axanthum  (ATCC 
25176) reference s tra in . In  th e  serological te s ts  th e  D ,/58  and D 3/1796 s tra in s  
reac ted  only w ith  th e  A . axanthum  (ATCC 25176) reference  serum  an d  n o t 
a t  all w ith  o th e r  Acholeplasm a  sera . T he reac tio n s  w ere con sis ten t th o u g h , 
w eaker th a n  w ith  th e  hom ologous an tig e n . So o u r s tra in s  should  be reg a rd ed  
as A . axan thum . T his conclusion is su p p o rted  b y  b iochem ical s im ila rity  
be tw een  o u r s tra in s  an d  th e  reference  s tra in s . D ivergences in  some te s ts  in  
com parison  w ith  th e  reference s tra in : as absence of a rb u tin -h y d ro ly s in g  a b ility  
of D 1/58 s tra in  or presence of x y lo se -sp littin g  a b ility , b y  absence of cellobiose 
decom posing effect an d  sen s itiv ity  to  p H  5.5 of D 3/1796 s tra in  can exp la in  
th e  w eaker serological reac tions. T h e  fa c t th a t  our s tra in s  sligh tly  d iffered  
from  each o th e r in  th e  b iochem ical an d  resis tan ce  te s ts  allow to  suppose an 
ex istence o f sev era l v a r ia n ts  in  th is  species as i t  is know n in A . la id law ii 
species.

O ur re su lts  h av e  confirm ed W illiam s  an d  W it t l e r ’s (1971) d a ta  con­
cern ing  th e  aescu lin  te s t as a c h a ra c te ris tic  p ro p e r ty  of A . axanthum . B o th  
o u r s tra in s  h y d ro ly sed  aesculin . N ew  resu lts  w ere o b ta in ed  w ith  th e  a rb u tin  
te s t . This te s t  w as neg a tiv e  w ith  m o st o f th e  s tra in s  of bovine origin, b u t  it  
w as positive  w ith  th e  A . axanthum  (ATCC 25176) re ference  s tra in  an d  s tra in  
D 3/1796.

U n til re c e n tly  th e re  was no in fo rm atio n  a b o u t th e  occurrence o f A . 
axanthum  in  an im als  (T u l l y  an d  R a z in , 1969). T h is s tu d y  served  th e  f irs t 
evidence of A . axanthum  species in  sw ine. Since a t te m p ts  to  in fect swine w ith  
th e  D J5 8  s tra in  in tra n a sa lly  h av e  failed  (Ma r t in  e t ah , 1968), th e  p a th o g en ic  
role of th is  species has rem ain ed  u n ce rta in .

*

Acknow ledgem ent. The a u th o rs  are in d eb ted  to  D. R . H . L each  (cen tra l P ub lic  H e a lth  
L ab o ra to ry , M ycoplasm a R eference L a b o ra to ry , Colindale A venue, L ondon, N. W. 9. E n g lan d ) 
for his help in  id en tif ic a tio n  of th e  s tra in s  an d  to  D r. H . E rno  ( In s t i tu te  of M edical M icro­
biology, U n iv e rs ity  o f A arhus, A arhus, D en m ark ) for v a lu ab le  advices, an d  to  P rof. E . A. 
F r e u n d t  for m a te ria ls  and  reference sera used  in  p a r t  o f th is  w ork  perform ed in th e  F  АО/ 
W H O  R eference C entre  for A nim al M ycoplasm as (A arhus, D enm ark).

SU M M A RY

On th e  basis  o f cu ltu ra l, m orpholog ical, b iochem ical (glucose-, m annose-, m an n ito l-, 
cellobiose-, sucrose-, xylose-, aesculin-, a rb u tin - , arg in ine-, an d  u rea-sp littin g , re d u c tio n  of 
té trazo liu m , m eth y len e  blue an d  p o tass iu m  te llu rite , p h o sp h a ta se  p roduction , “ film  an d  
sp o t”  fo rm atio n , cholestero l req u ire m e n t, re sis tan ce  to  sod ium  chloride, m eth y len e  blue, 
Tw een 80, sod ium  azid , sodium  tau ro c h o la te , sod ium  p o ly an e th o l su lphonate , p H  5.5 and  
9.5 an d  d ig ito n in ) an d  serological (g ro w th  in h ib itio n , m etab o lic  in h ib ition , in d irec t haem ag- 
g lu tin a tio n , im m unofluorescence) p ro p e rtie s  tw o Acholeplasm a  s tra in s  iso lated  earlie r from  
swine were in d en tif ie d  as A . axanthum .
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HISTOGENESIS OF THE ACUTE (FORM OF) 
MAREK’S DISEASE

B y

A .  SzÉKY and A .  VÁNYI

C entra l V eterin ary  I n s t i tu te  (D irec to r; A. Vá n y i), B u d a p es t 

(R ece iv ed  A pril 2, 1973)

T here  are only few  papers am ong th e  num erous English , G erm an  an d  Ja p a n ese  p u b li­
cations (B a y e r  an d  U r b a n e c k , 1972; B ig g s  and  P a y n e , 1967; F l e t c h e r  e t  ah , 1971; 
F u jim o to  e t ah, 1971; Gratzl and  K ö h l e r , 1968; Maas e t  ah , 1968; Ma l ik , 1969; P a y n e  
an d  B ig g s , 1967; So lisc h , 1972; W it t e r  e t  ah , 1970) dealing w ith  th e  h isto log ical lesions 
o f th e  acu te  M arek’s disease (MD) w hich  give accoun t of th e  h is to lo g ica l lesions in  certa in  
o rgans of chicks a rtific ia lly  infected  w ith  M D virus.

In  1970 and  1971 we stud ied  th e  h is to lo g ica l lesions and th e  tim e  of th e ir  ap p earance  
in  largescale p o u ltry  fa rm s where th e  d isease  w as con stan tly  p re v a le n t fo r years. A n accoun t 
w as given of th e  re su lts  la s t  year (R átz e t  ah , 1972).

Since in  our earlier ex a m in a tio n s  histological lesions suggesting  MD 
have been found in  certa in  organs a t  a surprising ly  y o u n g  age (2- to  3-day- 
old an im als). T his p ro m p ted  us to  s tu d y  th e ir origin an d  specific ch a ra c te r  
experim en ta lly .

M aterials and Methods

Eggs an d  day-o ld-ch icks fro m  acu te  MD-free s to ck s w ere used . A fter 
d isinfection  th e  eggs w ere h a tc h e d  a n d  k e p t in an  iso la to r te n t .  T he day-o ld- 
chicks w ere d iv ided  in to  3 groups.

I. E ig h t chicks were in o c u la te d  in trap e rito n ea lly  w ith  0.2 ml of MD 
v irus m arked  7/11, 55,300 P F U  a n d  one anim al w as k illed  on each of days 
1, 2, 3, 4, 6, 8, 11 an d  13 p ost in fec tio n .

I I .  E ig h t chicks were ex p o sed  to  n a tu ra l in fec tion  an d  w ere k illed  on 
th e  sam e days as tho se  in group  I .

I I I .  As n eg a tiv e  control 26 d ay -o ld  chicks from  a sim ila rly  M D-free 
livestock  w ere used  whose e x tra n e u ra l organs an d  c e n tra l nervous system  
(CNS) were p rep a red  in  th e  sam e w a y . Control chicks w ere k illed  on th e  sam e 
days as th e  in fec ted  ones and , b e s id es , on days 12, 14, 16, 18 an d  20.

M ateria l w as ta k e n  in each case  from  th e  h e a rt, b o th  lobules of th e  liver, 
b o th  k idneys, th e  g lan d u la r s to m a c h , th e  spleen, th e  re d  m arro w  of a th igh  
bone an d  from  th e  skin  alw ays fro m  th e  sam e area . B esides, sa g itta l sections 
from  th e  to ta l  b ra in  an d  fro n ta l sec tio n s from  th e  cerv ica l an d  lu m bosacra l 
in tum escences in  th e  spinal cord  w ere  exam ined from  each  an im al.
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The organ specim ens w ere im m ed ia te ly  fixed  in  10%  fo rm alin  solu tion  
an d  em bedded in  p a ra f f in . Sections from  all o rgans w ere s ta ined  w ith  
haem alaun-eosin . In  a d d itio n , som e sections w ere s ta in ed  w ith  m ethylgreen- 
py ron ine  to  d e tec t R N A .

Results

I . In itia l lesions in  th e  liv er an d  h e a r t  of chickens a rtific ia lly  infected  
w ith  MD virus occurred  as ea rly  as on th e  1st, m ore p ro n o u n ced ly  on the  2nd 
d ay  a fte r inocu la tion . T h e y  ap p ea red  in th e  Avail of c e r ta in  b lood vessels as 
in itia l focal p ro life ra tio n  o f ro u n d , in d is tin c t cells ( re tic u la r  cells) hav ing  
vesicu lar nuclei. B esides r e tic u la r  cell p ro life ra tio n , la rg e  ly m p h o b lasts  w ith  
d a rk  nuclei rich  in  c h ro m a tin  w ere no ticed  in  th e  liv e r  (F igs 1 and  2) and  
especially, in  th e  m y o ca rd iu m  of th e  ch icken killed  2 day s a f te r  inoculation  
(Figs 3 and  4). F rom  th e  3 rd  d ay  on th e  la t te r  lesions a p p e a re d  v e ry  m arked ,

F ig. 1. Focal re ticu la r  p ro life ra tio n s  a round  
blood vessels in th e  liv e r on  th e  second  day  
a f te r  inoculation . H aem alau n -eo sin . X 240

Fig. 2. D e ta il o f F ig . 1. X 1400
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Fig. 3. Focal re ticu la r  cell an d  ly m p h o b la s t Fig. 4. D etail o f F ig . 3. X 1400. M itosis in  
p ro life ra tions in  th e  m y o card iu m  2 days a f te r  several cell nuclei

inocu lation . H aem alaun-eosin . X 240

especially  in th e  liv er (Figs 5 an d  6) an d  in th e  h e a r t (F igs 7 an d  8). M itosis 
w as often observed  in p ro life ra tin g  re tic u la r  cells an d  ly m p h o b lasts . T he 
cy top lasm  show ed p ronounced  py ro n in o p h ilia  suggesting  a h igh  R N A  co n ten t. 
Besides ly m p h o b lasts , foci consisting  of sm all, m a tu re  ly m p h o cy tes  ap p eared  
in  th e  m en tio n ed  organs along th e  w all of ce rta in  b lood vessels o f th e  ch icken 
killed  a fte r  4 day s (Figs 9 an d  10). In  th e  g landu lar s tom ach  am ong th e  d u c ts  
of th e  deep p ro p ria  g land  of th is  an im al in itia l, focal lym phoid-cell in f iltra ­
tions were observed . T he g lan d u la r cells n ea rb y  show ed lesions of d iffe ren t 
phase  (Figs 11 an d  12).

Six days a f te r  inocu la tion  num ero u s focal, som etim es neop lastic , tissue 
p ro lifera tions m a in ly  consisting  of lym p h o id  cells w ere found  in th e  liver 
(F ig . 13) an d  in  th e  ren a l p a ren ch y m a  along  several b lood  vessels (F ig. 14). 
S im ilar lesions w ere observed  — to  a lesser e x te n t —  in th e  m yocard ium  
an d  a round  ce rta in  b lood  vessels of th e  corium  (Fig. 15). T h e  described lesions 
seem ed to  be even m ore p ronounced  in th e  e x tran eu ra l organs of th e  chickens
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F ig . 5. S tronger focal p ro life ra tio n s m ain ly  
co n sis tin g  of ly m p h o b la s ts  in  th e  liver 3 days 

a f te r  inoculation . H aem alau n -eo sin . X240

Fig. 6. D e ta il o f Fig. 5. X  1400

k illed  on days 8, 11 a n d  13 an d  sim ilar lesion w ere found  in  th e  k idney , bone 
m arrow  as well as in  th e  deep p ro p ria  g lands of th e  g lan d u la r  stom ach.

Slight lesions —  becom ing  m ore and  m ore p ro n o u n ced  — were firs t 
fo u n d  in th e  b ra in  an d  in  th e  in tum escences of th e  sp inal cord i.e., in th e  
CNS. These w ere eq u a lly  found  in th e  cerebellum , in th e  lobus op ticus, in  th e  
cereb rum  and  in  th e  choro id  p lexus. T he lesions consisted  of lym pho id  cell 
in filtra tio n s  a ro u n d  b lood  vessels w hich  firs t m an ifested  them selves in  th e  
fo rm  of foci, la te r  in  th e  fo rm atio n  of one- or tw o-line cuffings. In  th e  w all 
o f th e  affected  sm all b lood  vessels th e  nuclei o f en d o th e lia l cells becam e 
som etim es en larged , sw ollen, in  o th e r  cases th e y  w ere sh ru n k en . M ost fre ­
q u e n tly  th ey  occurred  in  th e  m ed u lla ry  nucleus (Figs 16 an d  17) and  a ro u n d  
b lood  vessels in  th e  g ra n u la r  (P u rk y n je )  an d  m olecu lar lay e r of th e  g ray  
su b stan ce , som etim es in  th e  corpus m edu lläre  of th e  cerebellum . Lesions 
occurred  in  th e  b lood  vessels of choro id  p lexus in  th e  in te rs ti t ia l  substance  
as cuffings and  as foci consisting  o f sm aller or la rger lym p h o id  cells. Cell
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Fig. 7. Several foci o f re tic u la r  an d  ly m p h o ­
b la s t cell p ro life ra tio n  in th e  m y o card iu m  3 

d ay s a fte r in o cu la tio n . H aem alaun-eosin . 
X 240

F ig. 8. D e ta il o f F ig . 7. X 1400

in filtra tio n  or sm alle r foci consisting  of lym p h o id  cells w ere observed a ro u n d  
blood vessels in  all layers of th e  op tic  lobe, in  th e  op tic  zone, in th e  m ed ian  
zone and  in  th e  deep  m ed u lla ry  zone (F ig. 18). In f il tra tio n s  were also found  
in  th e  s tr ia tu m  o f th e  cereb ra l hem isphere  a n d  a ro u n d  b lood  vessels in  th e  
m eninges covering  th e  cereb ral hem ispheres.

The lesions in  th e  in tum enscences of th e  sp inal co rd  of th e  ch icken  
killed  8 days a f te r  inocu la tio n  appeared  m ain ly  in  th e  w h ite  substance or in 
th e  wall of b lood  vessels in th e  areas of th e  grey  su b stan ce  ad jacen t to  th e  
w hite  substance  (F ig . 19) as well as am ong th e  m y e lin a te d  neurofibrils o f 
a ffe ren t and  e ffe ren t nerves. Id en tica l lesions w ere fo u n d  a ro u n d  some b lood  
vessels in  th e  lu m b o sac ra l o rgan  of th e  lu m b o sacra l in tum escences. B esides 
th e  described lesions, ly m p h o id  cell in filtra tio n s  occu rred  am ong th e  ganglion  
cells of th e  sp ina l ganglions in  th e  in tum escences of th e  sp inal cord of th e  
ch icken  killed 11 day s a fte r  inocu la tion . B y  th a t  tim e  th e  w all of some blood 
vessels of th e  sp ina l lep to m en in x  also show ed sim ilar lesions.

8 Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



374 SZÉK Y  and VÁNYI

F ig. 9. Focus m ainly  consisting  of p e r iv a sc u ­
la r  ly m p h o cy tes  in th e  liver 4 days a f te r  in ­

ocu lation . H aem alaun-eosin . X 240

Fig. 10. D etail o f F ig . 9. X 1400. T he in fil­
tra tio n  m ain ly  consists o f m a tu re  

ly m p h o cy tes

I I .  In  th e  sam e e x tra n e u ra l o rgans of n a tu ra lly  in fec ted  chickens lym pho- 
re tic u la r  cell p ro life ra tio n  occurred  sim ilarly , b u t 3—4 day s la te r  th a n  in th e  
ch ickens inocu la ted . H ow ever, no lesion h ad  been found in  th e  cereb rum  and  
in  th e  spinal cord of th ese  chickens u p  to  th e  13th day .

I I I .  No lesions w ere found  in  th e  liv e r (Figs 20 an d  21), h e a r t  an d  CNS 
o f th e  contro l chickens.

D iscussion

In  th e  wall of th e  blood vessels of th e  liver and  th e  h e a r t  in chickens 
in fec ted  strong  p ro life ra tio n  o f th e  ac tiv e  m esenchym a cells (re ticu la r cells) 
w as no ticed  as early  as on th e  f irs t, a n d  even m ore p ro n o u n ced ly  on th e  2nd, 
d a y  a fte r  in tra p e rito n e a l in o cu la tio n . O n th e  3rd d ay  n u m ero u s ly m p h o ­
b la s ts , on the  4 th  d ay  foci consisting  o f m a tu re  lym phoid  cells ap p ea red  am ong 
th e  cells. The cy to p lasm  of th e  la t te r  cells was poor, w hereas in  th a t  of th e
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Fig. 12. D eta il o f F ig . 11. X  1400. D issoci­
a ted , d eg en era ted  g lan d u la r ep ithe lia l cells 

beside p ro life ra tin g  cells

Fig. 11. L y m p h o re ticu la r cell p ro life ra tio n s 
am ong th e  d u c ts  of th e  deep p ro p ria -g lan d  
of th e  g lan d u la r stom ach  4 d ay s a fte r  in ­

ocu lation . H aem alaun-eosin . X  240

fo rm er i t  w as v e ry  rich , in  R N A . T h is phenom enon  a n d  th e  num erous m itoses 
suggest a h igh  degree of v ita l i ty . T he ly m p h o re tic u la r  tissu e  s ta r ts  an  ever 
increasing, n eop lastic  p ro life ra tio n  from  th e  6 th  d a y  on  especially  in  th e  
liver, la te r  in  o th e r e x tra n e u ra l o rgans, too  (e.g., in  th e  h e a r t, g lan d u la r 
stom ach , sk in , k idney , e tc .). T his tim e th e  n eo p lastic  form s of an  ever in ­
creasing n u m b er of ly m p h o id  cells or re ticu lo h is tio cy tes  are  to  be found  in  
th e  foci.

In  th e  sam e organs of th e  an im als exposed to  n a tu ra l  infection  sim ilar 
tissue lesions w ere found  3—4 days la te r  th a n  in  th o se  of th e  in ocu la ted  
ones. Since these  w ere n o t fo u n d  in  th e  organs of th e  co n tro ls  of th e  sam e age, 
it  was concluded  th a t  th e  lesions occurring  in  th e  e x tra n e u ra l organs of b o th  
inocu la ted  an d  n a tu ra lly  in fec ted  an im als were caused  b y  th e  MD v irus. T he 
lesions found  in  th e  e x tra n e u ra l o rgans of a rtific ia lly  a n d  n a tu ra lly  in fected  
chickens are  reg ard ed  as a pa tho log ica l process w hich  is th e  p a r tly  hyper-
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F ig . 13. Focal, ly m p h o re tic u la r  tissu e  p ro ­
life ra tio n s  in  th e  liv e r p a ren c h y m a  8 days 

a f te r  inoculation. H aem alau n -eo sin . X  95

F ig . 14. D etail of F ig . 13. X 1400. P a r tly  
n eop lastic  p ro life ra tio n  of th e  ly m p h o re tic ­

u lar tis su e  cells

F ig . 15. Focal cell p ro life ra tio n s  in th e  corium  an d  subcu tis of skin 8 d ay s  a f te r  inoculation .
H aem alaun-eosin . X 95
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Fig. 16. L ym phoid  cell vessel w all in f il tra ­
tio n s  in th e  w hite su b s ta n c e  of th e  cerebel­
lu m  in  th e  g ran u la r a n d  m olecu lar layer 8 
d a y s  a f te r  inoculation . H aem alaun-eosin . x 9 5

F ig . 17. D e ta il o f  F ig . 16. X 1400

p la s tic , p a rtly  n eo p lastic  v irus-induced  p ro life ra tio n  of th e  ly m p h o re ticu la r 
tissu e  cells early  d ev e lo p m en t of th e  lesions in  th e  liver an d  h ea rt o f th e  in ­
o cu la ted  chickens can  be exp lained  b y  th e  la rg e  n u m b e r of th e  v iru s in jec ted  
in to  th e  abdom inal c a v ity . F rom  th e re  th e  p a th o g en ic  ag en t was qu ick ly  
d issem ina ted . Since th e  ora lly  tak en  v iru s  in  n a tu ra lly  in fec ted  anim als sp read s 
slow ly in the  o rgan ism , th e  lesions a p p e a r  3— 4 days la te r .

T he norm al ly m p h o id  tissue of th e  b ird s  is to  be found  in  th e  sp leen , 
th y m u s , bursa of F ab ric iu s , in  th e  m ucous m em b ran e  of various e x tra n e u ra l 
o rgans as well as in  c e r ta in  p a rts  of th e  b o d y  in  th e  ce llu lar fib rous tissue  in  
fo rm  of dispersed ly m p h  follicles. These co n sis t of th re e  cell ty p es of th e  n o rm a l 
p o u ltry  lym phocy tes (sm all, m edium  a n d  large  ly m p h o cy tes) w hich can  be  
recognized  in th e  form  of regu lar follicles or diffuse lym p h o id  in filtra tio n s .

L ym phoid  cell in filtra tio n s  or cuffings w hich  a lm o st ch a rac te ris tica lly  
a p p e a r  in  certa in  areas of th e  cerebrum  an d  sp inal cord  occurred  a ro u n d
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F ig . 18. L ym pho id  cell in filtra tio n s  in all 
lay e rs  of th e  op tic  lobe a ro u n d  ce rta in  vessel 
w a lls 8 days a fte r inocu la tion . H aem a lau n - 

eosin. X95

Fig. 19. L ym phoid  cell vessel w all in f il t r a ­
tio n  in  b o th  su bstances of th e  cerv ica l in tu ­
m escences of the  sp ina l cord 8 d ay s a f te r  

inocu la tion . H aem alau n -eo sin . X  95

th e  w all of blood vessels from  th e  8 th  d ay  a fte r  inocu la tion  in  b o th  s u b ­
s ta n c e s  of th e  CNS, th e  in o cu la ted  ch ickens. S im ilar lesions do n o t even  occu r 
b y  th e  13th d ay  in n a tu ra lly  in fec ted  chickens.

T he lesions caused  by  MD can  he easily  d iffe ren tia ted  from  th o se  due  
to  v ira l in fectious en cepha lom yelitis  fo r in th e  la t te r  case th e y  alw ays occur 
in th e  p red ilec tional sites in th e  w h ite  su b stan ce  of th e  CNS. In  th is  case 
th e  sm all n u m b er of lym p h o id  cuffings is a lw ays accom pan ied  b y  s tro n g  glia- 
p ro life ra tio n  an d  severe nerv e  cell dam age . No cell in filtra tio n s  a re  o bserved  
in  case of th is  disease in  th e  le p to m e n in x  covering th e  cerebrum .

In  case of N ew castle  disease th e  ly m p h o id  cell vessel wall in f iltra tio n s  
to  be  found  in b o th  su b stan ces of th e  cerebrum  and sp inal cord  are  acco m ­
p a n ie d  b y  g liap ro liferations of d iffe ren t degree as well as by  u su a lly  severe , 
a lte rn a tiv e  lesions of th e  nerv e  cells.
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Fig. 20. B lood vessels w ithou t in f iltra tio n  
in  th e  liver o f a 3 -day-old  contro l chicken. 
T h e  liver p a re n c h y m a  is of dense s tru c tu re , 
th e  lobules an d  th e  liv e r trabecu lae  do n o t 
d iffe ren tia te , since th e  sinusoids a re  con­

tra c te d . H aem alaun-eosin . X 95

F ig . 21. D eta il o f Fig. 20. X 600. T h e  c y to ­
p lasm  of densely a rran g in g  liver cells is v ac- 
uo lized  because of th e  dissolved lip id s, th e  

blood vessels are free

SU M M A RY

The d ev e lo p m en t of h istological lesions a n d  th e  tim e of th e ir  ap p earance  were s tu d ied  
in  acu te  M arek’s disease.

E x am in a tio n s  were carried o u t on  d iffe ren t organs and on th e  CNS of 42 day -o ld  
chicks. T he an im a ls  were divided in to  3 g roups. 8 chicks were in ocu la ted  in tra p e rito n ea lly  
w ith  0.2 ml of M D v iru s m arked MD 7/11, 55,300 P F U . A n o th er 8 were exposed to  n a tu ra l  
in fection . One an im a ls  of each group w as k illed  1, 2, 3, 4, 6, 8, 11 and  13 days a fte r  in o cu la ­
tio n . T w en ty -six  ch icks — from  in fection-free  fa rm s —  were used as contro ls. Control an im als 
were killed — tw o  a t a tim e — on th e  sam e d ay s as in fec ted  ones and  besides on d a y s  12, 
14, 16, 18 and  20. T he h ea rt, th e  two lobules o f th e  liver an d  k idney , th e  g landu lar s to m ach , 
th e  spleen, th e  re d  bone m arrow , th e  sk in , th e  b ra in  and  th e  in tum escences of th e  sp in a l 
co rd  of all ch ickens were h istologically  ex am ined .

The lesions m an ifested  them selves in  th e  liver and  h e a r t of in tra p e rito n a lly  in o cu la ted  
an im als on th e  f i r s t  day , m ore p ron o u n ced ly  on th e  2nd day in  th e  w all of c e rta in  b lood  
vessels by th e  p ro life ra tio n  of the  ac tive  m esenchym al cells (re ticu la r cells), on th e  3 rd  d ay  
by  th e  ap p ea ran ce  o f lym phob lasts and  on th e  4 th  day  by th e  fo rm atio n  of foci consisting  
o f  m a tu re  ly m p h o cy tes . F rom  th e  6 th  d a y  on a n  ever increasing  neoplastic  p ro life ra tio n
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o f th e  ly m p h o re ticu la r tis su e  was observed , especially  in  th e  liver and , la te r , in o th e r e x tra -  
n e u ra l  organs. L y m p h o id  cells or th e  n eo p lastic  fo rm s of th e  re ticu lo h isto icy tes  w ere c h a ra c te r­
is tic . F ro m  th e  8 th  d ay  on  ly m p h o id  cell vessel w all in filtra tio n s  an d  cuffings appeared  a ro u n d  
c e r ta in  blood vessels in  b o th  su bstances of th e  CNS in  these  anim als. Sim ilar lesions w ere 
o b se rv ed  in  th e  sam e e x tra n e u ra l organs o f n a tu ra lly  in fec ted  chickens, b u t  3— 4 days la te r . 
N o lesions had  a p p ea red  in  th e  CNS by  th e  1 3 th  d ay .
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M ucoid e n te ritis  is th e  m ost co m m o n  disease in  y oung  ra b b its . T h e  
econom ic loss to  th e  la rg e  rab b it-fa rm s cau sed  b y  th is  single disease is v e ry  
g re a t. In  H u n g ary  m ore  ra b b its  are lo s t a n n u a lly  from  m ucoid  en te ritis  th a n  
from  all o ther r a b b it  diseases com bined. M ucoid en te ritis  seem s to  be la rg e ly  
assoc ia ted  w ith  c e r ta in  serotypes of n o n -h aem o ly tic  E . coli s tra in s w hich 
m u ltip lica te  chiefly  in  th e  large in te s tin e . T h e  disease is characterized  by  its  
re la tiv e ly  sho rt course a n d  th e  excre tion  o f la rge  a m o u n t o f jelly-like faeces. 
T he com m onest fo rm  o f m ucoid e n te ritis  a ffec ts  ra b b its  soon a fte r  w ean ing  
(one w eek or so) w hen  th e y  are 4— 11 w eeks o ld. R ecen tly  th e  disease caused  
serious loss in ra b b its  a t  th e  age of 2— 8 d ay s too .

In  a p revious co m m u n ica tio n  (Ve t é s i, 1970) i t  w as assum ed th a t  severe m e tab o lic  
ab n o rm alitie s  (e.g. d is tu rb a n c e  of electro ly te  eq u ilib riu m ) occurred  in  th e  affected  an im a ls  
due to  th e  profuse d ia rrh o e a . U n fo rtu n ate ly  in  th e  l ite ra tu re  lit t le  in fo rm atio n  is av a ilab le  
on th is  field. The earlie r re p o rts  described m o stly  th e  clinical signs and  post-m ortem  fin d in g s  
o f th e  disease (G o rd o n , 1943; Mu ir , 1943; M a rcato  a n d  Sjá b a n , 1967; Роит, 1971) or 
bacterio log ical ex am in a tio n  o f th e  in testin al f lo ra  (G r e e n h a m , 1962: L ö lig er  e t  al., 1969). 
O nly in  th e  las t y e a r  w ere published  some d a ta  b a se d  on  physio logical and  biochem ical in ­
vestig a tio n s . P rohászka  (1972) studied  th e  su sce p tib ility  of ra b b its  to  m ucoid e n te ritis . 
F ro m  th e  resu lts of la b o ra to ry  investigations h e  concluded  th a t  th e  decreased secre tion  o f 
g astric  acid  p rom oted  th e  in v as io n  of E. coli b a c te r ia  b y  o ra l ro u te . Since th e  clinically h e a lth y  
ra b b its  o f infected  h e rd s  h a d  h igher serum  b ic a rb o n a te  levels th a n  those  from  h e a lth y  h e rd s , 
i t  w as assum ed th a t  a lka losis was responsib le  fo r th e  hypoch lo rh y d ria . M ost re ce n tly , 
K r u in in g e n  and  W ill ia m s  (1972) exam ined r a b b its  w ith  m ucoid e n te ritis , b o th  sp o n ta n eo u s  
cases an d  cases developed  a f te r  transm ission  o f  m u co id  e n te ritis  inocu lum . The la b o ra to ry  
analysis of th e  bo d y  flu id s  show ed d e h y d ra tio n , m o d e ra te  leukocytosis, azo taem ia, se ru m  
g lobulin  a lte ra tio n s a n d  e lec tro ly te  im balance. F ro m  th e  re su lts  o f these  studies i t  w as con­
cluded  th a t  th e  e n te ro to x in  induced  h y p e rsec re tio n  o f in te s tin a l ep ith e liu m  p lays th e  m o s t 
im p o r ta n t  role in  th e  p a th o g en esis  of disease.

T he p a th o p h y sio lo g y  of m ucoid e n te r itis  is incom plete ly  u n d e rs to o d . 
T h is is p robab ly  a re su lt o f the  lack  o f  pa th o p h y sio lo g ic  research  in to  th e  
p rob lem . The p re se n t w ork  is u n d e rta k e n  to  s tu d y  th e  w a te r, e lectro ly te  an d  
ac id -base  balance in  th e  affected  an im als, since these  m echanism s are  of v i ta l  
im p o rtan ce  in th e  m a in ten an ce  of hom eo stasis . I t  is excep ted  th a t  th e  k n o w l­
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edge of biochem ical ev en ts  w hich occur during  the  course of disease w ill 
b r in g  a b o u t a b e tte r  u n d e rs ta n d in g  of th e  pathogenesis o f m ucoid  e n te r itis . 
A t th e  sam e tim e , th e  follow ing s tu d ies  a re  in ten d ed  to  answ er th e  q u e s tio n  
o f w h e th e r th e  severe d is tu rb an ces  of flu id  an d  e lec tro ly te  ba lance  describ ed  
in  en te ric  colibacillosis o f o th e r  d om estic  anim als can  also be o b served  in  
ra b b its  w ith  m ucoid  en te ritis .

Materials and Methods

A n im a ls

A to ta l  of 35, w eaned  cross-b red  (“ F ehérgyöngy” ) ra b b its  o f b o th  
sexes w ere used in  th is  s tu d y . T he 4 — 11 weeks old an im als o rig ina ted  fro m  
a closed h e rd  of large rea rin g  farm  w hich  w as rep o rted  to  h av e  a h igh  inc idence  
o f  m uco id  en te ritis . A m ong th e  ra b b its  s tu d ied , 20 an im als w ere a ffec ted  
w ith  n a tu ra lly  occurring  m ucoid  e n te ritis . A t th e  tim e of ex am in a tio n  th e y  
show ed  pro fuse d ia rrh o ea  for 12— 24 h o u rs . 15 h ea lth y  ra b b its  served  as co n ­
tro ls . T h e  an im als w ere w eaned  a t  4 w eeks of age an d  fed on a com m ercia l 
g ra n u la te d  fa tte n in g  d ie t.

Collection o f  samples

T he ra b b its  w ith  m ucoid  e n te ritis  a n d  contro ls w ere tra n sp o r te d  to  th e  
la b o ra to ry  an d  blood  sam ples w ere d raw n  anaerob ically  from  th e  ju g u la r  
v e in  fo r th e  d e te rm in a tio n  of h a e m a to c rit value an d  p a ram e te rs  of acid- 
base  b alance . A fte r th is , th e  ra b b its  w ere sacrificed  by  severance of th e  c a ro tid  
a r te ry . T he heparin ized  blood sam ples co llected  in  th is  w ay  w ere cen tr ifu g ed  
a n d  th e  p lasm a w as u sed  for d e te rm in a tio n  of o ther co n stitu en ts .

T h e  urine  sam ple necessary  fo r th e  d e te rm in a tio n  of p H  w as o b ta in e d  
im m ed ia te ly  a fte r  e x te rm in a tio n  from  th e  b ladder.

Laboratory analysis

M ost of th e  m e th o d s used for d e te rm in a tio n  of blood co n s titu e n ts  h a v e  
been  described  elsew here ( K u t a s  an d  S z a b ó , 1971). P lasm a was an a ly sed  
for sodium  by  co n v en tiona l flam e p h o to m e try  (Zeiss ty p e ). U rine p H  w as 
m easu red  on a R ad io m e te r  p H  m e te r  ( ty p e  PHM 27) an d  Micro E le c tro d e  
U n it (E  5021a), im m ed ia te ly  a f te r  ta k in g  of sam ples. T he p H  of caecal co n ­
te n t  w as de term ined  b y  th e  sam e m e th o d . In  some cases, “ S tu p h a n ”  (F e in ­
chem ie К - H  K albes K G ) papers w ere u sed  in  m easu ring  th e  a p p ro x im a te  
p H  o f th e  p a s ty  c o n ten ts  of caecum  of no rm al rab b its .
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Necropsy procedures

All th e  ra b b its  were necropsied  as soon as possible a fte r  dea th . V arious 
organs of 6 co n tro l and  18 a ffec ted  an im als  w ere exam ined  h isto log ica lly . 
T issues fo r h isto log ical ex am in a tio n  w ere fixed  in  8 %  buffered  fo rm alin . 
In  som e cases, abso lu te  e th an o l an d  S an o m iy a’s sulfosalycilic acid m ix tu re  
were also used  for fixa tion . T he tissues w ere em bedded  in paraffin , sec tioned  
an d  s ta in ed  by  h aem ato x y lin  an d  eosin. F rom  som e organs frozen sec tions 
w ere also p re p a re d  and  s ta in ed  w ith  S u d an  I I I .

Bacteriological procedures

In  th e  case of each ra b b it  bacterio log ical ex am in a tio n  was p erfo rm ed  
from  th e  sp leen , liver, h e a r t’s b lood , c o n te n t of sm all an d  large in te s tin e . 
T he ap p lied  m ed ia  were: com m on agar, ovine b lood a g a r an d  D rigalsk i’s ag a r. 
T he in c u b a tio n  w as carried  ou t a t  38 °C fo r 24 hours.

S ta tis t ic a l  ev a lu a tio n s w ere ca rried  o u t b y  th e  t te s t  on selected g roups.

R esults

C linical sym ptom s

T he ra b b its  w ith  m ucoid  e n te ritis  developed a p ro fuse  d ia rrh o ea . T h e  
w a te ry  faeces co n ta ined  m ucus in  large q u a n titie s . In  som e cases th e  m uco u s 
faeces w as red d ish . The affec ted  an im als  show ed genera l listlessness, th e ir  
skin was less p liab le  and  a m a ttin g  of th e  h a ir  was n o ticed  around  th e  h in d ­
q u a rte rs . O ften  a feeling of th ir s t  could be observed  a n d  th e  anim als ex c re te d  
less u rine . In  som e of th e  affected  ra b b its  no excre tion  of urine w as to  be 
n o ted  d u rin g  th e  period of ob serv a tio n . Som e an im als show ed the  sy m p to m s 
of m u scu la r d eb ility  and  shocklike co n d itio n : th e ir  sk in  becam e cool, th e  
b o d y -te m p e ra tu re  was lower w ith  2— 3 °C th a n  th a t  found  in  h ea lth y  ra b b its . 
A w eak  an d  irreg u la r pulse an d  signs o f cyanosis w ere also no ticed . F ro m  
tim e  to  tim e  th e  sym ptom s of shock becam e m o d era te  and  la te r  re lap sed  
again . Som e ra b b its  showed sa liv a tio n  an d  convulsions.

Post-mortem fin d in g s

A t th e  necropsy  th e  ap p earan ce  o f a ffec ted  an im als w as sim ilar to  t h a t  
p u b lished  in  a n  earlier p a p e r (Ve t é s i , 1970). T he colon an d  caecum  show ed 
th e  m ost ch a rac te ris tic  changes: oedem a in th e  wall (F ig . 1), in som e p laces 
d e sq u am atio n  an d  destru c tio n  of ep ith e liu m . In  ce rta in  cases in th e  su p e r­
ficial layers o f caecal m ucosa an  acu te  focal in flam m atio n  was no ted . S ym p-
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F ig . 1. Caecum . The th ick n ess o f subm ucosa a n d  su b sero sa  is increased  ( in te rs titia l oedem a).
H  E  X 50 a p p ro x im a te ly

to m s  of hypersecre tion  o f in tes tin a l g lands could  be observed : like excessive 
a m o u n t of m ucous (som etim es red d ish  a n d  w atery) c o n te n t in  th e  large 
in te s tin e ; m ucus-rich  L ieb erk iih n ’s g lands e tc . V acuolar d eg enera tion  in  th e  
h e p a tic  cells (Figs 2 an d  3), tu b u lo n ep h ro sis  in  th e  k idneys, an d  occasionally  
necrosis of th e  m uscle fib res in th e  h e a r t  w ere also observed . In  12 of th e  
a ffec ted  ra b b its  th e  b la d d e r  was e m p ty . In  th e  o th e r an im als th e  b la d d e r  
c o n ta in e d  a sm all a m o u n t of urine.

A t th e  b acterio log ical ex am in a tio n  p u re  cu ltures of n o n -haem oly tic  E . 
coli could  be iso la ted  from  th e  in te s tin e  of each affected  an im al. In  3 of 20 
ra b b i ts  w ith  m ucoid  e n te ritis  cu ltu res of th e  sam e E . coli s tra in s  w ere iso la ted  
from  th e  liver too . In  7 of contro l ra b b its  no cu ltu re  of E . coli w as found  in 
th e  in te s tin a l c o n ten ts . F rom  th e  in te s tin a l sam ples of th e  o th e r con tro ls  
som e coli colonies w ere iso la ted . The e x a m in a tio n  of th e  p a ren ch y m al organs 
fo r  E . coli w as n eg a tiv e  in  each con tro l.

Acta Veterinaria Acadtmiae Scientiarum Hungaricae 23, 1973



MUCOID E N TE R ITIS  IN  TH E RA BBIT 3 8 5

Fig. 2. L iver. Severe v a cu o la r  degen era tio n  of h ep atic  cells (in trace llu la r  oedem a). H  E  X 400
ap p ro x im ate ly

Fig. 3. L iver. V acu o la r degen era tio n  (in trace llu la r oedem a). H  E  X 1000 ap p ro x im ate ly

Changes in  water and electrolyte balance

Since th e re  is no  ro u tin e  m e th o d  for th e  d e te rm in a tio n  of th e  vo lum e 
of b o d y  flu id s, acco rd ing  to  th e  p rac tice  genera lly  accep ted  in th e  clinical 
lab o ra to ry , th e  changes in  p lasm a volum e w ere follow ed b y  m easuring  th e  
ac tu a l c o n c e n tra tio n  of h a e m a to c rit an d  p lasm a p ro te in s . F rom  th e  re su lts  
show n in T ab le  I  i t  can  be seen th a t  th e  h a e m a to c rit v a lu e  an d  th e  level of 
to ta l  p lasm a p ro te in s  w ere s ig n ifican tly  g rea te r in  ra b b its  w ith  m ucoid e n te r ­
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itis  th a n  those in co n tro l an im als. T hese changes ind ica te  th e  c o n trac tio n  of 
p la sm a  volum e w hich is sy m p to m  of d eh y d ra tio n . In  o rder to  d e te rm in e  th e  
ty p e  of d eh y d ra tio n , th e  co n c e n tra tio n  of sodium  in p lasm a w as also  m easured , 
since i t  is know n th a t  sod ium  ions p la y  a p red o m in an t p a r t  in  m a in ta in in g  
n o rm a l osm otic p ressu re  of e x tra c e llu la r  flu id . T he m ean  sodium  level in th e  
p la sm a  of affected  ra b b its  (152.03 m E q /L ) was below th e  v a lu e  observed  in

Tabl e I

Com parison of blood and  u rine  c o n stitu en ts  in groups of norm al ra b b its  
and  ra b b its  suffering from  m ucoid enteritis

G roup

Blood P la sm a Blood U rine

H aem atoc- 
r i t  v a lu e

T o ta l
p ro te in N a + C l- U rea

p H

S ta n d a rd
HCOg

p H

% g /100 m l m E q/1 m g/100 ml m E q/1

M ucoid  n 19 18 12 13 14 10 14 8
e n te r it is

Mean 44.63 7.94 152.03 87.85 308.29 7.056 10.33 4.94

S.E. +  1.26 ± 0 .2 4 ± 2 .5 7 5 ± 2 .1 9 8 ±38.531 ± 0 .0 4 1 ± 0 .7 6 3 ± 0 .0 4

C ontro l n 15 15 10 11 11 11 14 13

Mean 37.80 5.38 165.9 100.09 36.00 7.298 20.49 6.62

S.E. ± 1 .3 6 ± 0 .2 4 ± 1 .7 7 9 ± 1 .8 5 6 ± 5 .191 ± 0 .0 2 3 ± 0 .6 2 ± 0 .3 0

P < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1 < 0.001 < 0.001 < 0 .0 0 1 < 0 .0 0 1

th e  con tro l group (165.90 m E q /L ). T he h y p o n a traem ia  is an  in d ica tio n  of 
h y p o to n ic  d eh y d ra tio n  w hen  excessive sa lt re la tiv e  to  w a te r is lo st from  th e  
b o d y . T here  was a s im ila r decrease —  a b o u t 13 m E q /L  —  in  th e  m ean  con­
c e n tra tio n  of chloride w h en  th e  d a ta  of ra b b its  w ith  m ucoid  e n te ritis  were 
co m p ared  to  those of n o rm a l an im als.

T h e  h isto logical ex am in a tio n s  also in d ica ted  th e  d is tu rb a n c e  of w a te r 
b a lan ce . In  the  h ep a tic  cells in tra c e llu la r  oedem a (vacu o la r degenera tion) 
w as observed. T he oedem a m ay  be ex p la in ed  w ith  th e  p e n e tra tio n  of w a te r 
in to  th e  cell from  th e  h y p o to n ic  ex tra c e llu la r  flu id . All th e  an im als  stud ied  
show ed oedem a in th e  Avail o f large in te s tin e , especially caecum .

I t  was ch a rac te ris tic  th a t  th e  u rea  co n cen tra tio n  reach ed  v e ry  high 
level in  th e  p lasm a of ra b b its  w ith  m uco id  en te ritis  (azo taem ia). T he m ean 
v a lu e  was abou t te n  tim es la rg e r th a n  th a t  in  contro ls.

Changes in  acid-base balance

T he m ean va lu e  o f s ta n d a rd  b ic a rb o n a te  in th e  p lasm a  of affected  
an im a ls  (10.33 m E q/L ) w as a b o u t h a lf  th a t  o f th e  contro ls. T h e  severe base 
d e fic it an d  consequen tly  th e  re la tiv e  excess of hydrogen  ions w ere com pensated
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by  ren a l re g u la tio n : th e  urine of th e  d ia rrh o e ic  ra b b its  show ed an acid reac ­
tio n  (average: p H  4.94). In  co n tra s t, th e  m ean  p H  of u rin e  w as s ig n ifican tly  
h igher in  th e  co n tro l anim als (pH  6.62). S ince th e  com pensation  w as no longer 
a d e q u a te  to  keep  th e  equilib rium , a c h a ra c te r is tic  red u c tio n  in  b lood  p H  w as 
to  be observed . T h e  m ean  value of p H  7.056 in d ica ted  decom pensa ted  m e ta ­
bolic acidosis in  th e  blood of the  a ffec ted  an im als.

T he p H  o f th e  caecal co n ten t o f ra b b its  w ith  m ucoid  en te ritis  w as 
u sua lly  a lkaline  (m ean  p H  8.09 +  0.05; n =  18), while th a t  of con tro l an im als  
w as acid (m ean  p H  6.45 +  0.09; n  = 1 5 ) .

Discussion

I t  is know n th a t  the  caecal fe rm e n ta tio n  in  h e a lth y  ra b b its  p roduces 
vo la tile  f a t ty  acids from  th e  b reak d o w n  of com plex po lysaccharides . I t  w as 
estab lished  th a t  th e  q u a n tity  of f a t ty  acids p roduced  in caecum  is e q u iv a len t 
to  10 to  12%  o f th e  daily  basa l caloric re q u ire m e n t (H o o ver  an d  H e i t m a n n , 
1972). T he in ten s iv e  p rodu c tio n  of v o la tile  f a t ty  acids m ake acid th e  caecal 
co n ten t w hich  co n ta in s  no or only sm all n u m b e r  of coli b a c te ria  (Smith  an d  
Cr a b b , 1961; Ma t t h e s , 1969; V e t é s i , 1970). T here  is a q u ite  d ifferen t s i tu a ­
tio n  in  th e  an im als  affected  w ith  m uco id  en te ritis . As a f irs t  s tep , E . coli 
b ac te ria  p ro life ra te  in th e  large in te s tin e  (G r e e n h a m , 1962; L öliger  e t a l., 
1969; V e t é s i , 1970). I t  is still obscure w h ich  fac to rs fac ilita te  th e  m u ltip lic a ­
tio n  of b ac te ria . E n te ro to x in  p roduced  b y  th e  b ac te ria  ac ts  on th e  in te s tin a l 
m ucosa of th e  r a b b it  im pairing  th e  n o rm a l tra n sp o r t  be tw een  th e  lum en  o f 
th e  in te s tin e  a n d  th e  ex trace llu lar flu id . T h is resu lts  in  th e  hy p ersec re tio n  o f 
m ucus, w a te r  a n d  e lectro ly tes (sodium , b ic a rb o n a te  etc .) in to  th e  in te s tin a l 
lum en . A t th e  sam e tim e , th e  reab so rp tio n  of th e  alkaline d igestive secre tions 
is also d is tu rb ed . C onsequently , th e  acc u m u la ted  co n ten t o f th e  large in te s tin e  
becom es a lka line  an d  it  is excre ted  in  th e  form  of w a te ry , m ucous faeces.

T he loss o f w a te r, e lec tro ly tes an d  base  causes severe d is tu rb an ces  in  
th e  bo d y  flu id s . H ypo to n ic  d eh y d ra tio n  develops w hich is ch a rac te rized  b y  
th e  decreased  p lasm a  volum e an d  fall in  p lasm a sodium  co n cen tra tio n . T he 
base deficit leads to  decom pensated  m etab o lic  acidosis. T he serious a lte ra tio n s  
of e lec tro ly te  a n d  w a te r  balance, th e  fall in  th e  c ircu la ting  blood vo lum e a re  
followed b y  decreased  card iac o u tp u t, a decline in b lood  pressure  an d  in ­
ad eq u a te  c ircu la tio n . All th is  resu lts  in  in su ffic ien t supp ly  of oxygen to  th e  
tissues an d  soon th e  clinical sym ptom s o f hypovo laem ic  shock can  be observed . 
A t th e  sam e tim e , th e  E . coli endo tox ins an d  to x ic  end p ro d u c ts  of in te s tin a l 
p u tre fac tio n  are  reso rbed  th ro u g h  th e  d e sq u a m a te d  m ucosa of large in te s tin e . 
T he toxicosis w hich  is ind ica ted  b y  th e  h igh  urea level, fu r th e r  a g g rav a te s  
th e  cond ition  o f th e  anim al and  also c o n tr ib u te s  to  th e  fa ta l end  of disease.
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T h e  p re s e n t  s tu d ie s  s tro n g ly  su g g e s t t h a t  th e  p a th o p h y s io lo g ic a l c h a n g e s  
o b s e rv e d  in  th e  m u c o id  e n te r i t is  o f  r a b b i t s  a re  in  m a n y  r e sp e c ts  s im ila r  th o s e  
d e s c r ib e d  in  th e  e n te r ic  co lib ac illo s is  o f  p ig le ts  ( K u ta s  a n d  S za bó , 1971).

*

The au th o rs  g ra te fu lly  acknow ledge th e  v e ry  able tech n ica l assistance  of M iss L. 
K o v á t s  and  Mrs. T . K á d á r .

SU M M A RY

The effects of m ucoid  e n te ritis  on  th e  w a te r , e lectro ly te  an d  acid-base  ba lan ce  w ere 
in v es tig a te d  on  20 w eaned ra b b its , 4 — 11 w eeks o f age. 15 h e a lth y  ra b b its  of th e  sam e age 
serv ed  as contro l. T he w a te r and  e lec tro ly te  b a lan ce  w as s tu d ied  by  th e  d e te rm in a tio n  of 
h a em a to c rit, to ta l  p lasm a p ro te in s, u re a , sod ium  a n d  chloride co n cen tra tio n s; the acid -base  
s ta tu s  was follow ed by  th e  A s tru p ’s m ic ro m eth o d .

I t  was fo u n d  th a t  ra b b its  w ith  m ucoid  e n te r itis  developed h y p o to n ic  d e h y d ra tio n , 
azo taem ia  and  d eco m pensated  m etab o lic  acidosis. I t  w as concluded  th a t  severe d is tu rb an ces  
o f  flu id , e lectro ly te  an d  acid-base ba lan ce  p lay  a s ig n ifican t p a r t  in  p rovok ing  th e  shocklike  
sy n d ro m e  and  fin a lly  cause th e  d e a th  o f an im al.
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PATHOLOGICAL ANATOMIC EXPERIENCES 
IN THE AFRICAN SWINE FEVER OUTBREAK 

IN CUBA IN 1971

By

E .  T u r y , J .  R . R a m o s  a n d  R . U r q u i a g a

D e p artm en t o f P a th o lo g ica l A n a to m y  (H ead: Prof. A. K a r d e v á n ), 
U n iv e rsity  o f V e te rin a ry  Science, B u d ap est 

an d  N a tio n a l V e terin ary  In s t i tu te  (D irec to r: M. E . T orano), L a H a b an a , Cuba

(R eceived  A pril 21, 1973)

A frican  sw ine fever w as f ir s t  observed  in  E a s t  Africa (M o n tg o m er y , 1921). L a te r  
th e  disease sp read  in several a reas o f th e  A frican  co n tin en t. In  E u ro p e  i t  has  occurred  in  th e  
sequence in P o rtu g a l (R ib e r io , 1957), Spain  ( J o ver  an d  B o t ija , 1960), F rance  (1964) and  
I ta ly  (V ittoz , 1967). In  th e  sp ring  of 1971 it  w as in tro d u ced  in to  C uba u n d e r no t y e t fully  
u n d e rs to o d  c ircum stances.

T he gross lesions caused by  sw ine fev er has been  described by  m an y  au th o rs . D escrip ­
tio n s  from  th e  tim e of th e  early  E u ro p ea n  o u tb re a k s  (R ib e r io  e t a l., 1958; J over  and  
B o t ija , 1961; K ovalenko  e t ah , 1965; B o l d r in i, 1967; L ucas e t  ah , 1967; V ittoz , 1967; 
M o ulton  and  Co gg in s , 1968) agree well w ith  those  from  th e  A frican  o u tb rea k s  an d  cor­
resp o n d  esen tia lly  to  th e  p a th o lo g ica l p ic tu re  of th e  classical sw ine fever. C ertain  au th o rs , 
h o w ever’ no ted  a m ark ed  freq u en cy  an d  sev erity  o f som e of the  lesions a n d  presence of certa in  
o rg an ic  changes (sp lenom egaly , oedem a of th e  cho lecyst wall) w hich  w ere uncom m on in  
classical swine fever, b u t  could  be reg ard ed  as c h arac te ris tic  of th e  A frican  disease. In  m ore 
re c e n t E u ro p ean  o u tb reak s, these  c h arac te ris tic  lesions g radually  becam e less freq u en t and  
less severe so th a t  classical an d  A frican  sw ine fev er have  becom e grossly  ind istinguishab le . 
T h e  m icroscopic lesions asso c ia ted  w ith  th e  tw o conditions also a re  essen tia lly  sim ilar, b u t  
m an y  a u th o rs  have  po in ted  o u t th e  occurrence of ch arac te ris tic  regressive  changes of th e  
ly m p h o re tic u la r  tissue in A frican  sw ine fev er (Ma u e r  e t al., 1958; K o va lenk o  and  Sid o ro v , 
1965; P et isc a , 1965; Scott, 1965: H e u s c iie l e , 1967; Mir r i , 1967; M o ulto n  and  Co g g in s , 
1968; B u rba , 1969; Colgrove e t a l., 1969). O th ers (K onno e t al., 1971a, b , 1972) show ed 
in  specim ens o rig ina ting  from  e x p erim en ta l in fec tio n  th a t ,  especially  in  th e  chronic form , 
p ro life ra tiv e  phenom ena also occur in  ad d itio n  to  th e  regressive changes.

M ateria l and  M ethods

C arcases of 33 n a tu ra lly  d iseased an d  7 ex p erim en ta lly  in fected  sw ine 
were exam ined  for gross an d  m icroscopic lesions. Of th e  sp o n tan eo u sly  died 
sw ine, 23 w ere free from  a secondary  sep ticaem ic  b ac te ria l in fec tion , w hereas 
five  each of th e  rem ain ing  10 an im als h ad  a secondary  b ac te raem ia  due to  
Salm onellae or p asteu re llae . T h e  seven ex p erim en ta lly  in fec ted  anim als o rig ina­
te d  from  th e  group w hich h a d  p rev io u sly  been  used for th e  d iagnostic  b io log­
ical te s t.

T he follow ing organs w ere exam ined  h isto log ically : sp leen , reg ional an d  
o rganic  ly m p h  nodes, liver, ga llb lad d er, k idney , b ra in , sp in a l chord , lung ,

9 Acta Veterinaria Academiae Scientiarum Hungaricae 23, 1973



3 9 0 TU RY  e t al.

h e a r t ,  pancreas, a d re n a l, sk in  an d  sk e le ta l m uscles. T h e  specim ens w ere 
fix ed  in  10%  fo rm a ld eh y d e , Z enker an d  B ouin  so lu tion , an d  em bedded  in 
p a ra ff in . Most sections w ere s ta in ed  w ith  h aem ato x y lin  a n d  eosin. In  a d d itio n , 
W eig ert, Nissl an d  to lu id in e  b lue s ta in s, G öm öri’s silver im p reg n a tio n  te c h ­
n iq u e  and  the  PA S re a c tio n  w ere em ployed.

Gross lesions

N either th e  gross n o r th e  m icroscopic lesions d iffered  sign ifican tly  b e ­
tw een  n a tu ra lly  d iseased  and  ex p erim en ta lly  in fec ted  sw ine. P resence or 
absence  of a seco n d ary  b ac te raem ia  h a d  no  influence on e ith e r  ty p e  of lesion.

Grossly 23 (57% ) of th e  40 swine show ed spo ts of cyanosis an d  h a e ­
m orrh ag es in  th e  sk in . T h e  v io le t-redd ish  cyano tic  spo ts h a d  in d is tin c t m a r­
gins and  varied  in  size; th e y  chiefly  occurred  in  ear sk in , o ften  in associa tion  
w ith  cu taneous o ed em a, b u t  were also found  on th e  sn o u t, cervical, th o raca l 
a n d  abdom inal sk in , in  th e  ingu inal region, inner surface o f th e  th ighs, a t  th e  
ta i l  base and  — in  fem ales — in th e  v u lv a r  region. P e tech ia l or sm all c ircu m ­
scribed  haem orrhages w ere regu la rly  en coun tered  on th e  lim bs and  low er- 
la te ra l  p a rts  of th e  a b d o m in a l skin. E x ten siv e  h aem o rrh ag es were found  in 
8 an im als (20% ), o f w hich  6 h ad  a secondary  b a c te ra em ia . T he cu tan eo u s 
lesions were eq ua lly  f re q u e n t in  swine w ith  p ig m en ted  a n d  ligh t sk in  b u t  
w ere, of course, m ore  conspicuous in  th e  la t te r  case.

T he ex te rn a l v is ib le  m ucous m em branes w ere genera lly  hyperaem ic  an d  
cy an o tic . A slight oedem a w as often  found  in  th e  su b cu tan eo u s connective  
tissu e , especially a ro u n d  reg ional ly m p h  nodes. M inor haem orrhages w ere 
f re q u e n t in  th e  su b c u ta n e o u s  connective tissue  an d  ske le ta l m uscles, especially  
b e n e a th  th e  fascias a n d  less often  large  h aem ato m as, som e up  to  5— 10 cm 
in  d iam eter, were fo u n d .

The su b m an d ib u la r , re tro p h a ry n g ea l, a n te scap u la r, p raefem oral, p o p ­
lite a l and  m esenteric  ly m p h  nodes w ere alw ays swollen a n d  hyperaem ic , an d  
in  24 cases (60% ) th e y  show ed d iffe ren t degrees of h aem o rrh ag e  and  red  blood 
cell in filtra tio n . In  th e  co rtica l p a r ts  o f th e  ly m p h  nodes s treaks of e x tra -  
v a sa te d  red  blood cells w ere less freq u en tly  found  th a n  haem orrhages. T h e  
haem orrhages w ere o ften  p etech ia l an d  seldom  involved  th e  en tire  lym ph  node.

In  nearly  ev e ry  case, haem orrhages w ere m ilder in  th e  regional ly m p h  
nodes th a n  in  th e  p o r ta l ,  re tro v e n tr ic u la r  and  periren a l ones of one an d  th e  
sam e ind iv idual. N ine  an im als  (22.5% ) h ad  sm all am o u n ts  of yellow, in  tw o 
cases reddish , s lig h tly  tu rb id  ex u d a tio n  in  th e  ab d o m in a l, th o raca l an d  p e r i­
ca rd ia l cavities. Sm all subserous haem orrhages w ere o ften  seen in  g rea t 
n u m bers.

T w enty  sw ine (50% ) h ad  p e tech ia l haem orrhages in  th e  lung  p a re n ­
ch y m a and  b e n e a th  th e  v isceral p leu ra . N ine an im als (22.5% ) had  a co n ­
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sp icuous lung  oedem a; th e  serous-je llinaceous oedem a flu id  caused  th ic k e n ­
ing  of th e  in te rlo b u la r  sep ta . A haem o rrh ag ic  croupous p n eu m o n ia  w as only 
fo u n d  in  5 n a tu ra lly  d iseased sw ine (12.5% ), ou t w hich tw o  h a d  a secondary  
salm onellosis, one a secondary  pasteu re llo sis . H yperaem ia  a n d  h aem orrhage 
fre q u e n tly  occurred  in  th e  ep ig lo tta l an d  oesophageal m ucosa . H aem orrhages 
v a ry in g  in d im ensions and  form  w ere often  found b e n e a th  th e  ep icard ium  
a n d  p ericard iu m , less often in  th e  auricle. M yocardial haem o rrh ag es were 
also freq u en t. F o u rteen  an im als (35% ) h ad  enlarged spleen an d  ou t o f th em  
11 w ere free from  a secondary  b a c te r ia l infection . Sp lenom egaly  ap p eared  in 
tw o form s. One form  was ch a rac te rized  b y  an  en la rgm en t to  ab o u t 1.5 tim es 
of th e  orig inal size, dark  b ro w n ish -red  colour, ro u n d ed  edges an d  a con­
sistence m ore com pact th a n  u su a l in  hyperaem ic in flam m atio n  of th e  spleen. 
T h e  d a rk  red  p u lp  of th e  b isec ted  spleen bulged above th e  c u t su rface , b u t  
its  consistence w as ch a rac te ris tic a lly  rig id , jelly-like r a th e r  th a n  soft. The 
M alpighian  bodies could be recogn ized  in places. The o th e r form  w as c h a ra c te r­
ized b y  m o d era te  en largem en t an d  m o d era te  round ing  of th e  edges and  a rigid- 
consistence rem ind ing  of h y p erp las ia l en largem ent of sp leen . T he b row nish  
re d  p u lp  bu lged  only s ligh tly  above  th e  c u t surface a n d  i ts  su b stan ce  was 
slig h tly  friab le  in  those cases in  w hich th e re  was an  ex ten siv e  in fa rc tio n . 
T h e  M alpighian bodies w ere scarce ly  v isib le. C ircum scribed in fa rc tio n s w ere 
only  sporad ica lly  found . T he liv e r  w as often  hyperaem ic  a n d  in  a few cases 
th e re  w as a nu tm eg-liver. N ine an im als  (22.5% ) showed a ch a rac te ris tic  serous 
h e p a titis  and  18 (45% ) h ad  conspicuous liver haem orrhages, localizing chiefly  
b e n e a th  th e  capsu le , m ain ly  on th e  v isceral surface, n e a rb y  th e  gallb ladder. 
T y p ica l changes of th e  p o rta l ly m p h  nodes were found  in  26 cases (65% ), 
ap p earin g  e ith e r in  th e  form  o f a serous or hyperp lasia l in flam m atio n , if  th e  
course of th e  disease was ra p id , o r in  th e  form  of h aem o rrh ag es  of v a ry in g  
severity .

E x trem e ly  en larged ly m p h  nodes rem inded  of a h a e m a to m a  ra th e r  th a n  
o f th e ir  original self (Fig. 1).

T he gallb lad d er was u su a lly  d ila ted  an d  filled w ith  th ic k  bile. A serous- 
je llinaceous in filtra tio n  of th e  cho lecyst wall and  of th e  loose connective 
tissu e  a ro u n d  th e  bile d u c t w as fo u n d  in  15 carcases (37 .5% ). In  9 cases 
(22.5% ) haem orrhages were p re se n t in  th e  m ucosa of th e  ga llb lad d er. In  n ea rly  
ev e ry  case, m ild  to  severe h y p e raem ia  was found in  th e  k id n ey s  and  30 swine 
(70% ) h ad  haem orrhages in  th e  ren a l co rtex  and  m edu lla  a n d  in th e  m ucosa 
o f th e  ren a l pelv is as well (F ig . 2). C ircum scribed h y p e raem ic  areas an d  
p e tech ia l haem orrhages w ere o ften  found  in  th e  deep co rtic a l layers, m edulla  
an d  pelvic m ucosa also in  th ese  cases in w hich th e  surface of th e  renal co rtex  
show ed li ttle  or no haem orrhages. In  a few cases coag u la ted  b lood  was found  
in  th e  ren a l pelv is and  in  th e  u re te r . D espite  th e  h y p e raem ia , p re sen t in 
p rac tica lly  all cases, th e  ren a l c o rtex  often  had  a faded b row nish -red  colour
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Fig. 1. Severe h a em o rrh ag e  in  th e  re tro v e n tr ic u la r  and  p o r ta l  ly m p h  nodes

a n d  could be to rn  ea s ie r th a n  no rm ally . R ed blood cell in filtra tio n  and  haem ­
o rrh ag ic  changes o f th e  perirena l lym ph  nodes co rresponded  in severity  to  
th e  ren a l h aem o rrh ag es . T w en ty -sev en  carcases (67 .5% ) show ed petech ia l 
haem orrhages or in je c te d  vessels in  th e  u r in a ry  b lad d e r.

Small p e tech ia l h aem o rrh ag es w ere often  p resen t in  th e  gastric  m ucosa, 
sm all and  large in te s tin e , an d  th e  re tro v e n tr ic u la r  ly m p h  nodes of 15 swine 
(37 .5% ) showed lesions rem in iscen t of th o se  observed  in  th e  p o rta l ly m p h  
n o d es. Six swine (15% ) h ad  circum scribed  ulcers in  th e  colon, b u t  no b ou tons

F ig . 2. Severe h aem orrhages in the  k id n ey
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Fig. 3. M any red  b lood  cells and  nuclear debris h av e  rep laced  a M alp igh ian  bod y  (p u lv eriza ­
tion). H . & E ., X a b o u t 400

w ere observed  th ro u g h o u t. H aem orrhage  an d  red  cell in f iltra tio n  w ere fo u n d  
in m ost o f th e  m esen teric  lym ph  nodes. F o u r  sw ine (10% ) h ad  h aem o rrh ag es 
in  th e  pan creas  an d  pan crea tic  ly m p h  nodes. T h e  m eninges w ere u su a lly  
hyperaem ic  a n d  oedem atous.

M icroscopic lesions. T he M alpighian bodies of th e  spleen show ed ty p ica l 
regressive lesions, chiefly  m an ifested  as necrosis of ly m p h o cy tes  in  d iffe ren t 
stages of m a tu ra tio n . M any cells show ing signs o f karyopycnosis  an d  k a ry o r- 
rhex is w ere fo u n d  in  th e  cen tra l p a r t  an d , ch iefly , in  th e  m arg in a l p a r ts  o f 
th e  M alpighian  bodies. The necrotic  processes w ere freq u en tly  so severe th a t  
single or severa l a d ja c e n t M alpighian bodies h a d  com plete ly  d is in teg ra ted  
(F ig. 3), only a m ass of n uclear debris being  found  in  th e ir  p lace (p u lv eriza­
tion ). N eighbouring  M alpighian bodies in  one an d  th e  sam e sp leen  show ed 
m ild  to  severe regressive changes. L y m p h o cy te  coun ts w ere generally  low in  
th e  red  pu lp  a n d  m a n y  cells show ed signs o f  k a ry o rrh ex is  an d  k a ryopycnosis .

Severe c ircu la tio n  d iso rder an d  reg ressiv e -ty p e  vascu la r w all lesions w ere 
also found  in  th e  spleen. T here w as fre q u e n tly  a m ark ed  h y p eraem ia , above 
all a ro u n d  M alp igh ian  bodies show ing no  regressive  lesions, b u t  once necrosis 
had  ad v an ced , h aem o rrh ag es of d iffe ren t degrees appeared  a ro u n d  th e  M al­
p igh ian  bodies, som etim es su rround ing  th em  in  an  a n n u la r  fash ion  (F ig. 4).
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F ig . 4. E x ten siv e  perifo llicu lar h aem o rrh ag e  a n d  n ecro tic  processes in  a M alp igh ian  bo d y .
H . & E ., X a b o u t 460

In fre q u e n tly  h aem o rrh ag es w ere seen w ith in  th e  M alp ighian  bodies th em selves, 
m ore  often  in  o th e r  areas of th e  red  p u lp . In  a few cases an  ex tensive  h a e m o r­
rh ag ic  in fa rc tio n  of th e  spleen w as fo u n d : th e  tis su la r  s tru c tu re  lo st d e fin itio n  
in  such  areas an d  only  m asses of red  b lo o d  cells and , in  sm aller a reas , n u c lea r 
d eb ris , w ere recognized. T he red  b lood  cells u sua lly  s ta in ed  pale. T h e  re tic u la r

F ig . 5. T he re ticu la r fib re  s tru c tu re  is b ro k e n  a n d  d e te rio ra tin g  in th e  area o f a severe re ­
gressive splenic lesion. G öm öri’s silver im p re g n a tio n  tech n iq u e . Я . & E ;, X a b o u t 1000
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fib re  s tru c tu re  of th e  sp leen  w as loose an d  b roken  in  th e  a reas  of th e  regressive 
lesions an d  in  severe cases only  trace s  of i t  could be  recognized  over large 
fields (F ig . 5).

R egressive v ascu la r  w all lesions were ch iefly  fo u n d  in  th e  cen tra l and  
sh ea th  arte ries. T he en d o th e lia l cells of th e  ce n tra l a r te rie s  w ere sw ollen, 
show ed a cy top lasm ic vacu o liza tio n  and , occasionally , k a ryopycnosis . I n t r a ­
m u ra l deposition  o f a fin e ly  g ran u la r, P as-positive  su b stan ce , ta k in g  on a 
hom ogeneous eosin s ta in , w as fo u n d  in  th e  w all o f n u m ero u s  vessels (Figs 
6 an d  7), causing a considerab le  m u ra l th icken ing . R a re fic a tio n  and  vacu o liza­
tio n  w ere often  seen in  th e  v ascu la r  wall itself. T h e  sh ea th s  of th e  b ru sh  
a rte rie s  freq u en tly  show ed a loose s tru c tu re  an d  an  in c reased  n u m b er of red  
b lood cells as well as a hom ogeneous su bstance  ta k in g  on a pale eosin s ta in  
accu m u la ted  betw een  cells o f th e  S chw eiger-S eidel sh ea th s . T he sh ea th  
a rte rie s  of severely changed  spleens com plete ly  lo st s tru c tu ra l  d e fin ition  an d  
even th e ir  con tours w ere scarcely  recognizable. A p a r t  fro m  th e  above reg res­
sive lesions, p ro life ra tiv e  p h enom ena  w ere also o bserved  in  th e  spleen, b u t  
these  w ere lim ited  to  m in o r areas. T h e  d iv id ing  cells in c reased  in  n u m b er in 
severa l M alpighian  bodies an d  b o th  lym pho id  an d  re tic u lu m  cells w ere m ore 
n um erous. M any eosinophilic g ran u lo cy tes  w ere o ften  fo u n d  in  th e  splenic 
p a ren ch y m a . T he ly m p h  nodes ch iefly  show ed regressive changes an d  circula-

Fig. 6. M arked  th icken ing  o f a r te r ia l  w all ow ing to  in tra m u ra l a cc u m u la tio n  of a hom ogeneous 
su b stan ce . Splen. H . & E ., X a b o u t 400
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F ig . 7. Deposition of a  co n sid erab le  a m o u n t o f PA S-positive  su b s tan ce  in  th e  wall of th e  
vessel sh o w n  in  F ig. 6. PA S sta in in g  X a b o u t 400

t io n  disorders, b u t occasionally  th e re  w ere also p ro life ra tiv e  phenom ena . The 
reg ressive  processes w ere  ch iefly  m an ifested  as necrosis o f th e  lym phoid  
e lem en ts , above all o f th e  ly m p h o cy tes  an d  as deg en era tiv e  changes in vessel 
w alls . In  m ilder cases k a ry o p y cn o sis  an d  k a ry o rrh ex is  w ere lim ited  to  single 
ce lls; in such cases p h ag o cy tized  cell debris were a b u n d a n tly  p re sen t in th e  
cy to p la sm  of several la rg e  m acrophages (F ig. 8). In  severe cases, th e  cell 
necrosis  extended over la rg e  areas, inc lud ing  th e  cen tra l an d  p e rip h era l cor­
t ic a l  zones (Fig. 9) a n d  th e  m edu lla  (F ig. 10). V ery  severe cases, in  w hich alm ost 
th e  en tire  lym phoid  tis su e  h ad  n ecro tized  an d  tra n sfo rm e d  in to  a hom o­
geneous eosinophilic m ass  co n ta in in g  pow der-like n u c lea r debris , w ere also 
en co u n tered .

Vessels trav e rs in g  th e  ly m p h  node p ro p er show ed m u ra l changes sim ilar 
to  tho se  encountered  in  th e  spleen (Figs 11 an d  12). M arked ly  d ila ted  cap illary  
v esse ls  whose lum en w as filled  b y  nu c lea r debris em bedded  in  a hom ogeneous, 
ac idoph ilic  su bstance  w ere often  seen (F ig . 13). H y p e raem ia , haem orrhag ic  
lesions in various p a r ts  o f th e  lym ph  node an d  e x tra v a sa tio n  of red  blood 
cells in to  th e  sinuses w ere  n ea rly  alw ays observed. In  th e  hem atom a-like  
ly m p h  nodes th e  m ass o f  red  b lood  cells com pletely  m ask ed  th e  basa l tissue 
w h ich , on closer e x a m in a tio n , show ed regressive lesions. P ro life ra tiv e  phenom -
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F ig. 8. P hagocytized  cell debris in th e  cy to p la sm  of a re ticu lum  cell. L y m p h  node. H . & E .,
X a b o u t 400

F ig . 9. E arly  regressive changes in th e  c en tra l a rea  of a lym ph follicle. L y m p h  node. H . & F .,
X a b o u t 400
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F ig . 10. A dvanced cell n ecro sis  in  a m edullary  b u n d le . L ym ph node . H . & E ., X ab o u t 400

e n a  w ere chiefly o b se rv e d  in  those cases in  w hich th e  reg ressive  cell lesions 
w ere lim ited  to  a few  sing le  cells or cell g roups. These p h en o m en a  were accom ­
p a n ie d  b y  an increase in  num bers of ly m p h o -re ticu la r e lem en ts  and  d iv id ing  
cells. I n  some cases th e  co rtica l elem ents an d  m yeline b u n d le s  were en larged 
a n d  th e ir  m argins w ere  in d is tin c t. E osinophilic  g ran u lo cy tes  appeared  in th e  
ly m p h  node tissue in  a su b s ta n tia l p ro p o rtio n  of th e  cases.

T he liver p a re n c h y m a  chiefly show ed regressive lesions, w hich w ere 
lim ite d  to  single liv e r  cells (Fig. 14) or cell groups (F ig . 15) an d  R H S cells. 
T h e  m ain  changes w ere  hy p erch ro m asia  of th e  n u c lea r m em brane , n uc lear 
pycnosis and  rhexis, a c id o p h ilia , tu rb id  sw elling and, less o ften , fa tty  in f il tra ­
tio n  o f th e  p a ren ch y m a l cells. A lthough th e  regressive p h en o m en a  were seen 
in  a ll p a r ts  of th e  liv e r  lo bu les, th e ir  m a in  sea t was th e  m ed ia l zone. In  th e se  
cases in  w hich th e  reg re ss iv e  lesions w ere inconspicuous, sw elling of th e  R H S 
cells an d  fo rm ation  o f sm all, g ranu lom a-like foci from  p ro life ra tin g  cells w as 
o b serv ed  in th e  sin u so id s . P ro life ra tive  changes w ere a lw ays found in  th e  
liv e r  an d  seemed to  b e  u n re la te d  to  th e  presence or ab sen ce  of a secondary  
b a c te r ia l infection. T h e  in te rlo b u la r  se p ta  w ere in f il tra te d  b y  lym phocy tes, 
h is tio cy te s  and, f re q u e n tly , b y  m any  eosinophilic g ran u lo cy tes . M any in ­
f la m m a to ry  cells show ed  n ecro tic  p h enom ena  (Fig. 16).
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F ig . 11. T h icken ing  of th e  w all of a sm all vessel owing to in tra m u ra l a ccu m u la tio n  of a h o m o ­
geneous substance  an d  swelling of th e  en d o th e lia l cells. L y m p h  node. H . & E ., X a b o u t 1000

F ig . 12. V acuo liza tion  and  s tru c tu ra l ra re fica tio n  in a vessel wall. L y m p h  node. H . & E .,
X a b o u t 1000
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Fig. 13. C apillary th ro m b u s  in  th e  ly m p h  node p a ren ch y m a. H . & E ., X  ab o u t 2500

Fig. 14. Regressive lesions o f single liver cells an d  c ircum scribed  haem o rrh ag e  in th e  liver
p aren ch y m a. H. & E ., X a b o u t 400
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Fig. 15. C onfluen t areas o f necrosis in th e  liver. H . & E ., X ab o u t 160

Fig. 16. H istio -ly m p h o cy tic  in filtra tio n  in  the  in te rlo b u la r  sep ta  an d  regressive changes 
in  in flam m ato ry  cells. L iver. H. & E ., X a b o u t 400
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Fig. 17. O edem atous in f il tra tio n  in  th e  ga llb lad d er wall. H . & E ., X  a b o u t 65

T he grossly v isib le  th ick en in g  of th e  cholecyst wall w as due to  oedem a 
o f th e  propria  m ucosae an d  of th e  subserous tissues (F ig. 17). In  th e  oede­
m a to u s  areas haem o rrh ag es an d  e ry th ro p h a g o c y tic  m acrophages w ere seen. The 
ly m p h  follicles of th e  m ucous m em b ran e  w ere enlarged an d  th e  vessels t r a ­
v e rs in g  th e  various lay e rs  of th e  cho lecyst w all were m ark ed ly  d ila te d . Lesions 
s im ila r  to  those in th e  g a llb lad d e r w ere found  in th e  e x tra h e p a tic  b ile  ducts.

In  the  renal c o rte x  an d  m edu lla , m ark ed  v a so d ila ta tio n  an d  c ircum ­
sc rib ed  haem orrhages w ere found . In  som e cases th e  h aem o rrh ag es  w ere 
m o re  num erous in th e  m edu lla  th a n  in  th e  co rtex . A m ark ed  h y p e raem ia  and  
h aem o rrh ag e  were o ften  p re se n t in th e  m ucosa of th e  ren a l pe lv is. G lom erulas 
cells, endothelial cells a n d  p a r ie ta l cells of B ow m an’s cap su la  w ere swollen 
a n d  show ed necrotic  p h en o m en a . B rig h t acidophilic  serum  an d  d ro p le ts  were 
fre q u e n tly  encoun tered  in  th e  c a v ity  of B ow m an’s capsule (F ig . 18). H aem o r­
rh a g e s  were ra re ly  fo u n d  in  th e  g lom eruli. M any hom ogeneous in tra -c y to -  
p la sm ic  droplets, ta k in g  on m uch  eosin s ta in  and  a lte rn a te ly  show ing  W eigert - 
o r P A S -p o sitiv ity  (F ig . 3 9) w ere p re se n t in  m ost o f th e  tu b u la r  ep ithe lia l 
cells an d  in th e  tu b u la r  lu m en ; som etim es th e  en tire  lum en  w as filled  by  a 
hom ogeneous m ass of s im ila r s ta in in g  p ro p erties . D igestion  w ith  d iasta se  did 
n o t  a lte r  the  sta in in g  p ro p e rtie s  of th e  PA S -positive d ro p le ts  or g ranules. 
T h e  nuclei of the tu b u la r  ep ith e lia l cells ra re ly  show ed d eg en era tiv e  phenom -
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F ig . 18. “ H yaline  d ro p le ts”  in  th e  c av ity  o f  B ow m an’s capsule. K idney . H . & E ., X ab o u t 400
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F ig . 19. Severe hy a lin e  degeneration  in m any  ren a l tubu les. H . & E ., X ab o u t 400
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ena. Circumscribed areas of lym phocytic and h istiocytic  infiltration were 
som etim es observed in the renal interstitial tissue. K aryopycnosis and karyor- 
rhexis were frequent in the inflam m atory cells. The sm all vessels of the renal 
parenchym a showed m ural changes of similar typ e to  splenic and lym ph  
node vessels.

The lungs were usually  hyperaem ic, w ith sm all haemorrhages and 
enlargem ent of the interlobular septa due to  serous oedem a (Fig. 20). The 
lym phoreticular cell elem ents of the peribronchial lym ph nodes often increased 
in number and showed necrotic phenom ena. The degnerative vascular wall 
lesions resembled those found in the vessels of other organs.

Haemorrhages were often found in the epicardium , endocardium and 
m yocardium . The sm all arteries showed marked regressive mural lesions both  
inside and outside the haem orrhagic areas. A P A S-positive substance loosened  
the structure of the vesse l wall, the endothelial cells were enlarged and de­
generated. Heart m uscle dystrophy was but in frequently  found in circum­
scribed areas.

No characteristic changes were observed in the pancreatic tissue. Minor 
haemorrhages were found in only a few cases and the excretory gland ep ithe­
lium  showed necrosis in tw o cases.

Hyperaem ia and less often haemorrhages were found in both the medulla 
and the cortex of the adrenals.
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Fig. 20. I n te r s ti t ia l  pu lm onary  oedem a. H . & E ., X a b o u t 65



PATHOLOGICAL ANATOMIC E X P E R IE N C E S  IN  A FRICAN SW IN E FEV ER 405

Fig. 21. N erve cell pycnosis. B ra in . H . & E ., X ab o u t 160

In  th e  grossly cyano tic  ap p earin g  sk in  areas chiefly  hyperaem ia  of th e  
corium  an d , to  a ce rta in  e x te n t, also o f th e  sub cu tis  w as observed. D eg en er­
a tiv e  lesions in  vessel walls were ra re  an d  th e re  was no th ro m b u s fo rm a tio n .

In  th e  c e n tra l nervous system , c h a ra c te ris tic  lesions w ere found  in  th e  
nerve  cells, lep tom en inges an d  blood vessels. T he changes were p re d o m in a n tly  
regressive, in fla m m a to ry  phenom ena being  less f req u en t. D egenerative changes

Fig. 22. E x ten siv e  haem orrhage in  th e  lep tom en inges. H . & E ., X ab o u t 65
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of d iffe ren t severity  w ere observed in  v a rio u s  cerebral nuclei, co rtica l nerve  
cells an d  P u rk in je  cells. T he nerve cells w ere sh runken , show ed a m ark ed  
cy to p la sm ic  basoph ilia  a n d  condensation  o f N issl granules. T he nucle i w ere 
e i th e r  m ark ed ly  sw ollen o r pycno tic . N eu ro cy to p h ag ia  w as v e ry  ra re ly  obser 
v ed . T he lep tom eninges show ed in m o st cases hyperaem ia , serous in f iltra tio n  
a n d  haem orrhages (F ig . 22), th e  la t te r  w ere in some cases co n flu en t over 
la rg e  a reas, while in  o th e rs  th e y  were lim ite d  to  th e  in m ed ia te  su rro u n d in g s 
o f  one or a n o th e r vessel. A diffuse, p e riv a sc u la r  in flam m ato ry  cell re ac tio n  
w as q u ite  ra re  in  th e  p ia  m a te r. T he sm all cereb ral a rte ries show ed sw elling 
a n d  necrosis of en d o th e lia l cells, su b en d o th e lia l vacuole fo rm atio n , m o d era te  
th ic k e n in g  of th e  w all ow ing to  in tra m u ra l deposition  of a P A S -positive  
su b s ta n c e  and  p e riv a sc u la r  oedem a. I n  th e  grey  m a tte r  an d  w h ite  m a tte r , 
th e re  w as usually  a v e ry  slight h is tio -ly m p h o cy tic  in f iltra tio n ; in  th e  few 
cases w hen  it was severe , th e  in f la m m a to ry  cells show ed nu c lea r d eg en era­
t io n  phenom ena. T h ere  w as also a glia cell in filtra tio n , m ore often  of th e  
d iffu se  th a n  of th e  focal ty p e . Only few glia cells show ed regressive changes 
(kary o p y cn o sis  an d  k a ry o rrh ex is). Lesions in  th e  spinal m edu lla  and  m eninges 
w ere  of sim ilar ty p e  to  th e  cerebral changes, h u t  less severe.

D iscussion

T he m ajo rity  of lesions found in  th e  exam ined  carcased  w ere c h a ra c te r­
is tic  of th e  h y p e racu te  a n d  acu te  form s o f A frican  swine fever; changes co r­
resp o n d in g  to  th e  su b a c u te  form  w ere fo u n d  in  only few in stances. T he m ain  
gross lesions were p h en o m en a  in d ica tiv e  o f a general c ircu la tion  insuffic iency  
a n d  haem orrhages. T h e  m ain  signs of c ircu la tio n  d iso rder w ere an  ex ten siv e  
c u ta n e o u s  hyperaem ia  a n d  cyanosis, b u t  s im ila r lesions w ere also p re sen t in 
in te s tin a l and  u p p er re sp ira to ry  m ucosa as well as in  ce rta in  organs (liver, 
k id n e y s , lungs, m en inges). The h aem o rrh ag es ap p a re n t in  all b o d y  regions 
w ere  o f th e  p e tech ia l ty p e  in acu te  cases an d  larger an d  m ore n u m ero u s i f  
th e  disease took  a lo n g er course. T he ren a l haem orrhages w ere n o t lim ited  to  
th e  co rtex ; th e y  a p p e a re d  in  th e  deeper la y e rs  an d  in  th e  m ucous m em b ran e  
o f th e  ren a l pelvis as w ell. T he re tro v e n tr ic u la r , p o rta l an d  pe riren a l ly m p h  
n o d es usually  show ed severe haem o rrh ag es , even in  those cases in  w hich  
b leed in g  and /o r red  b lood  cell e x tra v a sa tio n  w ere of a low degree in  th e  reg iona l 
ly m p h  nodes of th e  su b cu tan eo u s  co n n ec tiv e  tissue.

O th er im p o r ta n t gross lesions w ere th e  freq u en t en la rg em en t of th e  
sp leen , serous-jellinaceous in filtra tio n  of th e  cholecyst wall an d  of th e  loose 
co n n ec tiv e  tissue b e tw een  liver and bile d u c t, an d  th e  in te rs titia l p u lm o n a ry  
oedem a, w hich was n o t in freq u en tly  en co u n te red  in our series.

T he m ain  m icroscopic  lesions w ere f irs tly , regressive changes of ly m p h o - 
r c tic u la r  cells, vessel w alls, ce rta in  p a re n c h y m a to u s  organs an d  b ra in , second ly
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circu la tio n  disorders a n d  above all h aem o rrh ag es w hich  w ere v e ry  severe 
an d /o r charac teris tic  in  ce rta in  o rgans. P ro life ra tiv e  p h en o m en a  were also 
observed , b u t  these w ere seldom  ch a rac te ris tic .

In  th e  ly m p h o -re ticu la r system , especially  in  th e  ly m p h  nodes an d  spleen, 
lym p h o cy tes  in  d iffe ren t s tages of dev e lo p m en t and , to  a less degree, various 
m acrophages, showed regressive lesions w hich w ere ch iefly  m an ifested  as 
karyopycnosis  and  k a ry o rrh e x is . O f th e  vessels th e  p re c a p illa ry  an d  sm all 
a rte ries  show ed c h a ra c te ris tic  changes in  all organs, ab o v e  all in  th e  spleen 
an d  ly m p h  nodes. T h e  endo thelia l cells w ere sw ollen, vacuo lized , an d  th e ir  
nuclei w ere pycnotic . A ccum ulation  o f an  acidophilic , P A S -positive , finely  
g ran u la r substance  caused  th icken ing  o f  v a scu la r w all an d  loss of its  s tru c tu ra l 
defin ition . Am ong th e  changes of p a re n c h y m a to u s  o rgans, th e  regressive 
lesions of th e  liver an d  th e  hyaline d ro p le t degenera tion  of th e  k id n ey s a p p e a r­
ed to  be m ost c h a rac te ris tic . D egenera tive  changes of th e  b ra in  w ere chiefly 
m an ifested  b y  sh rink ing  o f large nerve cells an d  con d en sa tio n  of N issl granules 
in th e  grey  m a tte r  a n d  cerebral nucle i, w ith o u t m uch  in d ica tio n  of neuro- 
cy to p h ag ia . U nlike classica l swine fev e r, p e riv ascu la r in f la m m a to ry  pheno­
m ena w ere ra re  and s lig h t.

C ircu lation  insuffic iency  was in d ic a te d  in  all ex am in ed  organs by  a 
u sua lly  severe h y p eraem ia , cap illary  th ro m b u s  fo rm atio n  an d  haem orrhage. 
T hese processes were th e  m ost severe in  th e  spleen an d  ly m p h  nodes.

A p a rt from  the  m a rk e d  regressive lesions, less conspicuous pro lifera tive  
p henom ena were also observed . These w ere a h is tio -ly m p h o cy tic  in filtra tio n  
of th e  h ep a tic  and re n a l p aren ch y m a, p ro life ra tion  of th e  R H S  cells and  
h y p erp lasia  of certa in  ly m p h o id  tissues.

I t  m ay  be concluded  from lite ra ry  d a ta  an d  ou r ow n experience th a t  
th e  v ira l agen t of A frican  swine fev e r b ears  th e  p rim a ry  resp o n sib ility  for 
th e  g rea te r  p a r t  of th e  a b o v e  lesions. T h e  severe regressive lesions of lym pho- 
re tic u la r  cells and  changes of the  v a sc u la r  w all an d  en d o th e liu m , resu lting  
in  a m ark ed ly  increased  p e rm eab ility  a n d , co nsequen tly  h aem o rrh ag es in all 
body  regions, are due to  d irect d am age b y  th e  v iru s. In  o th e r  regressive 
changes, such as liver a n d  nerve cell lesions, hypox ia  due  to  severe c ircu la­
tio n  insufficiency also seem s to  p lay  a p a r t .  T he ap p earan ce  of h y a lin e  droplets 
in tu b u la r  epithelial cells o f the  k id n ey s is in d ica tiv e  of p ro te in u ria  and /o r 
of p ro te in  reab so rp tio n  from  the  g lo m eru la r f i l tra te . T h e  ap p earan ce  of 
hyaline  drop le ts was c lea rly  u n re la ted  to  a tox ic  dam age, because  th e  g rea ter 
p a r t  of th e  tu b u la r  ep ith e lia l cells d id  n o t show regressive n u c lea r  changes 
w hich, if  p resen t, a p p e a re d  to  be a sequel to  hyaline d ro p le t degeneration  
ra th e r  to  an y  o ther cause.

T he question  w h e th e r allergic p rocesses m igh t p lay  a role in  th e  estab lish ­
m en t of th e  gross and  m icroscopic lesions is a fu r th e r  m a tte r  o f consideration . 
The severe circu lation  insufficiency, th e  m ark ed  in te rs ti t ia l  lu n g  oedem a and
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th e  num erical increase  of eosinophilic  g ranu locy tes in  c e r ta in  tissues m ig h t 
w ell be a ttr ib u te d  to  a llergy  an d  i t  does n o t seem  im p ro b ab le  th a t  allergic 
p henom ena p lay  som e role in  th e  developm ent of th e  v a sc u la r  w all lesions. 
C erta in  p ro tein -like su b stan ces w hich  are re leased  from  th e  d is in teg ra ted  
ly m p h o -re ticu la r cells m ay  p ro b a b ly  induce an  allerg ic response.

Some gross a n d  m icroscopic lesions can be re g a rd e d  as a d iagnostic  
a id , especially if th e y  are observed  in  a large g roup  of an im als, b u t  su re  
d iagnosis needs b y  v iro logical ex am in a tio n s.

Gross d iffe ren tia tin g  fea tu re s  from  classical sw ine fever are  p ronounced  
cu tan eo u s cyanosis, severe  h aem o rrh ag es in th e  re tro v e n tr ic u la r  a n d  p o rta l 
ly m p h  nodes, oed em ato u s sw elling of th e  cholecyst w all, in te rs ti t ia l  p u lm o n ­
a ry  oedem a, loca liza tio n  of ren a l haem orrhages (freq u en t occurrence in  deep 
lay e rs  and  renal pelv is) an d  sw elling of th e  spleen in  th e  cases free from  a 
secondary  b ac te ria l in fec tion . M icroscopically, ex ten siv e  k aryopycnosis  an d  
k a ry o rrh ex is  of ly m p h o -re tic u la r  an d  R H S-cells (m ain ly  in  th e  ly m p h  nodes 
a n d  spleen) as well as th e  h e p a tic  an d  renal changes are  im p o r ta n t c r ite r ia  
a n d  generally m ore conclusive th a n  gross lesions.

SUM M ARY

Carcases of 33 n a tu ra lly  d iseased  and  7 ex p erim en tally  in fec ted  sw ine were exam in ed  
fo r th e  gross and m icroscopic lesions assoc ia ting  w ith  A frican  sw ine fever. T he g rea te r p a r t  
o f  th e  anim als show ed lesions ch a ra c te ris tic  o f th e  h y p e rac u t a n d  acu te  form s of th e  disease.

The m ain gross lesions were sp o ts  o f cu taneous h y p e raem ia  an d  cyanosis, and  h a em o r­
rh ag es appearing in all regions of th e  bo d y , ind ica ting  a general c ircu la tio n  insufficiency . 
R en al haem orrhages w ere fo u n d  n o t on ly  in th e  cortex , b u t  also in  th e  deeper layers an d  in  
th e  m ucosa of th e  ren a l pelv is as well: th e  deeply  seated  lesions w ere o ften  m ore severe th a n  
th e  superficial ones. Severe h aem o rrh ag es were also found  in th e  re tro v e n tr ic u la r  and  p o rta l 
ly m p h  nodes, even in  th o se  cases in  w hich  th e  regional ly m p h  nodes show ed only slight b leed ­
ing  and /o r red blood cell e x tra v asa tio n . E n la rg em en t of th e  sp leen , in te rs ti tia l  lung  oedem a 
a n d  cholecyst wall oedem a, changes w ith  th e  classical sw ine fever, w ere freq u en tly  observed .

The m ain m icroscopic  lesions w ere o f th e  regressive ty p e . T hese  occurred  on th e  one 
h a n d  in cells of th e  ly m p h o -re tic u la r  o rg an s, m ainly  in th e  sp leen  a n d  ly m p h  nodes, on th e  
o th e r  in paren ch y m ato u s organs, above all in liver and k id neys, as w ell as in nerve cells o f 
th e  cen tra l nervous sy s tem  and  in blood vessels. V ascular w all lesions were m ost m ark ed  in 
th e  ly m p h  nodes and  sp leen : in tra m u ra l deposition  of a P A S -positive  sub stan ce , vacu o liza tio n  
an d  endothelial cell in ju ry  were observed . Severe regressive lesions w ere also found  in th e  
re tic u la r  fibre system , especially  in th e  spleen.

C irculation insufficiency  was m an ifes ted  by  cap illa ry  th ro m b o s is  and  h aem orrhages 
in  all body regions. T he m o st severe h aem orrhag ic  lesions w ere fo u n d  in th e  lym ph  nodes 
a n d  spleen, often causing  in filtra tio n  of th e  organ  w ith  blood. H aem o rrh ag es were also fo u n d  
in  th e  liver paren ch y m a a n d  in th e  lep tom enings.

Slight p ro life ra tiv e  phen o m en a  w ere found  in th e  n o t y e t  severely  necrotized  ly m p h  
nodes and  spleen (esen tia lly  as a h y p e rp la sia l phenom ena) as well as in  th e  liver in w hich  
th e y  were m anifested  as sw elling and  o ften  p ro liferation  of th e  R H S  cells. H istio -ly m p h o cy tic  
in fil tra tio n  was freq u e n tly  fo u n d  in th e  in te rlo b u la r sep ta  of th e  liver. T he nuclei o f th e  
in f iltra tin g  cells o ften  show ed regressive changes. P e riv ascu lar in fil tra tio n  of cerebral vessels 
w as ra re ly  found. A few  in f iltra tin g  eosinophilic  g ranu locy tes w ere en coun tered  in m an y  
spleens and lym ph nodes.

I t  is concluded t h a t  th e  v iru s o f A frican  swine fever p lay s a p rim a ry  role in th e  d e ­
v e lo p m en t of the  lesions, b u t  in ce rta in  changes hypoxia  due to  c ircu la tio n  insufficiency 
seem s to be an a d d itio n a l cau sa tiv e  fac to r. The probab le  ro le o f allerg ic processes in  th e  
lesions is also discussed.
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ACTA V E T E R I N A R I A

ТОМ 2 3 -В Ы П . 4 

РЕЗЮМЕ

САЛМОНЕЛЛЫ В ПИЩЕВЫХ ПРОДУКТАХ ЖИВОТНОГО ПРОИСХОЖДЕНИЯ
В 1971 ГОДУ

Я. ТАКАЯ и ДЬ. НАДЬ

В 1971. году типизировано 1427 штаммов салмонелл, изолированных из продуктов 
животного происхождения в Венгрии. Обнаружено 43 вида салмонелл. Наичаще изолиро­
ваны S. a iia tu m , S. cholerae-suis и S. ty p h i-m u riu m . Первый раз среди материалов из 
Венгрии обнаружены следующие виды — S. ep icrates, S. k ilw a, S. m enston , S. h a v a n n a  
и S. coeln. Среди убойных животных наиболее богатым резервуаром салмонелл явились 
свинья и среди птиц — утка и гусь. Источником заражения этих животных салмонеллами 
явилось кормление концентратами животного происхождения. Заражение ведет к бессимп­
томному салмонелло-носительству и рассеиванию салмонелл и, таким образом, возникают 
салмонеллезные резервуары. Импортное замороженное мясо и печень являются дальней­
шим источником заноса салмонелл. Ради снижения салмонеллезных инфекций необходи­
мо урегулировать способ использования засоренных салмонеллами концентратов живот­
ного происхождения. Гигиену содержания животных, в том числе гигиену среды, необ­
ходимо удерживать на высоком уровне. Необходимо улучшить условия транспорта жи­
вотных. Нужно обеспечить, чтобы о группах животных стояли к распоряжению доубой- 
ные информации. Информация должна касаться и таких вопросов, как например, не 
были ли в хозяйстве массовые вспышки салмонеллезного заражения. При выполнении 
предписаний боенных и мясообрабатывающих мероприятий в технологической процедуре 
надо соблюдать правила гигиены; в уходе за продуктами как в производстве, так и в 
доставке к конзументу нужно соблюдать строжайшую гигиену.

ФОРМИРОВАНИЕ ПОКАЗАТЕЛЕЙ ТИТРА ПРИГОТОВЛЕННЫХ РАЗНЫМИ 
МЕТОДАМИ ГЕМОЛИЗИНОВ

Г. НАДЬ, Д. ФОДОР и I Й, САТМАРИ |

Изучено формирование значений титра гемолизинов, приготовленных разными 
методами. Применяемые авторами методы повышения чувствительности можно группиро­
вать в три группы. В первую группу принадлежат методы, когда прививки проводились 
только разными дозами суспенсии овечьих эритроцитов; во вторую, когда прививки про­
водились взвесью эритроцитов овцы и сыворотками овцы и крупного рогатого скота соот­
ветственно; в третью, когда повышение чувствительности осуществлялось только разным 
сыворотками.

Полученные сыворотки подвергались индивидуальному титрированию согласно ре­
комендации FAO/WHO.

Результаты исследований показали, что наиболее высокий титр можно получить от 
применения сыворотки от разных овец и взвеси эритроцитов овцы, дальше, от применения 
сыворотки той же овцы и суспензии овечьих эритроцитов. Формирование титра при при­
вивке кроликов только эритроцитами зависит от количества взвеси эритроцитов.

У привитых кроликов только сывороткой овцы тоже получен измеримый гемолизи- 
новый титер.

На основании своих исследований авторы приходят к заключению, согласно кото­
рому гомологическая и чужая овечья сыворотка, применившаяся до или одновременно с 
обработкой суспензией овечьих эритроцитов, стимулирует образование гемолизина.

Сыворотка крупного рогатого скота не стимулировала образование гемолизина так, 
как сыворотка овцы.



ПРОДЛЕНИЕ ПЕРИОДА ВСАСЫВАНИЯ ПРОТЕИНА: ЭКСПЕРИМЕНТЫ НА
КОТЯТАХ И ПОРОСЯТАХ

К. БАИНТНЕР мл.

Сделана попытка восстановления характерной гистологической картины кишечника 
новорожденных котят и поросят у животных возраста старше 4-х дней.

Выпоением крупной дозы коровьего молозива котятам возраста 4,5—14 дней удалось 
добиться переобразования вакуолей энтероцитов подвздошной кишки в эозинофильные 
капельки, характерные для активного всасывания протеина. Этот факт является дальней­
шими доказательством того, что энтероциты подвздошной кишки до определенного времени 
не теряют способности всасывать протеин после того, как переваривание протеина уже 
началось. Нуждается еще в прямом доказательстве тот факт, что всосавшийся при таких 
обстоятельствах протеин попадает тоже в циркуляцию.

Не удалось вызвать образования эозинофилов вэнтероцитах 4 —4,5-дневных поросят 
отбитых от собственной метки и подставленных к опоросившейся свиноматке-кормилице, 
но обнаруживались морфологические признаки резидуального всасывания протеина во 
форме мельчайших эозинофильных телец — включений в энтероцитах подвздошной кишки 
как контрольных, так и экспериментальных поросят.

В контрольных животных обоих видов вакуолизация наблюдаласть только в энте­
роцитах подвздошной кишки, но никогда в энтероцитах тощей кишки. На основании из­
менчивости локализации вакуолей по отношению к ядру клетки можно считать, что они 
обладают внутриклеточной подвижностью.

ЧАСТОТА И КЛИНИКОПАТОЛОГИЧЕСКОЕ ЗНАЧЕНИЕ ПОРАЖЕНИЙ ОРГАНОВ 
ПРИ ОПРЕДЕЛЕННЫХ ТИПАХ ИНФЕКЦИОННОГО МАСТИТА КОРОВ

И. САЗАДОШ и И. КАДАШ

Сто коров с маститом после убоя изучено на наличие макро- и микроскопических 
изменений в разных органах и бактериологически. Как при острых, так и хронических 
формах мастита, вызываемых микробами P seu d o m o n as aeruginosa, K lebsie lla  pneum oniae, 
E sc h e rich ia  coli, C o ry n eb ac te riu m  pyogenes, S taphy lococcus ИЛИ их комбинациями часто 
обнаружены в разных органах соответствующие изменения, указывающие на гематоген­
ный разнос заразного начала.

Частота обнаруживаемое™ разного рода изменений была следующей: набухание 
селезенки 43%, инфаркты в селезенкие 8%, набухание надвыменных лимфоузлов 50%, 
гнойное воспаление надвыменных лимфоузлов 12%, некроз надвыменных лимфоузлов 7%, 
метастазы актиномикозного типа в надвыменных лимфоузлах 3%, набухание региональ­
ных лимфоузлов 12%, некротические изменения в региональных лимфоузлах 5%, жирное 
перерождение печени 16%, некробиотические очаги в печени 20%, жирное перерождение 
и некробиотические очаги впечени4%, холецистит 2%, свежий геморагический инфаркт в 
печени 1%, инфаркты в почках 8%, гнойные метастазы в почках 2%, жирное перерож­
дение почек 2%, очаговый интерстицальный нефрит 17%, метастатические процессы в 
легких 4%, артриты 18%.

Патологическая картина при инфекционном мастите от Kl. pneumoniae и Ps. 
aeruginosa настолько характерна, что диагноз можно ставить без бактериологического 
исследования.

При мастите от K l. pneumoniae анемические инфаркты кроме вымени могут быть в 
надвыменных и других лимфоузлах, в селезенке, в почках и в легких. Некротические 
воспалительные очаги с головки булавки по просяное зерно, как правило, одновременно 
обнаруживаются и в печени.

При актиномикозного характера мастите, вызываемом Ps. aeruginosa  кроме 
очагов в вымени они часто имеются и в почках. При этом типе мастита некротические 
воспалительные изменения в печени невооруженным глазом едва ли видимы, но суставы 
обычно являются тоже пораженными.



ДАЛЬНЕЙШИЙ ТИП СЫВОРОТОЧНОГО ТРАНСФЕРИНА У КРУПНОГО
РОГАТОГО СКОТА

П. ШООШ, Й. ШТУКОВСКИ, Г. ЧОНТОШ и Э. ГИППЕРТ

У венгерского пестрого скота обнаружен дальнейший тип сывороточного трансфе- 
рина, провизорно названный Tf1 Hungary. Он обладает слабшей электрофоретической 
подвижностью на крахмальном желе, чем TfE

Данные авторов по изучению семейства подсказывают, что этот новый тип унасле- 
дуется как кодоминантный признак.

ИЗУЧЕНИЕ ШТАММОВ ACHOLEPLASMA, ИЗОЛИРОВАННЫХ ИЗ СВИНЬИ

Л. ШТИПКОВИЧ, Д. ШИММЕЛ и Л. ВАРГА

Авторами изучено биохимически, серологически и на резистентность 8 штаммов 
A choleplasm a, изолированных из дыхательных путей свиньи. Один среди штаммов от­
личался от основных штаммов A. la id law ii A. PG-8, A. laid law ii B F-8 , A. g ran u la ru m  
(F rien d ), A. a x a n th u m  (АТСС 25176) и A . sp. GP 49 (Squire). Остальные приняты за 
A. laid law ii хотя некоторые среди них отличались от основных штаммов как то, A. laidlaw ii, 
A. P G  8 и A. laidlaw ii В F -8  в способности гидролизации эскулина и разложения цел- 
лобиозы, некоторые — в отсутствии способности гидролизации эскулина, но в наличии 
целлобиозу разлагающей способности, некоторые — в отсутствии эффекта расщепления 
как эскулина, так и целлобиозы.

ИДЕНТИФИКАЦИЯ БЫЧЬИХ МИКОПЛАЗМОЗНЫХ ШТАММОВ, 
ИЗОЛИРОВАННЫХ ИЗ КРУПНОГО РОГАТОГО СКОТА

Л. ШТИПКОВИЧ

Проведено сравнительное биохимическое и серологическое изучение изолированно­
го в Венгрии бычьего микоплазмозного штамма группы-6 (согласно Лич) при помощи 
основного штамма A. sp. P G  49 (Squire). Результат исследований показывает не только 
идентичность двух штаммов, но и важнейшие свойства этой группы рода A cholep lasm a.

УЛЬТРАСТРУКТУРАЛЬНЫЕ ИЗМЕНЕНИЯ В ПЕЧЕНИ АБОРТИРОВАННЫХ 
ЛОШАДИНЫХ ПЛОДОВ ПРИ РИНОПНЕЙМОНИТЕ

П. КАПП

Изучены электронно-микроскопические изменения двух лошадиных плодов после 
7-недельного и 10-месячного внутриутробного развития, абортированных во время вспыш­
ки ринопнеймонита. В более молодом плоде имелся острый гепатит с обширными повреж­
дениями клеток паренхимы (Сн. 1). Частыми были некроз печеночных клеток и внутри­
ядерные включения Ковдры типа А, спорадически наблюдалось формирование гигантских 
клеток. Грубый эндопласматический ретикул часто был гипертрофированным, но и другие 
цитоплазматические органеллы были сильно поврежденными (Сн. 4 и 5). Явления воспале­
ния присутствоали в синусоидах и щелях Диссе. Вирусные частицы с признаками вирусов 
герпес, имелись в поврежденных печеночных клетках, их ядрах и межклеточном про­
странстве (Сн. 2—5).

В старшем плоде, погибшем скоро после аборта, наблюдались хронические изменения 
печени. Междольчатые прослойки были инфильтрированы гистиоцитами и лимфоцитами 
(Сн. 6) при наличии большого количества фибробластов и коллагенных волокон, имелась 
очаговая и диффузная пролиферация клеток RSH, в щелях Диссе наблюдалось образование 
сплошной базальной мембраны (Сн. 8), обнаружено повреждение желчных ходов (Сн.



7, 10, 11), спорадическое повреждение печеночных клеток (Сн. 12), образование телец 
Коунцилмана (Сн. 9). Внутриядерные включения, указывающие на наличие вируса, в 
печеночных клетках и клетках RSH обнаружены и в этом плоде (Сн. 12).

Согласно раныиим и настоящим наблюдениям автора в плодах при ринопнеймоните 
возникает острый или хронический гепатит, вызывающий гибель плода. Данные сравни­
тельных исследований показали, что морфологическая картина гепатита плодов очень 
похожа таковой при известных вирусных гепатитах. На основании морфологических иссле­
дований можно заключить, что ринопнеймонит является не что иным, как вирусным ге­
патитом лошадей.

УЛЬТРАСТРУКТУРАЛЬНЫЕ ДЕТАЛИ ВЕНЧИКА КОПЫТА СВИНЬИ

П. КАПП и А. Б. КОВАЧ

Образцы венчика копыта свиней возраста 2—80 дней изучены при помощи электрон­
ного микроскопа. Описывается соотношение эпидермиса и основы кожи (сн. 1—3) и со­
ставные части слоев призматических (сн. 1—4), шиповатых (сн. 5—7), гранулезных (сн. 
8—11) и роговых (сн. 12) клеток. Авторы анализируют ультраструктуру и специализиро­
ванное переобразование и следят за процессом ороговения согласно возрасту животных. 
Описывается трансформирование дезмосом, связывающих клетки друг с другом в опреде­
ленные слои (сн. 13а, Ь, с).

Ултраструктуральные детали напоминают таковые эпидермиса человека и живот­
ных, описанные другими авторами с той разницей, что венчик копыта свиньи проходит — 
благодаря увеличивающейся с возрастом механической нагрузке — специализированную 
структуральную трансформацию. Наиболее характерным для этого структурального из­
менения является усиленное образование эпителио-фибрилл (тонофибрилл). Авторы при­
ходят к заключению, что нормальное течение ороговения и нормальное образование копыт­
ного рога зависит от механических факторов, взаимосвязанных с активным движением.

ИЗОЛИРОВАНИЕ ACHOLEPLASMA AXANTHUM ОТ СВИНЬИ

Л. ШТИПКОВИЧ, Л. ВАРГА и Д. ШИММЕЛ

На основании способа культивирования, морфологических, биохимических свойств 
(расщепление глюкозы, маннозы, маннитала, целлобиозы, сукрозы, ксилозы, эскулина, 
аргинина и мочевины; редуцирование тетразолия, метиленовой синьи, теллурита калия; 
продуцирование фосфатазы, формирование «пленки и пятна»; потребность в холестероле; 
резистентность к хлориду натрия, метиленовой синьи, Твин 80, азиду натрия, таврохолату 
натрия, полианетолу натрия, pH 5,5 и 9,5, дигитонину) и серологических свойств (тормо­
жение роста, торможение обмена веществ, косвенная гемагглютинация, иммунофлуорес­
ценция) изолированных раньше два штамма идентифицированы как A cholep lasm a ax an th u m .

ГИСТОГЕНЕЗ ОСТРОЙ ФОРМЫ БОЛЕЗНИ МАРЕКА

А. СЕКИ и А. ВАНИ

Изучены изменения при болезни Марека в хронологическом порядке их появления.
Изучались разные органы и центральная нервная система 42 дневных цыплят. 

Животных разбили в три группы. 8 цыплятам введено по 0,2 мл вируса болезни Марека, 
обозначенного MD 7/11, 55, 300 PFV. 8 цыплят второй группы оставлены, чтобы они зарази­
лись естественным путем. По одному цыпленку убито к l -у, 2-у, 3-у, 4-у, 6-у, 8-у, l l -у и 
13-у дню после заражения. Двадцать шесть цыплят благополучного хозяйства оставлено 
контрольными. Среди контрольных животных убито по два цыпленка вместе с экспери­
ментальными животными и, кроме этого, еще к 12-у, 14-у, 16-у, 18-у и 20-у дню. Гистологи­
чески изучены сердце, две дольки печени и почек, железистый желудок, селезенка, крас­
ный костный мозг, кожа, головной мозг и утолщения спинного мозга всех цыплят.



У внутрибрюшно зараженных животных изменения в печени и сердце наблюдались 
уже на первый, более выраженно, на второй день в стенках определенных кровеносных 
сосудов в виде разрастания активных мезенхимальных (ретикулярных) клеток; на третий 
день в виде появления лимфобластов и на четвертый в виде образования очагов из зрелых 
лимфоцитов. С 6-го для обнаруживалось со временем усиливающаяся неопластическая 
пролиферация лимфоретикулярной ткани особенно в печени и позже в других экстраней- 
ральных органах. Лимфоидные клетки или неопластические формы ретикулогистиоцитов 
были характерными. С 8-го дня лимфоидная инфильтрация стенки кровеносных сосудов и 
муфты из лимфоидных клеток кокруг них имелись в обоих веществах центральной нерв­
ной системы. Подобные изменения наблюдались в тех же экстранейральных органах 
естественно заразившихся цыплят, но 3—4 дня позже. Изменений в центральной нервной 
системе раньше 13 дней не обнаружено.

КОЛИБАЦИЛЛЕЗНЫЙ МУКОИДНЫЙ ЭНТЕРИТ КРОЛИКОВ.
ИЗМЕНЕНИЯ БАЛАНСА ВОДЫ, ЭЛЕКТРОЛИТОВ И КИСЛОТА-ЩЕЛОЧЬ

Ф. ВЕТЕШИ и Ф. КУТАШ

На 20 отбитых крольчатах возраста 4—11 недель изучалось действие мукоидного 
энтерита на баланс воды, электролитов и кислота-щелочь; 15 здоровых крольчат того же 
возраста служили контрольными. Баланс воды и электролитов определялся при помощи 
гематокрита, всего белка сыворотки, мочевины, концентрации натрия и хлорида. Соот­
ношение кислота-щелочь проверялось при помощи микрометода по Аструп.

Обнаружено, что у кроликов с мукоидным энтеритом наступила гипотоническая 
дегидрация, азотемия и декомпенсированный метаболический ацидоз. Авторы приходят к 
заключению, что тяжелые перебои в балансе воды, электролитов и кислота-щелочь играют 
существенную роль в возникновении шоку подобного синдрома и в конечном итоге вызыва­
ют гибель животного.

ПАТОЛОГОАНАТОМИЧЕСКИЕ НАБЛЮДЕНИЯ ПРИ КУБИНСКОЙ ЭПИЗООТИИ 
АФРИКАНСКОЙ ЧУМЫ СВИНЕЙ

Э. ТУРИ, И. Р. РАМОС и Р. УРКИАГА

Патологоанатомические и патогистологические исследования проводились на 
материале от 33 естественно заразившихся и 7 искусственно зараженных животных. 
В большинстве животных имелись характерные изменения для подострой и острой формы 
болезни.

На переднем плане патологоанатомических изменений стояли таковые, указываю­
щие на перебои в кровеснабжении (гиперимичность и цианоз кожи, кроветечения по всему 
организму). Кроветечения в почках имелись не только в корковом слое этого органа, но 
часто наблюдались они — в более тяжелой форме — в более глубоких слоях и в слизистой 
почечной лоханки. Заметными были сильные кроветечения в лимфоузлах желудка и ворот 
печени. Здесь они были заметными даже в тех случаях, когда в других лимфоузлах име­
лась только слабая инфильтрация эритроцитами, или только еле заметные кроветечения. 
Авторы обращают внимание на часто обнаруживаемое в их случаях набухание селезенки, 
эдематозную инфильтрацию стенки желчного пузыря и интерстициальный отек легких: 
эти изменения не принадлежат к атологоанатомической картине, обнаруживаемой 
обычно при классической чуме свиней.

Среди патологических изменений наиболее характерными явились регрессивные 
процессы, обнаруженные отчасти в клетках лимфоретикулярной системы, главным образом 
лимфоузлах и селезенке, дальше, в некоторых паренхиматозных органах, как то, печени и 
почках, в нервных клетках центральной нервной системы и кровеносных сосудах. Изме­
нения кровеносных сосудов заметными были в лимфоузлах и селезенке: здесь они обнару­
живались во форме разрыхления стенки сосудов, в накоплении в них ПАШ положитель­
ного материала, в образовании вакуолей и в повреждении эндотелиальных клеток. Имелись 
тяжелые регрессивные изменения и в ретикулярной ткани селезенки.



Перебои в кровеобращении регистрировались в виде образования тромбов и крове 
течений. Последние, особенно в некоторых лимфоузлах и селезенке, ведут к инфильтра­
ции кровью. Сильные кроветечения наблюдались кроме этого в печени и мягкой оболочке 
мозга.

Слабые пролиферативные явления — по существу в качестве явлений гиперплязии 
— имелись с одной стороны в лимфоузлах и селезенке, непоказывающих еще некротичес­
ких изменений, с другой стороны в печени, где они налицевствовали в виде набухания 
клеток РГС и разрастания. Часто наблюдалась гистио-лимфоцитарная инфильтрация в 
междольковых прослойках печени. В ядрах клеток, вызывающих инфильтрацию,часто име­
лись регрессивные изменения. В мозге авторы редко наблюдали периваскулярную ин­
фильтрацию. Незначительная инфильтрация эозинофильными гранулоцитами часто 
наблюдалась в лимфоузлах и селезенке.

Согласно авторам непосредственной причиной описанных изменений является вирус 
африканской чумы свиней; но некоторые изменения могли наступить от гипоксического 
состояния, вызванного перебоями в кровеобращении. Поднимают вопрос о возможности 
роли аллергических процессов в возникновении патологоанатомической и патогистологи­
ческой картин.
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